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Foreword I

Sports for life or to live for sports? This is probably a common question in the present day.
Exercise and sports bring tremendous health benefits. However, medical problems do occur 

during sporting activities, and these are the focus of a particular discipline of medical science. 
Thus, the various medical aspects of sports have to be rigorously and comprehensively studied 
so as to minimize the possibility of harm to those taking part.

People of all ages, but especially the young, need to lead an active life, taking advantage of 
the outcome of such scientific studies. This is something I see as a priority.

As president of Hacettepe University, I would like to note that the teams we have assembled 
in many fields reflect our commitment to sports and sportsmen. In particular, the progress and 
success achieved by our basketball team in the last two years encourages us greatly for the 
future. 

Alongside this sporting commitment, we have endeavored to provide support to the science 
of sports. In this regard the, scientific support provided by the School of Sport Sciences and 
Technology, the Department of Orthopedics and Traumatology, and the Department of Sports 
Medicine has been significant. As president of the International Archery Federation for five 
years and as a member of the International Olympic Committee, I have always emphasized 
that sports need to be examined scientifically and that the best treatment of any injuries is 
prevention.

I feel greatly honored that the present book has been prepared under the organization and 
leadership of the scientists of the university of which I am rector and incorporates the contribu-
tions of many eminent international scientists.

I would like to thank and congratulate firstly my dear colleague Prof. Dr. Mahmut Nedim 
Doral and then all the distinguished authors and others who, through their efforts, have helped 
bring about this valuable work, which will make a lasting contribution to the global literature 
of sport injuries.

Ankara, Turkey Prof. U ur Erdener M.D.
 President of Hacettepe University
 President of Archery International Federation (FITA)
 President of Turkish National Olympic Committee
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Foreword II

As the president of the European Federation of National Associations of Orthopaedic Sports 
Traumatology (EFOST), it is a great honour for me to be invited by my good friend Prof. M.N. 
Doral to write a foreword for this magnificent book about sports injuries. 

I believe that the words of the nineteenth-century American political leader Robert G. 
Ingersoll are more than ever true for this masterwork, realized by so many experts in the field 
of a special branch of medicine: prevention, diagnosis, and treatment of injuries in mostly 
young women and men, engaged in sports, most of whom had the desire and determination to 
return to their athletic activity: 

“Reason, observation and experience: The holy trinity of science.” This manual is not a be-all and end-
all of diagnostic techniques, surgical interventions and rehabilitation programs for athletes who sustain 
injuries.

As the great sports orthopedist Jack C. Hughston taught us so many years ago, “None of us live 
and work in a vacuum: I have constantly rubbed my brain against those of others to clarify and 
solidify my knowledge.” EFOST has played a major role in the realization of the present mas-
terpiece And the continued rapid expansion of knowledge in sports medicine is being driven 
by basic scientists.

Information on tissue biomechanics, coverage of extreme sports and sport-specific injuries, 
the important role of physiotherapy have often been covered, discussed, and illustrated during 
the biannual congresses of EFOST, where the condition, injury, and follow-up of the individual 
athletes and members of a team were the major concern of the speakers on these international 
meetings.

Not only are the most common injuries discussed in the different chapters of this volume, 
but attention is conspicuously given to more specific sports-related fields as “sports after pros-
thesis surgery, cartilage solutions in the young athlete, and the clinical relevance of gene ther-
apy, tissue engineering, navigation and growth factors in surgery on amateur and professional 
athletes.”

Creating a textbook about problems in a rapid evaluating field as sports medicine is a chal-
lenge. Editing a book with enduring appeal is even more difficult.

The chief-editor, Prof. M.N. Doral, should be congratulated with the result of the immense 
task EFOST asked of him: create a textbook about sports medicine that can serve as a solid 
foundation for the physician with a sports-oriented practice, a reference for the experienced 
surgeon, and a basic starting point for the interested scientist and researcher.

As president of EFOST, reading this book I had some good feelings. The authors have very 
well understood the message our federation wants to spread throughout Europe and elsewhere: 
sports medicine is a very important part of medicine: new information has been included, 
future pathways are mentioned but left open.



xii Foreword II

I would like to end this foreword with the wise words of Ralph Waldo Emerson, who, with-
out knowing the result of the ambitious efforts of the editor in updating the information about 
sports medicine, wrote many years ago: “Progress is the activity of today and the assurance of 
tomorrow”

Congratulations to the whole team and all the contributors.

 José F. Huylebroek M.D.
 EFOST President 2007–2010
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Foreword III

Over the past several years, we have seen an international explosion in sports traumatology and 
knee ligament research. Tremendous efforts have been made to improve the surgical and non-
surgical outcomes of ligamentous knee injuries in both the professional and amateur athlete, 
with the introduction of minimally invasive arthroscopic techniques, complex graft fixation, 
and advanced rehabilitation protocols. Members of my research team are currently focusing on 
the comparative anatomy of the knee and anatomical double-bundle anterior cruciate ligament 
reconstruction. The members of the international sports medicine community, including the 
4,000 members of the International Society of Arthroscopy, Knee Surgery. and Orthopaedic 
Sports Medicine from 87 countries around the world, are focusing on the need to improve 
reconstructive techniques, anatomical reconstructions, biological aids, imaging, and outcome 
measures as well as providing sports traumatologists with comprehensive data and data analy-
sis on the future direction of knee ligament surgery. We extend our appreciation to Prof. 
Mahmut Nedim Doral for undertaking this tremendous effort in assembling this comprehen-
sive text with contributions from over 100 international authors to serve as a source of sports 
traumatology.

Prof. Freddie H. Fu M.D., D.Sc. (Hon.), D.Ps. (Hon.)
 President of ISAKOS 2009–2011
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xv

After the 5th European Federation of National Associations of Orthopaedic Sports Traumatology 
(EFOST) Meeting, held in November 2008 in Antalya, I never imagined that such a compre-
hensive volume as this would result. This book is the product of sleepless nights and the valu-
able efforts of more than 300 scientists from around the world: from Japan to the US, Nepal to 
Israel, Hungary to Spain. It gives me great honor to have integrated Eastern and Western sci-
ence in my home land, which as well as being the geographical junction has since ancient 
times been the cultural intersection of East and West.

Firstly, I would like to express my gratitude to all authors who provided their valuable expe-
rience for this work. I would also like to thank the co-editors — Dr. Mann, Dr. Tando an, and 
Dr. Verdonk — in addition to the Advisory Board.

With its increasing importance, sports surgery has now reached an exciting level. Every 
time the sports physician turns on the television he or she sees how priceless it is to be able to 
bring their patient back into the sporting arena a day earlier — and thus make an impact on so 
many lives. As a result, scientific developments in sports traumatology have impacts on the 
world at large.

Although we have come a long way since Masaki Watanabe undertook the first arthroscopy, 
the human body has so many unexplored mysteries that it invites ever-increasing scientific 
endeavors. Thus, in this book, we have attempted to gather together current concepts, treat-
ment modalities, surgical techniques, and rehabilitation protocols as much as possible. We 
have attempted to include not only standard methods but also novel techniques and different 
ideas. We preferred to start our book with prevention strategies, knowing that the most impor-
tant part of an athlete’s treatment is prevention.

Similarly, in light of the viewpoint that diseases do not exist, only patients, we created the 
Sports Specific Injuries” section so that surgeons could have a better knowledge about such 
injuries. Some other sections in this book are Upper and Lower Extremity Injuries, Pediatric 
Sports Injuries, and Sports After Arthroplasty.

The “Future in Sports Traumatology” section of this book covers topics that we considered 
particularly worthwhile, and we hope that the papers in this section will encourage readers to 
develop new, original ideas. Our present knowledge has to be updated every five years or so, and 
maybe five years from now genetically enhanced athletes and robots will be ongoing issues.

At this point, with the experience of 30 years in my professional career, having treated 
thousands of patients, and with the help of such an experienced publisher as Springer-Verlag, 
it is an amazing feeling for me to produce the present book — just like the first time I picked 
up my lovely daughter and held her in my arms 28 years ago.

I cannot express the special place I have in my heart for my precious parents Ne ’e Füsun 
and Seyfi Doral, for their lifelong support.

Preface



xvi Preface

I would like to thank my dear wife Esra, who always supports me and considers me a “still” 
studying student, my daughter ölen Ceyla from whom I always get advice, my son in law 
Co ku, my wonderful teacher Dr. T. Gö ü  who has a special place for me, Dr. R. Ege who 
introduced Turkish orthopedics to the world, my colleagues, the other authors, and people who 
have had trust in me for this book.

I would like to thank Dr. Ö.A. Atay, Dr. G. Leblebicio lu, Dr. A. Üzümcügil, Dr. E. 
Turhan who have worked with me and supported me for years, and, further, Dr. J. Huylebroek, 
Dr. A. Imhoff, Dr. S. Woo, Dr. M. Yazıcı, and Dr. N. Maffulli.

Special thanks go to my young assistant Dr. G. Dönmez. His incredible energy and attention 
should be an example for all young assistants. He too has made much effort on this book.

I would like to thank Springer-Verlag family and Gabriele Schröeder who have supported me.
It would be the greatest present and best source of motivation for me to know that this work 

is in your hands to help you expand your vision in treating athletes.
Please do not forget that the science has no religion, no language, no race, no color, no flag!
Having the experience of years, my message to my young fellow colleagues is to share sci-

ence. Please keep in mind that to progress to higher points in medicine, it is essential to educate 
growing new generation in a perfect way, with the best opportunities.

Ankara, Turkey Prof. Mahmut Nedim Doral M.D.
 President of Turkish Society of Orthopaedics and Traumatology
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The History of EFOST

Mahmut Nedim Doral 

After the First World Congress of Sports Traumatology 
which was held in Palma de Mallorca in May 1992, Dr. Hans 
Paessler from Germany and Dr. Jean-Claude Imbert from 
France suggested the idea of founding a new organization in 
Europe dealing with Sports Traumatology, based on the 
association of different nations through north, east, south, 
west, or middle of Europe. This was a formation of an amal-
gam in sports trauma consisting of national sports trauma 
societies from the different European countries. This new 
group was planned to be a “Federation,” not an individual 
society with the purpose of coordinating and improving 
knowledge on sports-related injuries. So, the creation of 
EFOST (European Federation of Orthopaedic National 
Association for Sport Traumatology) was completed in 
Munich by the initiatives of French and German National 
Societies (SFPTS and GOTS) (Figs. 1 and 2).

With the aim of promoting a “Federation” on sports trau-
matology as an independent specialty within Europe, the 
founders contacted the National Sport Trauma Associations, 
and the first General Assembly of EFOST was held in Santa 
Margareta di Liguria, Genova (Italy) at Hotel Miramare in 
September 1993 with the participation of Jean-Marie Baillon 
(Belgium), Jean-Claude Imbert (France), Wolfgang 
Pförringer, Hans H. Paessler (Germany), Pantelis Nikolaou, 
Georgis Priftis, Nikolaos Piscopakis (Greece), Filippo 
Rettagliata (Italy), Arthur Dziak (Poland), Jose M. Vilarrubias 
(Spain), and me as delegates. A constitution for the European 
Federation of National Associations of Orthopaedic Sports 
Traumatology (EFOST) was accepted as a conclusion of this 
inaugural general assembly. The mission of EFOST was 
determined as bringing the Sport Traumatology chapter 
under the name of “Federation” together, spreading its con-
cept throughout Europe and creating new ones in the coun-
tries with no such organizations. Jean-Claude Imbert was 

elected as the first president of EFOST. The second general 
assembly was held at the second congress of the European 
Federation of National Association of Orthopaedics and 
Traumatology (EFORT) in 1995 in Munich and Giuliano 
Cerulli (1995–1997) was elected as the new president of 
EFOST by a unanimous vote. Dr. Huylebroek, Dr. Benazzo, 
and Dr. Biosca were the pioneers of EFOST.

The first Specialty Day Meeting at EFORT Congress in 
Munich was followed by the other EFORT meetings in 1997 
Barcelona, in 1999 Brussels and in 2001 Rhodes. Hans H. 
Paessler (1997–1999), Mahmut Nedim Doral (1999–2002), 
Paco Biosca (2002–2004), Franco Benazzo (2004–2007), 
and José Huylebroek (2007–2010) served EFOST as 
presidents.

EFOST has organized six Congresses until now: Munich 
2001, with GOTS, Congress President Dr. Hans H. Paessler, 
Monaco 2003, Congress President Dr. Jean-Claude Imbert 

M.N. Doral 
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Hacettepe University, Hasırcılar Caddesi, 06110 Ankara,  
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(Fig. 3), Madrid 2004, Congress Presidents Dr. Pedro Guillen 
and Dr. Paco Biosca, Pavia 2006, Congress President 
Dr. Franco Benazzo, Antalya 2008, Congress President 
Dr. Mahmut Nedim Doral and the 6th organization is was 

held in Brussels in 2010 with Dr. Jose Huylebroek as 
President. With the outstanding energy of Dr. Huylebroek, 
Brussels Meeting of EFOST was one of the best scientific 
exchange and social activities in the heart of Europe on 
sports traumatology.

The current President of EFOST is now Dr. François 
Kélbérine from France and the EFOST 2012 Meeting will be 
combined with the World Trauma Sports Meeting by the 
organization of Dr. Roger Hackney and Dr. Nicola Maffulli 
from the UK.

A lot of things have been carried out since 1993 which we 
still study for the development of EFOST. E-journal, 
Fellowship programs that are organized by Dr. Kélbérine, 
improving relationships with national sports traumatology 
societies, having more comprehensive website, E-journal 
and preparing continuous E-Newsletter are other current 
activities of EFOST. Dr. William Wind and Dr. Michael 
Rauh from the USA were the first two scholars of the EFOST 
fellowship program in 2008 and they took interest in pre-
senting their experiences in Belgium, Italy, France, and 
Turkey with senior orthopedic surgeons in the fifth EFOST 
Meeting. We are quite sure that the new elected candidates, 
Dr. Omer Mei-Dan (Israel) and Dr. Mike Carmont (UK), 
will be great representatives of the European Sports Medicine 
Surgeons!

I believe that EFOST family will grow more and more and 
they will provide a very good concept for Sports Traumatology 
by working in cooperation with the international associations 
or societies like ISAKOS, ESSKA, AOSSM, SLARD. 
With the help of these kinds of societies, we will be able to 
get into the internationally standardized concepts for the 
treatment of the athletes and improve that concept in 
Europe and the entire world.

Fig. 2 Official medallion of EFOST

Fig. 3 Board of Trustees at 
Monaco 2003: (from left to right) 
J Borrel (Spain), R Smigielski 
(Poland), F Benazzo (Italy), 
JC Imbert (France), E Brunet 
(France), P Lobenhoffer 
(Germany), MN Doral (Turkey), 
P Biosca (Spain), J Huylebroek 
(Belgium), F Kelberine (France)
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The Past and the Future of Arthroscopy

Hans H. Pässler and Yuping Yang 

In addition to joint replacement and internal fixation of frac-
tures, arthroscopic surgery is regarded as one of the three 
greatest improvements in the diagnosis and treatment of 
patients with conditions affecting the musculoskeletal system 
during the twentieth century. Unlike the other two, arthros-
copy is the most minimally invasive surgical approach.

Arthro means joint and scope to view from the Greek root. 
Arthroscopic surgery always uses tiny incisions that allow the 
introduction of an arthroscope or other instruments into a 
joint, and it has origins in the early nineteenth century.

Curiosity and the desire to examine the body cavities can 
be traced back to ancient times with evidence of the use of the 
vaginal speculum and proctoscope in the ruins of Pompeii.

In 1806 Philipp Bozzini, a German doctor from Frankfurt, 
presented his Lichtleiter, the first cystoscope developed to 
study the inside of the urinary bladder (Fig. 1). The Lichtleiter 
used two tubes with a candle to observe the inside of the 
bladder. In 1853, the French physician Desormeaux further 
refined the cystoscope, using a mixture of turpentine and 
gasoline, which when ignited in a small chamber produced 
light that was reflected through a system of mirrors into the 
bladder to provide visualization. The cystoscope utilized by 
Desormeaux is considered by medical historians to be the 
earliest endoscopic instrumentation (Fig. 2).

J. Bruck, who was reportedly a dentist, transilluminated 
the bladder from the rectum, using a “diaphanoscope” in 
1860, which essentially was a red hot or glowing wire 
encased in a quill. Dentists were involved because bladder 
stones were often thought to be similar to teeth and only den-
tists were trained to handle these hard tissues.

In 1876, the German Max Nitze introduced a cystoscope 
that used a heated platinum loop to look inside the bladder. 
His first demonstration in public took place in October 1877 
in the Institute of Pathology of the University Clinic in 
Dresden, where Michael Burman also performed his 
arthroscopic studies 54 years later (see below). These primi-
tive endoscopes were made safer in 1879 with Edison’s 
invention of the light bulb, replacing Desormeaux’s turpen-
tine/gasoline mixture and Nitze’s heated loop, with incan-
descent light as a source for cystoscopic illumination of the 
bladder (Fig. 3). The introduction of these early endoscopes 
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BOZZINI 1779-1809

Lichtleiter im Schnitt (von oben gesehen)
Section du “guide de lumiere” (vue d’en haut)
Sectional view of “light transmitter” 

1806Fig. 1 Dr. Philipp Bozzini and his Lichtleiter

1853

DESORMEAUX
1815-1894

Im Schnitt (von oben gesehen)
Section (vue d’en haut)
Sectional viewFig. 2 Dr. Desormeaux and his endoscope

provided medical science with a method of visualization 
using light and mirrors to examine anatomical structures in a 
new way. Furthermore, Nitze took the very first photograph 
of the interior of a bladder in 1890. The development of this 
groundbreaking technique to inspect the human body would 
have far-reaching applications in the twentieth century.

The first recorded application of an endoscope to the 
inside of a knee joint occurred in 1912, when the Danish 

physician Dr. Severin Nordentoft from Aarhus (Fig. 4), used 
a laparoscope developed by the Swedish professor of inter-
nal medicine, Hans Christian Jacobeus together with the 
company, Georg Wolf, Berlin, Germany (Fig. 5) to examine 
the interior of knees and presented his work at the 41st 
Congress of the German Surgical Society in Berlin. It is he 
who first called this procedure “arthroscopy.” There is no 
question, from the written description in the published 
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abstract, about the fact that he was really the first to look 
inside a knee joint. However, there was no indication in his 
presentation that he used the instrument clinically.

The Japanese professor Kenji Takagi was credited in 1918 
with using a cystoscope to view the inside of a cadaver knee 
(Fig. 6). His early attempts to develop an arthroscope resulted 
in an instrument that was 7.3 mm in diameter and much too 
large to be practical in the knee. Takagi continued to refine the 
cystoscope, so that by 1931 he had developed the No. 1 arthro-
scope, a 3.5-mm instrument that was to become the model for 
present-day arthroscopes (Fig. 7). Takagi created 12 different 
arthroscopes, No. 1 to No. 12, with varying angles of view, 
along with operative instruments small enough to perform 
rudimentary surgery, such as biopsy within the knee joint.

In the Western world, a Swiss physician, Eugen Bircher, 
performed an arthroscopy in 1921, using an abdominal lap-
aroscope like Nordentoft. Bircher published the first articles 
regarding arthroscopy of the knee, referring to this technique 
as arthroendoscopy (Fig. 8). It is interesting that Bircher 
never referred to Nordentoft, although they both presented 
their technique at the annual congress of surgery in Berlin. 
Bircher used this technique as a prelude to arthrotomy. 
Comparable to laparoscopy, he filled the joint with nitrogen 
or oxygen primarily to visualize and diagnose such condi-
tions as internal derangement. His articles published between 
1921 and 1926 were based on approximately 60 arthroendo-
scopic procedures. However, by 1930, Bircher abandoned 

arthroendoscopy in favor of air arthrography, citing better 
visualization using contrast media with radiographic images.

With their earliest contribution to arthroscopy, Takagi and 
Bircher are regarded as the “fathers of arthroscopy” by many 
historians.

In 1931, Michael Burman, a young resident at the 
Hospital for Joint Diseases in New York began to use an 
arthroscope in the anatomy laboratory of New York 
University, having had a special instrument designed for 
him by a Mr. R. Wappler. But later, he had to go to Europe 
on a traveling scholarship in the spring of 1931 to continue 
his studies because there was no chance for further studies 
in the New York University for him. He studied under 
Professor George Schmorl, the renowned pathologist and 
director of the Institute of Pathology in Dresden, Germany 
(Figs. 9 and 10). A study of the effect of dyes injected into 
the joint cavity on degenerative joint cartilage was initiated 
in Dresden and was a research venture that Burman contin-
ued later in clinical trials of arthroscopy on live patients.  
In the autumn of 1931, Burman returned to New York and 
published the results of his investigation in the historical 
paper “Arthroscopy or the Direct Visualization of Joints” 
(Fig. 11). He also printed 20 colored aquarelles of endos-
copy findings in different joints. These were painted by the 
medical artist of the Dresden Institute, Mrs. Frieda Erfurt, 
and were actually the first pictures of arthroscopic findings 
ever published. Michael Burman went on to become an 

1879

NITZE 1848-1906

1877 Dresden

1879 Wien

Optik herausgezogen
Optique retirée
Telescope removed

Fig. 3 Dr. Max Nitze and his heated loop endoscopes
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Fig. 4 Dr. Severin Nordentoft from Aarhus Denmark

Fig. 5 Jacobaeus Laparoscope (Georg Wolf 
Company, Berlin, Germany)

Fig. 6 Japanese professor Kenji Takagi, “father of arthroscopy,” who 
was the first to view the inside of cadaver knee in 1918, using the 
cystoscope
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Fig. 7 Takagi’s No. 1 arthroscope

Fig. 8 Dr. Eugen Bircher performing a knee surgery with his arthros-
copy in 1917. Gas was used to fill up the joint

Fig. 9 Dr. Michael Burmann 1901–1975

orthopedic surgeon and worked at the Hospital for Joint 
Diseases in New York throughout his professional life. 
During the 1950s he collected material for an Atlas of 
Arthroscopy, but this was never published, as he could not 
find an editor who appreciated his work.

However, World War II delayed advancements in medical 
science, and it took 16 years after the end of the war to 
resume publication of articles reporting the progress in 
arthroscopic surgery.

By now in Japan, a protégé of Takagi’s, Masaki Watanabe, 
established himself as the “father of modern arthroscopy” by 
developing sophisticated endoscopic instruments, using elec-
tronics and optics, which became popular in Japan in the post-
World War II era (Fig. 12). Watanabe’s No. 21 arthroscope 
developed in 1959 was superior in quality and became a model 
for production (Fig. 13). Watanabe’s No. 21 was the instrument 
by which North American surgeons developed their skills in 
surgical arthroscopy. Yet, in spite of increasing improvements, 
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the No. 21 arthroscope had its disadvantages. Since the light 
carrier would short-circuit and the bulb would occasionally 
shatter in the knee, it would not be until the 1970s and the intro-
duction of cold light fiberoptics that arthroscopes would 
become safe and dependable. The transition from simply a 
diagnostic tool to therapeutic modality can also be credited to 
Watanabe, who arthroscopically removed a xanthomatous 
tumor from the superior recess of the knee on March 9, 1955. 
He subsequently performed the first arthroscopic partial menis-
cectomy on May 4, 1962 (Fig. 14a–c).

Watanabe was a true scientist and a great teacher. He freely 
gave his knowledge to whoever was interested. He wrote the 
first Atlas of Arthroscopy, which was published in English in 
1957, and which was beautifully illustrated by Fujihashi 
(Fig. 15) His second Atlas of Arthroscopy was published in 
1969 with illustrated color photographs of the interior of the 
joint. Dr. Ikeuchi has continued his great work to this day.

In 1969, Dr. Richard O’Connor visited and studied with 
Watanabe. With the help of Richard Wolf Instrument 

Company in 1974, O’Connor developed instruments and 
arthroscopes that enabled him to do the first partial menis-
cectomies in North America. O’Connor introduced the first 
rod lens type operating arthroscope, thereby solidifying 
arthroscopy as a surgical treatment of joint pathology. 
O’Connor and Hiroshi Ikeuchi, a Watanabe colleague from 
Japan, popularized arthroscopy to include not only menis-
cectomy but meniscal repair as well.

Another significant contribution to arthroscopic surgery 
can be attributed to Dr. Lanny Johnson, who with the assis-
tance of Dyonics Corporation developed the first motorized 
shaver instruments in 1976. Dr. Johnson is also regarded as a 
pioneer in arthroscopic shoulder surgery and rotator cuff 
repair.

Dr. John Joyce III, organized the first arthroscopy course in 
1972 at the University of Pennsylvania. By 1974, the course 
was repeated and the International Arthroscopy Association 
was founded. By 1982, the Arthroscopy Association of North 
America was established promoting education and practice in 
arthroscopic surgery and has become one of the largest sub-
specialty organizations in orthopedics today.

A boom to surgical arthroscopy in the 1970s came with the 
development of fiber optics and the use of television technol-
ogy. Visibility improved with fiber optic light cables, and the 
television monitor allowed surgeons to view the image on a 
screen rather than rely on direct visualization with the eye 

Fig. 12 Masaki Watanabe, the “father of modern arthroscopy”

Fig. 10 Burmann’s laboratory, Institute of Pathology in Dresden, 
Germany

VOL. XIII, NO. 4  OCTOBER,  1931
Old Series

Vol. XXIX. NO. 4

The Journal of
Bone and Joint Surgery

ARTHROSCOPY OR THE DIRECT VISUALIZATION OF JOINTS

AN EXPERIMENTAL CADAVER STUDY*

BY MICHAEL S. BURMAN, M.D., NEW YORK, N. Y.

Scholar of the Henry W. Frauenthal Travel Scholarship,
Hospital for joint Diseases

Fig. 11 Dr. Burmann published the results of his investigation in the his-
torical paper “Arthroscopy or the Direct Visualization of Joints” in 1931
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Fig. 13 Watanabe’s No. 21 arthroscope

a

b

c

Fig. 14 (a) First surgery of arthroscopic partial meniscectomy was finished by Masaki Watanabe in 1962. (b) The tearing medial meniscus in 
the joint. (c) The abscised specimen of tearing meniscus
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through the arthroscope, freeing their hands. Television-guided 
imaging has helped facilitate such procedures as ligament 
reconstruction with minimally invasive techniques. As 
arthroscopic technology has advanced, the scope of treatable 
conditions has expanded. Today, virtually every joint in the 
human body can be accessed via arthroscopy.

The 1980s and 1990s heralded advances in arthroscopic 
procedures and instrumentation that allowed orthopedists to 
treat disease and injury with minimally invasive incisions, 
further decreasing complications, downtime, and medical 
costs for patients with musculoskeletal disorders. Surgical 
arthroscopy evolved into a major therapeutic modality, rather 
than merely a diagnostic tool. By the mid-1980s, data showed 
that surgical techniques using arthroscopy were actually 
superior to open operative surgery. No longer would patients 
have to undergo debilitating and painful surgery with exten-
sive incisions. When indicated, arthroscopy would become 
the preferred method of surgical treatment over conventional, 
old-fashioned procedures.

What will be the future of arthroscopy? What are the 
desires of the surgeons? A three dimensional vision would 
be great, especially in cruciate ligament reconstructive sur-
gery (Fig. 16). Furthermore, a manual movable optic, which 
can be turned from 0° to 90°, would help the surgeon signifi-
cantly. For 20 years, the industry has been trying to develop 
these scopes, but till now it has not been of any practical use. 
VRATS – Virtual-Reality-Arthroscopy-Trainings simulator 
are coming up, but are not yet used for most of the current 
training workshops.Fig. 15 First Atlas of Arthroscopy 1957, the first edition by Watanabe

Fig. 16 3-D-arthroscopy (Richard Wolf Company, 
Knittlingen, Germany)
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A Main Timeline of Arthroscopic 
Development During the Twentieth Century

1912 – Danish surgeon Severin Nordentoft presented a paper 
on endoscopic findings within the knee using a technique, 
which he named “arthroscopy”.

1918 – Japanese professor Kenji Takagi examined a 
cadaver knee with a cystoscope.

1921 – Swiss physician Eugen Bircher performed an 
arthroscopy, using an abdominal laparoscope.

1931 – Takagi developed the No. 1 arthroscope, a 3.5-mm 
instrument that would become the model for present-day 
instruments. Dr. Burmann published the results of his inves-
tigation in the historical paper “Arthroscopy or the Direct 
Visualization of Joints”.

1959 – Watanabe developed sophisticated instruments 
using electronics and optics, and his No. 21 arthroscope 
became a model for production.

1962 – Watanabe performed the first partial meniscec-
tomy in Japan.

1972 – Dr. Joyce taught the first arthroscopy course in the 
USA at the University of Pennsylvania.

1974 – Dr. Richard O’Connor performed the first par-
tial meniscectomy in North America. The International 
Arthroscopy Association was founded.

1982 – The Arthroscopy Association of North America 
was established.
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Treatment of Athletic Injuries: What We Have 
Learned in 50 Years

Giuliano Cerulli 

Over the past 50 years orthopedic surgery and traumatology 
have been divided into different sectors. Scientific societies, 
specific journals, books, sub-speciality research groups, con-
gresses and courses, as well as teaching centers have been 
organized. Sport traumatology must be supported by a com-
plex set of knowledge obtained by applying scientific meth-
odology in order to gain a precise description of reality; we 
call this “Science.” As Galileo Galilei said “Science sepa-
rates what we know from what we do not know.”

However, sometimes human activity based on technical 
solutions, natural skills, or behavior deriving from experi-
ence, which is called “Art,” hides Science. Today, in sport 
traumatology, we must be scientific in our approach. The 
study of the biomechanics of the human body has led us to 
the functional biomechanical evaluations of athletes, allow-
ing us to observe different parameters such as the proprio-
ceptive system, joint stability, and muscle strength during 
sport-specific movements; the biological and tissue mechan-
ics applied to sport as well as the morphofunctional study of 
athletes. These methods allow us to quantify important 
parameters before, during, and at the end of the sports 

season. On the basis of these parameters we can implement 
prevention programs and personalize rehabilitation to restore 
the normal condition of each athlete in case of injury.

In anterior cruciate ligament reconstruction (ACL-R), we 
do not know exactly the advantages of the different tech-
niques (i.e., single bundle and double bundle) since, as Savio 
Woo has shown in his studies, so many variables affect the 
ACL-R as well as the role of associated lesions that signifi-
cantly influence the outcome of the ACL-R.

Concerning cartilage treatment – I would say that most of 
the novelties on this topic are pure Art, and few are Science.

Hence, we must be very careful when we promise a rapid 
return to sport or excellent results in tissue repair, we must 
respect the laws of tissue biology and the healing process, 
the athlete’s individual characteristics, as well as the biome-
chanics of the sport being practiced. Today, after 50 years of 
sport traumatology, some aspects are Art and some are 
Science. Our goal must be to make sport traumatology 100% 
Science. In order to do this, we must use precise scientific 
methods in planning research projects under the guidance of 
true scientific commitment.

G. Cerulli 
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Biomechanical Measurement Methods  
to Analyze the Mechanisms of Sport Injuries

Serdar Arıtan 

Introduction

The performance of an athlete is affected by numerous fac-
tors. These can be roughly grouped into three categories which 
are physiological, biomechanical, and psychological factors. 
Biomechanical factors have a profound effect on how an ath-
lete controls and compensates movement patterns during the 
performance of a movement or series of movements. From a 
biomechanical point of view, these compensations often lead 
to faulty movement patterns, which decrease the sports per-
formance. For example, if a javelin thrower had an overactive 
infraspinatus muscle in the shoulder, it would significantly 
affect the thrower’s ability to deliver a consistent high velocity 
throw. This is due to the shoulder’s inability to control the arm 
at high speed before and after the throw. The same concept 
applies to all arm-related events, such as golf and tennis.

Video Analysis Software

In order to overcome such a problem, a video analysis sys-
tem can be a simple solution for athletes and their medical 
and training team. It helps them come to a common place in 
an effort to collaborate in accomplishing an athlete’s bio-
mechanical needs. The main purpose of such an analysis is 
to identify an athlete’s biomechanical or movement dys-
function by using video analyses of his/her sport as well as 
breaking down the fundamental parts of the movement to 
expose the problem part that is contributing to injury and/or 
decreased performance.

Video analysis software is one of the common tools that is 
used to capture, edit, and analyze various sport motions to 
find the weak parts in the movement which may cause injury, 
pain, or a drop in the performance. By using stroboscopic 
image extraction method in the video analysis, an athletic 
movement can be unfolded in time and space by compound-
ing video images into a frame-by-frame of static images 
along the athlete’s trajectory. A typical output of video ana-
lysis software can be seen in Fig. 1. From this information, 
athletes can develop the strength and conditioning specific to 
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their movements and their sport. They can also receive sug-
gestions and corrective exercises from the medical team to 
decrease the risk of injury.

There are, however, shortcomings of the video analyses 
that cannot be ignored in some cases. Video analysis soft-
ware happens to be an ineffective tool if exact position, 
velocity, or acceleration of an athlete’s body or his/her equip-
ment is required for a biomechanical analysis.

Motion Analysis Software

A motion analysis system enables one to record movement and 
then to measure positions, angles of joints, speed and distance 
of movement, and to compare the same movements performed 
at different times. Such an analysis gives the athlete or the phy-
sician clear information on the reasons of injury, muscle weak-
ness, and degree of improvement. In general, this methodology 
is called Human Motion Analysis (HMA). Nowadays, the 
methods can be brought together as whole under the definition 
of marker-based methods, which are the main methods in the 
laboratory and clinical environments. Marker-based methods 
are defined as methods that rely on anatomically positioned 
markers recorded by camera systems. These systems work by 
measuring the location of markers attached to the subject. Then, 
in the case of a three-dimensional (3D) system, using a mathe-
matical procedure the views from several cameras are inte-
grated to form a 3D representation of those markers in space. 
Camera systems can also be classified into two main streams, 
which are near-infrared spectrum (it is commonly called as 
infrared – IR) and visible spectrum cameras. Depending on the 
camera type, tracing of the markers can be done manually or 
automatically. Because of the ease in using threshold process-
ing in the IR cameras, infrared reflective markers are used to 
collect spatial–temporal and kinematic data in the most modern 
commercial IR camera-based motion capture systems. Whether 
these modern systems use automatic tracking or manual, their 
output is the 3D positions of the markers (e.g., ProReflex from 
Qualisys, Sweden; Motion Analysis from Motion Analysis 

Corporation, USA; Simi Motion from SIMI Reality Motion 
Systems, Germany; HUBAG from Hacettepe University, 
Turkey). This allows the calculation of marker displacement, 
angles, velocities, and accelerations, etc. A movement of the 
rendered 3D stick figure or skeleton representation of human 
body can be the typical output of HMA. As an example of 
HMA, a trajectory of selected anthropometric point during 
back somersault movement can be seen in Fig. 2.

The main disadvantage of the automatic tracking systems 
with IR cameras is that these systems can only work on con-
trolled artificial lighting environment. The system does not 
work on direct or indirect sunlight, even though in the controlled 
environment reflective shiny spots in the camera view can be 
mistaken by the system as markers. Additionally, these systems 
are usually fixed in the laboratory environment and cannot be 
easily moved if an experiment requires a different location. 
Therefore, these systems are limited to some movements that 
can only be performed in the laboratory environment.

Biomechanical Modeling

It is, however, viable to obtain all kinematics variables in a 
movement by utilizing HMA; it is not possible to measure 
forces that caused the movement. In order to measure the 
force inside a human body, a surgical operation is required to 
implement a force transducer. In addition to technical com-
plications and calibration problems of force transducer, the 
subject would also be at risk of surgical infections. Therefore, 
modeling in biomechanics works as an interface between the 
body and measurement settings.

In recent years, biomechanical modeling has become very 
popular in the area of sports biomechanics. Recent devel-
opments in software and hardware in the computer technol-
ogy could potentially explain this popularity. Developing a 
biomechanical model itself improves the understanding of 
the mechanical system’s dynamics and the structure. On the 
other hand, most of the biomechanical systems are so com-
plicated that a satisfying modeling seems extremely difficult. 

Fig. 1 Stroboscopic image extraction of triple jump movement from video recording
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One standard solution is that the complexity can be reduced 
by cutting down some part of the system to be modeled. 
A well-prepared model must be simple but yet adequately 
detailed to precisely represent the system.

Considering the system components (i.e., limbs of the 
human body) as a rigid body, rather than a deformable body 
also helps to reduce the complexity of the model. Although, 
in reality, no material is absolutely rigid, deformation of 
limbs in sports movement can be ignored, when compared to 
the gross motion of the system.

Basically, there are two types of approaches in bio mechanical 
modeling. The first one is inverse dynamics and the second one 
is forward dynamics or direct dynamics. Inverse dynamics cal-
culation is used to determine joint forces and torques based on 
the physical properties of the system being modeled and a time 
history of displacements from experimental kinematic data, 
including velocities and accelerations. Ground reaction forces, 
mass and inertial characteristics of segments are also required in 
this method. In a forward dynamical analysis, the joint torques 
are the inputs and the body motion is the output. It is critical to 
understand what generates this joint torques. Joint torques are 
the addition of internal body forces such as ligaments, joint con-
straints, and of course, muscle forces. Muscles are the actuators 
in this method. Therefore, the correct input into the model is 
definitely neural input, which drives the muscles.

Classical Mechanics

Whichever approach is used for modeling, first of all, the equa-
tion of motion has to be derived. The dynamics of biomechan-
ical systems is based on classical mechanics. The simplest 
element of a multi-body biomechanical system is a free 

particle that can be treated by Newton’s equations, which was 
published in 1686 in his “Philosophiae Naturalis Principia 
Mathematica” [15]. The rigid body that is a key element in the 
modeling was introduced in 1775 by Euler in his contribution 
entitled “Nova methodus motum corporum rigidarum determi-
nandi” [10]. Euler already used the free body principle for the 
modeling of joints and constraints, which resulted in reaction 
forces. Thus the equations obtained are known in human body 
dynamics as Newton–Euler equations. In 1743, D’Alembert 
distinguished between applied and reaction forces in a system 
of constrained rigid bodies in his book entitled “Traité de 
Dynamique” [7]. He called the reaction forces “lost forces” 
having the principle of virtual work in mind. A systematic 
analysis of constrained mechanical systems was also estab-
lished in 1788 by Lagrange [13]. The variational method 
applied to the total kinetic and potential energy of the system 
considering its kinematical constraints and the corresponding 
generalized coordinates result in the Lagrangian equations of 
the first and the second kind. Lagrange’s equations of the first 
kind represent a set of differential algebraical equations in 
Cartesian coordinates with undetermined Lagrange multipli-
ers, while the second kind leads to a minimal set of ordinary 
differential equations in generalized Lagrange coordinates.

Choosing a Method for Deriving  
the Equations of Motion

Lagrangian Dynamics
Lagrange’s equations of motion are specified in terms of the 
total energy of the body in the kinematic chain. With this 
formulation, forces between bodies (equal and opposite) do 
not need to be considered because these forces do not add 

Fig. 2 Stick figure output of 
back somersault movement
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energy to the system. Although the equations of motion are 
generally easy to formulate, this method is relatively ineffi-
cient for inverse dynamics calculations.
Newton–Euler Dynamics
In this method, the Newton–Euler equations are applied to 
each body in the model. All forces affecting each body must 
be considered, which makes this method difficult and tedious 
for complex systems. The overall equations of motion can 
be written in any suitable inertial reference frame. Recursive 
and non-recursive formulations are exist, which makes this 
method is effective for inverse dynamics.
D’Alembert’s Principle
Equations of motion are derived by identifying all forces 
on each body go through an acceleration and writing 
equilibrium equations. These equilibrium equations are 
simultaneously solved to obtain the dynamic system 
response. The restriction of this method is that it can only 
be used for the systems which work at low speeds.
Kane’s Dynamics
This method is a subset of the group of methods known as 
“Lagrange’s form of D’Alembert’s Principle.” The Newton–
Euler equations are multiplied by “special vectors” to 
develop scalar representations of the forces acting on each 
body. In this method, there is no need to take interbody 
forces into consideration. Closed kinematic chains can be 
directly calculated, but extensive symbol manipulations are 
required in the formulation of the equations of motion [12].

Methodology of Biomechanical Modeling

Bresler and Frankel established the method of determination 
of forces and torques at each joint by simple repetition of the 
free body model of each body segment [6]. This was a follow-
up study of Elftman [9]. They measured ground reaction forces 
and torques using a force plate. Kinematical values of anthro-
pometric points were determined by using photogrammetric 
techniques. The human body was modeled as a system of rigid 
body links. Kinematic and force platform data were combined 
to calculate the dynamics of each body segment by applying 
inverse dynamics with the Newton–Euler procedure. The 
method started at the foot and continued up the limb. Fourteen 
thousand calculations and 72 graphs were all manually pro-
duced. There were no computers which were used in the study. 
The work required a sum of almost 500 man-hours.

How to Calculate

Nowadays, all necessary calculations in modeling have been 
done automatically on computers. This can be achieved by 
writing a computer program or just using commercial 
 software. Any approach is much faster than the manual cal-
culation without a comparison.

Developing a computer program, which calculates dynamics 
joint software, demands a good knowledge in dynamics. Solving 
the equations of motion requires a great deal of time to perform 
the pencil-and-paper analysis of the system to put the equations 
into a form that can be solved numerically by computer.

To use the generalized simulation toolboxes, the bio-
mechanist must have access to the general-purpose simula-
tion software with a powerful computer to run the software. 
Extensive experience in dynamics and experience with the 
simulation software are also essential. Even with the required 
software, hardware, experience, and knowledge, running the 
generalized simulation codes may require too much com-
puter time for some analyses.

The symbolic analysis software serves to aid the bio-
mechanist in the development of simulation codes that may 
be done manually. However, a large amount of the work must 
still be done by the researcher, particularly in identifying 
forces and torques acting on bodies in the model, and in 
specifying constraints. Also, the symbolic programs produce 
only a portion of the complete simulation code.

Examples for Biomechanical Modeling

Forces and torques acting on the joints during takeoff phase 
in the long jump were investigated by Alptekin and Arıtan [1]. 
They modeled the jumper as a system of seven rigid bodies. 
Free body diagram of the takeoff phase in the long jump is 
shown in Fig. 3. Kinematics and force platform (kinetics) 

Fig. 3 Free body diagram of the take-off phase in long jump
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data were collected to analyze the dynamics of each body 
segment by applying inverse dynamics. In their study, the 
Newton-Euler equations were applied to each body in the 
model to calculate the joint forces and torques.

Modeling of pull phase in Olympic snatch (weight lifting) 
was accomplished by using physical modeling tools [2]. The 
term “physical modeling” is somewhat confusing. A physi-
cal model can be interpreted as a real wood, clay, or metal 
copy of a real object. In the context of biomechanics, it refers 
to modeling techniques that better represent the physics and 
the mathematics of a system. Amca and Arıtan [2] captured a 
successful snatch attempt of an elite weightlifter by using 
high speed cameras. To determine the angular kinematics of 
the joints and to create the model, selected points on the 
weightlifter and barbell were digitized. A 2D multi-body 
model was created on the sagittal plane of the weightlifters.

Instead of deriving and programming equations, they used a 
multibody simulation tool to build a physical model of the 
weightlifter by using SimMechanics, which is a physical mod-
eling tool that works on top of Simulink [16]. SimMechanics 
model of weightlifter can be seen in Fig. 4. The joint torques 
was calculated during the pull phase of the Olympic Snatch by 
utilizing inverse dynamics solvers. In addition to developing 
multibody models straightforwardly in SimMechanics, it also 
works in both forward and inverse dynamics approaches.

Herrmann and Delp created a model by using OpenSim 
(Open-Source Software to Create and Analyze Dynamic 
Simulations of Movement) to analyze how the surgery will 
affect wrist extension strength [11]. They investigated the 
effects of the surgery of the transfer on wrist extensor strength 
by creating plots of the maximum isometric wrist moments 
before and after the simulated surgery. Screen shot of the 
wrist model in OpenSim software can be seen in Fig. 5.

OpenSim is a software system that enables you to create 
and analyze graphics-based models of the musculoskeletal 
system [8]. In OpenSim, a musculoskeletal model consists of 
a set of bones that are connected by joints. Muscle-tendon 
actuators and ligaments span the joints. The muscles and 
ligaments develop force, thus generating moments about the 
joints. OpenSim allows analyzing and testing a musculoskel-
etal model by calculating the moment arms and lengths of 
the muscles and ligaments. Given muscle activations, the 
forces and joint moments (muscle force multiplied by 
moment arm) that each muscle generates can be computed 
for anybody position.

As it can be noticed from the text, the classical mechanics 
modeling approach is based on the assumption that the body 
is rigid. This assumption can be acceptable when a body 
exposed to a set of forces, it mainly moves rather than deforms. 
As an example, bones can be assumed to act as rigid bodies 
during gait or other activities. Alternatively, when a body 
responds to force by not only moving but also deforming, 
it must be considered as deformable body. Soft tissues such as 
muscle, ligament, or cartilage cannot be considered as rigid 
bodies, they have to be regarded as deformable bodies.

Finite Element Modeling

The fundamental concept in deformable body analysis is that 
all structures may be considered a collection of springs. 
Together, this collection of springs imparts a characteristic 
elastic stiffness or resistance to deformation. Most biomech-
anists would accept that Finite Element Method (FEM) is the 
most appropriate method to analyze deformable biological 

Fig. 4 SimMechanics model of 
weightlifter
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systems. The FEM is generally referred to as finite element 
analysis (FEA). Although FEA is preferred in soft tissue bio-
mechanics, it can be also used in the skeletal system (joint 
loads, bone stress analyses, artificial joints), modeling blood 
flow, and heat transfer in biological tissues [14].

FEA is simply explained by algebraic equations which 
are given as follows:

where;

{F} is the vector of nodal forces,
[K] is the element stiffness matrix,
{u} is the vector of nodal displacement.

FEA can be divided into three sections, which can be described 
as model creation, solution, result validation, and interpretation. 
The aim of the model creation phase is the mathematical formu-
lation of the finite element model in terms of nodes and elements, 
material properties, boundary and interface conditions, and 
applied loads. Model creation is also called as discretization, the 
structure is divided into a finite number of discrete subregions, 
called elements that are interconnected at nodal points, or nodes. 
This interconnected network of elements and nodes constitutes 
the finite element mesh. The mesh acts like a spider web in that, 
from each node, there extends a mesh element to each of the 
adjacent nodes. Mesh generation is the most tedious and time-
consuming step in FEA. Using magnetic resonance imaging 
(MRI) or computer tomography (CT) data can be the best way of 
generating 3D meshes of heterogeneous objects with complex 
geometry like the human body [4]. Visual procedure of generat-
ing 3D mesh of upper arm from MRI data can be seen in Fig. 6.

Elements are then assigned specific material properties 
that represent the elasticity of the real structure. Mechanical 

properties of the material must be known to establish the ele-
ment stiffness matrix [3]. The time-dependent behavior of 
soft tissues has made it very difficult to obtain mechanical 
properties. In order to obtain viscoelastic material properties of 
soft tissue specific instrumentation and experimental setup [5] 
are required. This is why FEM in biomechanics has been dom-
inated by bone and cartilage-based studies. FEM of bone 
enables researchers to use standard engineering testing 
machines to obtain the mechanical properties of bone, and 
bone has a comparatively simple geometrical shape.

Finally, virtual loads are added to the model, typically to 
nodal points (Fig. 7). Constraining anchors are also determined 
at this step and mobility may be restricted to particular degrees 
of freedom. These applied loads and constraints are collectively 
termed the boundary conditions. On running the analysis step, 
nodal displacements are calculated in response to the applied 
boundary conditions, taking into account structural geometry 
and the predefined elasticity of the structure. The solution phase 
consists of executing a finite element computer program using 
the previously generated model as the input data. Finally, a cru-
cial part of FEA is the validation and interpretation of the results. 
Model validation and accuracy must be checked. In other words, 
does the FEM represent the geometry, loads, material proper-
ties, boundary, and interface condition of the real structure?

Conclusion

There are many causes of injury ranging from poor tech-
nique, not enough preparation, inadequate strength, insuffi-
cient range of movement in the relevant structures, and many 
others. Correct biomechanical function is a critical factor, but 
is generally less understood. Biomechanical measurement 

Fig. 5 Screen shot of wrist 
model in OpenSim software
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methods and modeling play an important role in understand-
ing the kinematics and kinetics part of the movement. In fact, 
advanced biomechanical modeling simulation tools can help 
model the physical world at sufficient speed with a desired 
accuracy. Finally, biomechanical screening can be used as an 
integral part of sports injury prevention and management 
program for optimal performance.
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Prevention of Ligament Injuries

Emin Ergen 

Introduction

Sometimes the proper management of sports injuries can 
be complex and challenging to the sports medicine clini-
cian. It is even more demanding to prevent athletic injuries 
and programming the rehabilitation after a joint lesion. 
Structural and neuromuscular mechanisms are disrupted in 
case of an injury and the continuation of information pro-
cessing is ceased, which would lead to performance dete-
riorations and re-injury. From the point of view of sports 
medicine, the coordination of a movement is mainly the 
internal organization of the optimal control of the motor 
system and its parts, thus ligaments play an important role. 
Coordination has been defined as a cooperative interaction 
between nervous system and skeletal muscles [33]. This is 
particularly important for the prevention of injuries in risky 
situations.

During any voluntary movements or perturbations occur-
ring in gait, running, or jumping, due to rapid responses of 
lower, and to some extent, upper extremities, musculature of 
these parts play an important role in keeping desirable pos-
ture. Afferent information for necessary fine tuning of motor 
control is provided by proprioceptive, visual, vestibular, and 
somatosensorial receptors.

Somatosensorial receptors are located in muscles, ten-
dons, joints, and other tissues. Proprioception relates pri-
marily to the position sense of mechanoreceptive sensation, 
which includes tactile and position sense. Biomechanically, 
there is a considerable load on musculotendinous and cap-
sular structures, together with joint contact forces. Trauma 
to tissues may result in partial deafferentation by causing 
mechanoreceptor damage, which can lead to proprioceptive 
deficits. Consequently, susceptibility to re-injury may 
become a possibility because of this decrease in proprio-
ceptive feedback.

The effect of ligamentous trauma resulting in mechanical 
instability and proprioceptive deficits contributes to func-
tional instability, which could eventually lead to further 
microtrauma and reinjury.
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Ankle Injuries, Clinical Importance, and 
Prevention Through Proprioceptive Training

Ankle sprains are defined as the most common musculoskel-
etal injuries that occur in athletes [1, 2]. Several studies have 
noted that sports requiring sudden stops and cutting move-
ments like soccer cause the highest percentage of these inju-
ries [3]. Ankle sprains not only result in significant time loss 
from sports participation, they can also cause long-term dis-
ability and have a major impact on health care costs [2].
Functional instability of the ankle is one of the most com-
mon residual disabilities after an acute ankle sprain. Ankle 
joint instability can be defined as either mechanical or func-
tional instability. Mechanical instability refers to objective 
measurement of ligament laxity, whereas functional instabil-
ity is defined as recent sprains and/or the feeling of giving 
way. Casual factors include a proprioceptive deficit, muscu-
lar weakness, and/or absent coordination [12]. Ankle insta-
bility, as a result of partial deafferentation of articular 
mechanoreceptors, with joint injury was first postulated by 
Freeman [15]. They observed that a decrease in the ability to 
maintain a one-legged stance occurred in the sprained ankle 
versus the contralateral uninjured ankle. Konradsen and 
Ravn [22] attributed the cause of functional instability to 
both mechanical and functional causes in stating that func-
tional instability results from “damage to mechanical recep-
tors in the lateral ligaments or muscle/tendon with subsequent 
partial deafferentiation of the proprioceptive reflex”.

According to the results of studies, the most frequent inju-
ries of adolescent [4, 6] and female [7] soccer players are 
ankle sprains. Some of the intrinsic risk factors involved in 
ankle injuries have been identified as previous sprains, foot 
type and size, ankle instability, joint laxity, reduced lower 
extremity strength, and anatomic malalignment [5, 8]. 
Dvorak et al. [11] also supported the observation by Inklaar 
[18] who stated that the high rate of reinjury suggests that 
inadequate rehabilitation or incomplete healing is an impor-
tant risk factor. Soccer, like most sports, is associated with a 
certain risk of injury for the players. However, scientific 
studies have shown that the incidence of football injuries can 
be reduced by prevention programs [26, 31, 36].

Knee Injuries, Clinical Importance,  
and Prevention Through Proprioception

The presence of neuroreceptors in the human knee joint had 
been described by Rauber over a 100 years ago, whereas the 
presence of numerous mechanoreceptors in the human anterior 
cruciate ligament (ACL) was well documented in the 1980s [5].

Proprioception may play a protective role in acute knee 
injury through reflex muscular splinting. Kennedy et al. [21] 

hypothesized that loss of mechanoreceptor feedback from 
torn knee ligaments contributed to a vicious cycle of loss of 
reflex muscular splinting, repetitive major and minor injury, 
and progressive laxity.

The protective reflex arc initiated by mechanoreceptors 
and muscle spindle receptors occurs much more quickly than 
the reflex arc initiated by nociceptors (70–100 m/s vs 1 m/s). 
Thus, proprioception may play a more significant role than 
pain sensation in preventing injury in the acute setting [23].

In addition to mechanical disruption of articular structures 
following injury, the loss of proprioception may have a pro-
found effect on neuromuscular control and the activities of 
daily living. It appears that neurological feedback mecha-
nisms originating in articular and musculotendinous struc-
tures provide an important component for the maintenance 
of functional joint stability [24]. Articular deafferentation 
results following the injury to capsuloligamentous structures. 
This contributes to alterations in kinesthesia and joint posi-
tion sense and further degenerative changes in the joint, as 
the spinal reflex pathway may be impaired [24].

Effect of Fatigue on Reflex Inhibition

Endurance training is known to result in neuromuscular 
adaptations that would alter the production and/or clearance 
of metabolic substrates. Soccer is considered as an endur-
ance event, mainly. It can be speculated that fatigue may well 
result in lower muscular response to inversion. Walton et al. 
[38] have studied to determine the extent of reflex inhibition 
during and after fatigue in endurance-trained individuals 
compared to sedentary controls. Subjects have been found to 
produce isometric ankle plantar-flexion contractions at 30% 
of maximal voluntary contraction (MVC) until their MVC 
torque declined by 30%. H-reflexes have been measured dur-
ing a brief rest period every 3 min as well as superimposed 
upon the contraction every minute. These experiments have 
demonstrated that the neuromuscular processes associated 
with fatigue-related reflex inhibition must be multifaceted 
and cannot be explained solely by small diameter afferents 
responding to the byproducts of muscle contraction [38]. 
Muscular fatigue may be associated with reflex inhibition of 
the motoneuron pool. However, no literature is available to 
reveal the possible mechanism explaining the relationship 
between fatigued peroneal muscle and ankle injury.

Effect of Taping

It has been postulated that prophylactic effect of ankle taping 
is associated with sensory feedback. By uniting the skin of 
the leg with the plantar surface of the foot, Robbins et al. [29] 



Prevention of Ligament Injuries 29

suggested that the sensory cues to plantar surface of the foot 
are increased, thereby allowing a more accurate foot place-
ment and reducing the changes of excessive ligamentous 
strain. Karlsson and Andreasson [20] concluded that taping 
may help patients with unstable ankles by facilitating propri-
oceptive and skin sensory input to the central nervous system. 
Therefore, taping or using lace-up brace may contribute pro-
prioception with sensory stimulation. There are some studies 
emphasizing that ankle taping rapidly loses its initial level of 
resistance; nevertheless, restraining effect on extreme ankle 
motion is not eliminated by prolonged activity [25, 27].

Effect of Orthotics and Braces

The various forms of ankle support orthotics and braces 
available are generally considered effective in providing 
mechanical stability while restricting joint range of motion. 
Improvement in proprioception and sensorimotor function 
has been shown to occur, through stimulation of cutaneous 
mechanoreceptors near and around the ankle through the 
application of ankle support [14] and tape [30]. In Sweden, 
25 teams with 439 adult male soccer players have been ran-
domized into three groups: those offered a semirigid ankle 
orthotics (7 teams with 124 players), those offered an ankle 
disk training program (8 teams with 144 players), and 10 
control teams with 171 players. None of the 439 players have 
been allowed to use taping. Sixty of the 124 players who had 
been offered the orthosis elected to use it. The rate of sprains 
had been found to be higher among those with previous his-
tory of sprains (25% vs. 11%, p < 0.001) and among those 
players without interventions. Both the players who used the 
orthosis and those in the ankle disk training program had 
shown significantly lower rates of injury than had done the 
controls (3%, 5%, and 17%, respectively). This difference 
had been accounted for entirely by prevention of injury 
among those with previous sprains [36].

Cordova and Ingersoll [10] have investigated the immedi-
ate and chronic effects of ankle brace application on the 
amplitude of peroneus longus stretch reflex on 20 physically 
active college students. The results have revealed that the ini-
tial application of a lace-up style ankle brace and chronic use 
of a semirigid brace facilitates the amplitude of the peroneus 
longus stretch reflex. They also found that initial and long-
term ankle brace use does not diminish the magnitude of this 
stretch reflex in the healthy ankle. This may provide more 
evidence that the external ankle support offered may enhance 
cutaneous feedback in addition to the mechanical properties 
of the devices. Because the lace-up brace covers more area 
than the semirigid brace, more receptors may be stimulated. 
Cordova et al. [9] have provided a comprehensive review of 
the literature regarding the role of external ankle support on 
joint kinematics, joint kinetics, sensorimotor function, and 

functional performance. The authors maintain that the effects 
of ankle support on joint kinematics during static joint assess-
ment and on traditional functional performance measures 
(i.e., agility, sprint speed, vertical jump height) are well 
understood. However, they argue that the potential effects of 
ankle support on joint kinetics, joint kinematics during 
dynamic activity (e.g., a cutting maneuver), and various sen-
sorimotor measures are not well known and future research 
investigating the role of external ankle bracing needs to focus 
on these areas.

Proprioceptive Training for Prevention

There are several discussions about the possibilities for pre-
vention of a soccer injury such as; warm-up with more 
emphasis on stretching, regular cool-down, adequate reha-
bilitation with sufficient recovery time, proprioceptive train-
ing, protective equipment, good playing field conditions, and 
adherence to the existing rules [19]. Among these, proprio-
ceptive or neuromuscular training is strongly emphasized in 
the latest reviews and researches [26, 31, 32, 36]. Assessing 
the best injury prevention strategies for soccer requires a 
complete understanding of the factors that contribute to both 
the occurrence of these injuries and the uptake of, or compli-
ance with, potential prevention strategies [28].

The concept of doing proprioceptive exercises to regain 
neuromuscular control initially was introduced in rehabilita-
tion programs. It was considered that because mechanorecep-
tors are located in ligaments, an injury to a ligament would 
alter afferent input. Training after an injury would be needed 
to restore this altered neurologic function. Neuromuscular 
conditioning techniques have also been advocated for injury 
prevention. Increased postural and movement accuracy 
increases the consistency with which activities can be per-
formed safely [35].

An intervention program consisting of injury awareness 
information, specific technical training and a program of 
proprioceptive training for players with a history of ankle 
sprains, demonstrated a 47% reduction in the incidence of 
ankle sprains in the course of single season. Studies have 
also shown that proprioceptive training not only reduces the 
risk of reinjury, but also the incidence of acute lateral ankle 
sprain if used prophylactically [3].

Proprioceptive Training for the Knee Joint

Reconstructing the ACL seems to improve afferent input 
needed for functional joint stability, and histological stud-
ies have shown a repopulation of mechanoreceptors in ACL 
graft tissue [16]. Exercises to enhance motor control 
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therefore are essential after an anterior cruciate ligament 
reconstruction. In the past several years, there also has been 
a heightened awareness of the need for preseason sport 
conditioning to focus on lower extremity balance and con-
ditioning to attempt to diminish the incidence of knee liga-
ment injuries. Neuromuscular training incorporating 
plyometrics and agility drills and stressing the need for 
proper technique for pivoting, shifting, and landing has 
been advocated to decrease the incidence of ACL injuries. 
Griffis (quad–cruciate interaction), Henning Sportsmetrics 
(a three-part prevention consisting of stretching, plyomet-
rics, and strengthening drills), Caraffa (a five-phase pro-
gressive skill acquisition program), and Santa Monica by 
Mandelbaum (a five-part program designed to improve 
strength, flexibility, injury awareness, plyometrics, and 
agility skills) are some of the program examples success-
fully implemented in rehabilitation [16].

Proprioceptive Training for the Ankle Joint

Tropp [34] found that wobble board training during a 
10-week period could improve pronator muscle strength in 
patients with functional instability. Further training has not 
been found to give any added effect. Wester et al. [39] have 
conducted a similar study on 48 patients (24 training and 24 
no training group) with residual functional instability due to 
Grade II ankle sprain. Compared to no training group, 
12-week training group showed significantly fewer recurrent 
sprains in a 230 days follow-up period. Eils and Rosenbaum 
[12] have carried out a research on 30 subjects to find the 
effects of a 6-week multi-station proprioceptive exercise pro-
gram. Joint position sense, postural sway, and muscle reac-
tion times showed significant improvements following to 
this multi-station training program consisting of 12 different 
exercises (on mat, swinging platform, air squab, eversion-
inversion boards, ankle disc, mini trampoline, step, uneven 
walkway, hanging and swinging platforms, and with exercise 
bands). The program has been conducted in a way that each 
exercise was performed for 45-s followed by a 30-s break 
where subjects move over to the next station.

Proprioceptive Exercises

Although many companies sell fairly complex computerized 
equipment to help improve proprioceptive input and balance, 
such training can also be accomplished through various simple 
drills done on various surfaces with eyes open and eyes shut, 
progressing from a double to a single limb stance. However, if 
available, such technologically advanced devices can also be 

used in proprioceptive trainings and rehabilitation programs. 
Exercises should include repetitive, consciously mediated 
movement sequences performed slowly and deliberately as 
well as sudden, externally applied perturbations of joint posi-
tion to initiate reflex, “subconscious” muscle contraction [17].

Balance Training

One major category of proprioceptive exercise is balance 
training. These exercises help to train the proprioceptive sys-
tem in a mostly static activity. In the lower extremities, activ-
ities can include one-legged standing balance exercises, 
progressive use of wobble board exercises, and tandem exer-
cises in which a postural challenge (e.g., perturbations) can 
be applied to the individual by the therapist.

Plyometric Exercises

Plyometric exercises incorporate an eccentric preload (a quick 
eccentric stretch) followed by a forceful concentric contrac-
tion. This exercise technique is thought to enhance reflex joint 
stabilization and may increase muscle stiffness. It has become 
increasingly popular as an example of neuromuscular control 
exercise that integrates spinal and brain stem levels and has 
been an effective addition to upper and lower extremity con-
ditioning and rehabilitation programs [35]. As with the ankle 
and knee, plyometric exercises are added after near-normal 
strength in all targeted muscles has been achieved.

Isokinetic Exercises

Isokinetic exercises can be performed to enhance joint posi-
tion sense using isokinetic devices. The athlete places his/her 
extremity in a predetermined position and is asked to repro-
duce this position, initially with the eyes open and then with 
eyes shut to block visual cues that might aid in neuromuscu-
lar control. This exercise can be performed with and without 
eccentric and/or concentric loads.

Kinetic Chain Exercises

Closed-kinetic-chain exercises challenge the dynamic and 
reflexive aspects of proprioception in the legs and feet. During 
a closed-chain movement at onejoint, a predictable movement 
at other joints is produced, usually involving axial forces.  
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The lower extremities function in a closed-chain manner dur-
ing sports and daily life activities, so these exercises will 
facilitate in regaining the proper neuromuscular patterns.

Leg press, squat, circle running, figure eights, single-leg 
hops, vertical jumps, lateral bounds, one-legged long jumps, 
and carioca (crossover walking) are some examples. In the 
upper extremities, application of graded, multidirectional 
manual resistance by a physiotherapist can provide proprio-
ceptive feedback in a closed-chain fashion. Open-chain man-
ual resistance exercises with rhythmic stabilization (rapid 
change in direction of applied pressure) are also considered 
proprioceptively useful. In either case, resistance can be mod-
ified, depending on pain tolerance, as the patient progresses.

Reaction Time

The length of reaction time indicates that motor activity can-
not be regarded solely in response to environmental stimuli. 
In order to prevent injuries, a stored set of muscle commands 
is necessary. This motor programming allows the initiation 
of activity on exposure to unfolding event. The repetition of 
such exercises also enables the cerebral cortex to determine 
the most effective motor pattern for that task and potentially 
decrease the response time [35].

Sport-Specific Maneuvers

A very good example for sport-specific maneuvers for pre-
vention programs, “The 11” was developed by FIFA’s medi-
cal research center (F-MARC) in cooperation with a group 
of international experts [19]. The exercises focus on core sta-
bilization, eccentric training of thigh muscles, propriocep-
tive training, dynamic stabilization, and plyometrics with 
straight leg alignment. The benefits of the program include 
improved performance and also injury prevention.

In summary, for constructing programs with the aim of 
prevention, one should incorporate exercises that improve 
joint motion sense, increase awareness of joint motion, 
enhance dynamic joint stability, and improve reactive neuro-
muscular control.

Progression of a program should be designed to proceed 
from easy to more difficult movements as the pain during the 
exercises tolerated in time [37] (Tables 1 and 2).

It is generally recommended to continue such a program 
for at least 6–10 weeks in order to improve proprioceptive 
abilities, especially during preseason. It should also be 
remembered that proprioceptive exercises should incorpo-
rate with other specific training items such as strength, flex-
ibility, agility, etc. during workouts [13].

References

 1. Arnold, B.L., Schmitz, R.J.: Examination of balance measures pro-
duced by the Biodex Stability System. J. Athl. Train. 33, 323–327 
(1998)

 2. Aydin, T., Yildiz, Y., Yanmis, I., et al.: Shoulder proprioception:  
a comparison between the shoulder joint in healthy and surgically 
repaired shoulders. Arch. Orthop. Trauma Surg. 121(7), 422–425 
(2001)

 3. Bahr, R.: Injury prevention. In: Reeser, J.C., Bahr, R. (eds.) 
Volleyball: Handbook of Sports Medicine and Science, pp. 94–106. 
Blackwell, Malden (2003)

 4. Barden, J.M., Balyk, R., Raso, J.V., et al.: Dynamic upper limb pro-
prioception in multidirectional shoulder instability. Clin. Orthop. 
420, 181–189 (2004)

 5. Barrack, R.L., Lund, P.J., Skinner, H.B.: Knee joint proprioception 
revisited. J. Sport Rehabil. 3, 18–42 (1994)

 6. Barrack, R.L., Skinner, H.B., Brunet, M.E., et al.: Joint kinesthesia 
in the highly trained knee. J. Sports Med. Phys. Fit. 24, 18–20 
(1983)

 7. Barrack, R.L., Skinner, H.B., Buckley, S.L.: Proprioception in the 
anterior cruciate deficient knee. Am. J. Sports Med. 17, 1–6 (1989)

 8. Barrett, D.J.: Proprioception and function after anterior cruciate 
ligament reconstruction. J. Bone Joint Surg. Br. 73, 833–837 
(1991)

 9. Cordova, M.L., Christopher, D., Ingersoll, C.D., et al.: Efficacy of 
prophylactic ankle support: an experimental perspective. J. Athl. 
Train. 37(4), 446–457 (2002)

Table 1 Progression of proprioception exercises

EASY DIFFICULT

Double leg Single leg

Standing position (on the 
floor)

Moving platforms and different 
surfaces, for example, pneumatic 
or foam pads

Single direction (e.g., rocker 
board, ankle inversion-ever-
sion boards, ankle flexion-
extension boards)

Multidirection (e.g., ankle disk, 
mini trampoline)

Eyes open Eyes shut

Free hands Fixed arms (crossed over the chest)

Straight leg Flexed knee

Fewer repetitions and sets More repetitions and sets

Simple drills (e.g., walking, 
stepping down and up)

Complicated drills (e.g., hops, 
jumps, perturbations, and 
plyometrics)

Table 2 General principles of a proprioceptive training program

Number of exercises: 2–5

Number of repetitions of exercises: 10–15

Number of sets: 1–3

Duration of total proprioceptive 
training:

5–15 min (shorter for 
prevention, longer for 
rehabilitative purposes), 
Preferably every training 
day (at least 3–5 days a 
week)



32 E. Ergen

10. Cordova, M.L., Ingersoll, C.D.: Peroneus longus stretch reflex 
amplitude increases after ankle brace application. Br. J. Sports Med. 
37, 258–262 (2003)

11. Dvorak, J., Junge, A., Chomiak, J., et al.: Risk factor analysis for 
injuries in football players possibilities for a prevention program. 
Am. J. Sports Med. 28, S69–S74 (2000)

12. Eils, E., Rosenbaum, D.: A multi-station proprioceptive exercise 
program in patients with ankle instability. Med. Sci. Sports Exerc. 
33, 1991–1998 (2001)

13. Ergen, E., Ulkar, B.: Proprioception and ankle injuries in soccer. 
Clin. Sports Med. 27(1), 195–217 (2008)

14. Feuerbach, J.W., Grabiner, M.D., Koh, T.J., et al.: Effect of an ankle 
orthosis and ankle ligament anesthesia on ankle joint propriocep-
tion. Am. J. Sports Med. 22, 223–229 (1994)

15. Freeman, M.A.: Instabilities of the foot after lateral ligament inju-
ries of the ankle. J. Bone Joint Surg. 47, 669–677 (1965)

16. Griffin, L.Y.E.: Neuromuscular training and injury prevention in 
sports. Clin. Orthop. Relat. Res. 409, 53–60 (2003)

17. Hoffman, M., Payne, V.G.: The effects of proprioceptive ankle disk 
training on healthy subjects. J. Orthop. Sports Phys. Ther. 21, 90–93 
(1995)

18. Inklaar, H.: Soccer injuries. II. Aetiology and prevention. Sports 
Med. 18, 81–93 (1994)

19. Junge, A., Dvorak, J.: Soccer injuries: a review on incidence and 
prevention. Sports Med. 34(13), 929–938 (2004)

20. Karlsson, J., Andreasson, G.O.: The effect of external ankle support 
in chronic lateral ankle joint instability: an electromyographic 
study. Am. J. Sports Med. 20, 257–261 (1992)

21. Kennedy, J.C., Alexander, I.J., Hayes, K.C.: Nerve supply of the 
human knee and its functional importance. Am. J. Sports Med. 10, 
329–335 (1982)

22. Konradsen, L., Ravn, J.B.: Ankle instability caused by prolonged 
peroneal reaction time. Acta Orthop. Scand. 61, 388–390 (1990)

23. Lephart, S.: Reestablishing proprioception, kinesthesia, joint posi-
tion sense and neuromuscular control in rehabilitation. In: Prentice, 
W.E. (ed.) Rehabilitation Techniques in Sports Medicine, pp. 118–
137. Mosby, St. Louis (1994)

24. Lephart, S.M.: Proprioception of the ankle and knee. Sports Med. 
25, 149–155 (1998)

25. Manfroy, P.P., Ashton-Miller, J.A., Wojtys, E.M.: The effect of 
exercise, prewrap, and athletic tape on the maximal active and pas-
sive ankle resistance of ankle inversion. Am. J. Sports Med. 25, 
156–163 (1997)

26. McGuine, T.A., Keene, J.S.: The effect of a balance training pro-
gram on the risk of ankle sprains in high school athletes. Am. J. 
Sports Med. 34, 1103–1111 (2006)

27. Myburgh, K.H., Vaughan, C.L., Isaacs, S.K.: The effects of ankle 
guards and taping on joint motion before, during, and after a squash 
match. Am. J. Sports Med. 12, 441–446 (1984)

28. Olsen, L., Scanlan, A., MacKay, M., et al.: Strategies for prevention 
of soccer related injuries: a systematic review. Br. J. Sports Med. 
38, 89–94 (2004)

29. Robbins, S., Waked, E., Rappel, R.: Ankle taping improves proprio-
ception before and after exercise in young men. Br. J. Sports Med. 
29, 242–247 (1995)

30. Simoneau, G.G., Degner, R.M., Kramper, C.A., et al.: Changes in 
ankle joint proprioception resulting from strips of athletic tape 
applied over the skin. J. Athl. Train. 32, 141–147 (1997)

31. Söderman, K., Werner, S., Pietila, T., et al.: Balance board training: 
prevention of traumatic injuries of the lower extremities in female 
soccer players? A prospective randomized intervention study. Knee 
Surg. Sports Traumatol. Arthrosc. 8(6), 356–363 (2000)

32. Surve, I., Schwellnus, M.P., Noakes, T., et al.: A fivefold reduction 
in the incidence of recurrent ankle sprains in soccer players using 
the Sport-Stirrup orthosis. Am. J. Sports Med. 22(5), 601–606 
(1994)

33. Tittel, K.: Coordination and balance. In: Dirix, A., Knuttgen, H.G., 
Tittel, K. (eds.) Encyclopedia of Sports Medicine, vol. 1, pp. 194–
211. Blackwell, London (1988)

34. Tropp, H.: Pronator muscle weakness in functional instability of the 
ankle joint. Int. J. Sports Med. 7, 291–294 (1986)

35. Tropp, H., Alaranta, H., Renström, A.: Proprioception and coordi-
nation training in injury prevention. In: Renström, P.A.F.H. (ed.) 
Sports Injuries Basic Principles of Prevention and Care, pp. 277–
288. Blackwell, London (1992)

36. Tropp, H., Askling, C., Gillquist, J.: Prevention of ankle sprains. 
Am. J. Sports Med. 13(4), 259–262 (1985)

37. Unver, F.: The effects of proprioceptive training on ankles with 
inversion injuries. Doctoral thesis. Hacettepe University Institute of 
Health Sciences. Ankara (2004)

38. Walton, D.M., Kuchinad, R.A., Ivanova, T.D., et al.: Reflex inhibi-
tion during muscle fatigue in endurance-trained and sedentary indi-
viduals. Eur. J. Appl. Physiol. 87(4-5), 462–468 (2002)

39. Wester, J.U., Jespersen, S.M., Nielsen, K.D., et al.: Wobble board 
training after partial sprains of the lateral ligaments of the ankle: a 
prospective randomized study. J. Orthop. Sports Phys. Ther. 23, 
332–336 (1996)



M.N. Doral et al. (eds.), Sports Injuries,  
DOI: 10.1007/978-3-642-15630-4_6, © Springer-Verlag Berlin Heidelberg 2012

33

Prevention in ACL Injuries

Henrique Jones and Pedro Costa Rocha  

Introduction

Anterior Cruciate Ligament (ACL) injury increases at the 
same time that the sports practice increases. This has influ-
enced a strong research focused on determining the risk 
 factors for injury and trying to establish prevention programs 
that can decrease the incidence of this sports correlated 
 medical entity. Our purpose is to report potential mecha-
nisms and risk factors for non-contact ACL injury in sports, 
mostly in soccer and focus on the special incidence in women 
that practice competitive sports. Prevention is our final goal.

Epidemiology of Anterior Cruciate 
Ligament Injuries

Recent studies estimate that between 75,000 and 250,000 
new ACL injuries occur each year in the United States alone, 
with approximately 175,000 resulting in reconstructions; 
and that approximately 1 in every 3,000 persons who prac-
tice sports sustain a ruptured or torn ACL. In the Swedish 
Registry Study (2005–2006) 1 in every 1,500 and in the 
Norwegian data (2004) 1 in 2,900 sports people, sustained an 
ACL injury. These injuries occur more often in the young 
and healthy individuals, as a result of sudden changes of 
speed and direction in the course of sports, without direct 
trauma. These are referred to as non-contact ACL injuries.

The ACL is one of four primary ligaments holding the 
knee, important both for stabilizing and mobilizing this artic-
ulation and ruptures when it is stretched beyond its normal 
range of elasticity, and once the ligament tears, it does not 
heal, but remains loose.

It has become increasingly apparent, as more women 
practice some sports such as soccer and basketball that 
females are at higher risk for non-contact ACL injuries than 
males. Even though the exact reason for this is not yet clear, 
several studies through the last decade point to some factors 
such as differences in anatomy, hormones, strength, or 
conditioning.
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ACL Injury: The Economic Costs

Driven, among others, by the perspective of obtaining ben-
efits from athletic participation, such as scholarships, sports 
practice in the female gender rose considerably in the last 
30 years. In the USA, in 1972, only 1 out of 27 girls partici-
pated in high school sports, being less than 300,000 nation-
wide. By 2002 this proportion rose to 1 out of 2.5, with 
nearly 3 million girls practicing high school sports nation-
wide. The same happened in college sports, with the 
 proportion of female versus male college athletes increas-
ing from 2% to 43% in the same time frame. This dramatic 
increase in participation in jumping and cutting sports 
 coupled with the higher risk of ACL injury in females, has 
led to a concomitant rise in ACL injuries. Many of these 
injuries require surgical and/or rehabilitative intervention, 
with the financial burden of ACL injuries in females 
approaching $650 million annually for the secondary and 
collegiate levels (Myer, Ford and Hewet 2004). However, it 
is estimated that less than $10 million of federal funds were 
awarded for research and prevention of ACL injury, in the 
same period.

In a European study, with data derived from 2003 Sports 
Insurance Statistics, with the objective of determining the 
injury rate (%) and the associated direct and indirect medical 
costs of sports injuries in Flanders, ACL injuries had the 
highest direct medical cost – 1,358 € per injury [8].

ACL Injuries and Soccer

In soccer, ACL injuries have an important role. They are one 
of the top five injuries, the other four being ankle and ham-
string sprains, knee cartilage tears, and hernias of the abdom-
inal wall.

In a recent prospective study it was found that in one soc-
cer season, the incidence of acute injuries in Norwegian elite 
female soccer players was 23.6 per 1,000 game hours and 3.1 
per 1,000 training hours. The type and location of the inju-
ries were similar to other reports both in female and men 
soccer, but there were more serious knee injuries compared 
to men [8].

It is a fact that female soccer has become increasingly 
popular during the last three decades. According to the 
International Football Association (FIFA), in 2009, there are 
approximately 40 million registered female soccer players in 
the world (in a total estimated 265 million active soccer play-
ers) [8]. Three studies in elite soccer have shown an injury 
incidence during games ranging from 1.26 to 2.33 injuries 
per 1,000 h.

ACL average injuries on a soccer team, in percentage of 
all injuries, are 1.3% for males, and 3.7% for females [8].

Are Women Really at Risk?

Scotland seems to be the first country in the world to encour-
age women to play football. In the eighteenth century foot-
ball was linked to local marriage customs in the Highlands 
(Fig. 1). Single women would play football games against 
married women. Single men would watch these games and 
use the evidence of their “footballing” ability in selecting 
their prospective brides. Later on, already on the second half 
of the twentieth century, prevention warm-up began between 
sports women (Fig. 2).

The incidence of ACL injuries in the sporting population 
has been estimated from a variety of sources, including data 
on surgical reconstructions, such as the three national 
Scandinavian ACL surgical registries (Norway 2004, 
Denmark 2005 and Sweden 2006). When looking at a pos-
sible difference between sexes, in 2005/2006, the Swedish 
Registry found a higher proportion of both primary and revi-
sion of ACL surgical reconstructions in men than in women. 
In all the studies we have come upon, women have higher 
rates of ACL injury than men. As early as the 1990s, higher 
rates of injuries to the ACL in women versus men have been 
observed. For the age group of 14–18 years the rates are 
approximately 4:1 in basketball and 2:1 in soccer. The ratio 
of male to female injuries decreases slightly at the college 
level and approximates one at the professional level. This 
suggests that the rate of ACL injuries decreases as female 
athletes mature and the level of play increases.

Fig. 1 In the eighteenth century women football seems to be born in 
Scotland
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Injury Factors

Understanding the underlying causes of one of the most severe 
sports related knee injury (ACL rupture), is important for 
identifying those at increased risk of injury and, once that is 
achieved, for the development of intervention strategies. 
Thinking of athletes profile, nature of practice and injury inci-
dence, there has been much research trying to document the 
possible causes of this increased incidence of ACL ruptures.

The risk factors for ACL injury have been considered as 
either internal or external.

External Risk Factors

It has been suggested that athletes are at a higher risk of suf-
fering an ACL injury during a game than during practice [15]. 
As for footwear and playing surfaces, the increase of trac-
tion by the increase of the friction coefficient between the 
sports shoe and the playing surface may improve perfor-
mance, but it may also increase the risk for ACL injury. 
Authors associate the higher number of cleats in boots with 
an associated higher torsion resistance at the foot-turf inter-
face [12]; and the artificial floors with a higher torsion resis-
tance at the foot-floor interface [15], both associated with a 
higher risk for ACL injury in the female, without a parallel 
in the male athletes.

In a more recent study about playing surfaces the authors 
came to the conclusion that the number of ACL injuries suf-
fered by football players on natural grass or on AstroTurf® 
(an international brand of synthetic grass) is nearly the same [9].

As for protective equipment, functional bracing appears 
to protect the ACL-deficient knee of alpine skiers from 
repeated injury [11]. However the effect of braces on an ACL 
graft is inconclusive given the current information [13].

Meteorological conditions have been recently implicated 
by Orchard et al., in their report that non-contact ACL inju-
ries sustained during Australian football were more common 
during periods of low rainfall and high evaporation. This 
introduces the hypothesis that meteorological conditions 
may have a direct effect on the mechanical interface, or trac-
tion, between the shoe and playing surface, which could have 
a direct effect on the likelihood of an athlete suffering an 
ACL injury [14].

Internal Risk Factors

Internal risk factors can be subdivided into hormonal and 
anatomical factors, the latter including several aspects: lower 
extremity alignment, posture, notch size, ACL properties, 
and posterior tibial slope.

It has been considered that the lower extremity alignment, 
considering all the segments, hip, knee, and ankle, may 

Fig. 2 Prevention warm-up 
begins in the middle of twentieth 
century
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predispose to an increased ACL strain value and therefore 
contribute to a higher ACL injury risk. One of the factors 
pointed by the researchers is the greater angle at the knees 
due to the wider female pelvis compared to men.

The importance of the posterior tibial slopes has recently 
been introduced, but for the time being, there is not a causal 
relationship established between a variation of the lateral 
and/or medial tibial slopes and ACL injury risk.

The dimensions of the intercondylar notch in relation to 
acute ACL injuries have been the most discussed anatomical 
feature in the published literature (Figs. 3 and 4). Despite a 
lack of standardization in the measuring methods, it has been 
verified in a recent study that the notch width of knees with 

bilateral ACL injury is smaller than that of knees with unilat-
eral ACL injury, and notch width of bilateral and unilateral 
knees with injury to the ACL is smaller than notch widths of 
normal controls. This implies a strong association between 
ACL injury and notch width [10]. Trying to understand the 
relationship between a smaller notch size and a higher risk of 
ACL injury, the researchers realized that the ACL is geo-
metrically smaller in women than in men, when normalized 
by body mass index. It has also come to evidence that wom-
en’s ACL has lower tensile linear stiffness, characterized by 
a minor elongation and lower energy absorption at failure 
than men [4, 5].

The identification of sex hormone receptors, as estrogen 
and testosterone, on the human ACL has encouraged studies 
trying to characterize the influence of the hormonal balance 
in the structure, metabolism, and mechanical properties of 
the ligament. However, it has not been identified which or 
how hormones influence ACL’s biomechanics.

As for the variation of the ACL injury risk during the 
menstrual cycle in women, there seems to be a growing con-
sensus in the literature that it varies according to the phase of 
the cycle; being significantly higher during the pre-ovulatory 
phase [2, 18, 21]. As for the influence of oral contraceptives 
in ACL injury risk, to date, there is no conclusive data about 
a protective effect against ACL injury.

Other theories put special attention in muscular imbal-
ances, jump mechanics, and conditioning. The most promis-
ing explanation for the more common ACL tears in females 
seems to involve differences in neuromuscular control, 
namely the athlete’s ability to feel (proprioception) and con-
trol the knee with one’s muscles. Because of anatomical and 
strength differences between the average man and woman, 
females have less stability and upper body control which can 
lead to an awkward fall and hence an ACL injury.

Experimental Studies About  
ACL Injury Mechanism

Although the primary function of the ACL is to restrain the 
anterior translation of the tibia, during single limb landing 
(when many ACL injuries occur), the tibia has been shown to 
actually translate posteriorly because of the inertial forces of the 
upper body coupled with the ground reaction force from the 
deceleration (Fig. 5). Recent data suggests that the combination 
of knee valgus with internal tibial rotation during landing causes 
the ACL to rupture (Fig. 6), not excessive quadriceps contrac-
tion. In addition, upper body positioning has been shown to 
influence the forces at the knee. Studies at the BioMotion Lab 
(Stanford University, Palo Alto, California) have shown that 
when the arms are constrained by holding a ball or stick, the 
peak knee abduction moment increases (Fig. 7) [6, 17].

Fig. 3 ACL reconstruction with notch plasty in a small notch injured 
sports women

Fig. 4 The importance of notch width in ACL injury
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Mechanisms of Non-contact ACL Injury

The deleterious impact of non-contact ACL injuries on the 
athlete’s health and performance has precipitated extensive 
efforts toward their prevention. In particular, recent research 
has focused on identifying underlying neuromuscular con-
trol predictors of ACL injury risk, as such factors are readily 
amenable to training, and in essence, preventable. Neuro-
muscular training programs continue to evolve out of this 
research, which attempt to modify what are considered 
abnormal and potentially hazardous movement strategies. 
The objective is to facilitate more effective prevention meth-
ods that promote successful neuromuscular adaptation 
within individual non-modifiable constraints [16]. Trying to 
develop specific methods for the prevention of sports inju-
ries, various approaches have been used: analysis of video 
recordings of injuries, interviews with injured patients, 
in vivo and cadaver studies and mathematical models, among 
others. As a result, researchers have found that approxi-
mately 80% of ACL injuries are non-contact, occurring 
while landing from a jump, cutting or decelerating. If these 
movements are made awkwardly, for example with the force 
being applied on a single leg with the foot displaced away 
from the body’s mass center, an ACL injury is more likely to 
occur. Some biomechanical aspects like tibial translation, Fig. 5 Combined forces in ACL injury during landing

Fig. 6 Valgus and internal rotation during landing, as a major cause of ACL rupture
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lower extremity valgus (Fig. 8), and low flexion, may also 
increase the risk of injury during such movements. The pre-
viously referred potential women’s neuromuscular imbal-
ance may be related to the injury mechanism by quadriceps 

dominance, probably resulting from significantly inferior 
hamstring recruitment in women.

Fatigue: Understanding to Prevent Injury

Temporal Effects of Neuromuscular Fatigue 
on ACL Injury Risk in Athletes

As we have highlighted, altered or abnormal lower limb  
neuromuscular control during the landing, cutting, and pivot-
ing maneuvers is increasingly suggested as a key risk factor 
of non-contact ACL injury.

Soccer is one of the sports that necessarily requires sus-
tained maximal physical effort, meaning that the players 
fatigue is largely unavoidable. It may be that the cumulative 
fatigue effects throughout a football game increase the likeli-
hood of performing an awkward movement, resulting in an 
ACL injury. Unfortunately, studies regarding that matter are 
not yet available. Recent studies suggest that both neuromus-
cular fatigue and unanticipated movements may by them-
selves contribute to non-contact ACL injury risk.

Can We Really Prevent ACL Injuries?

Aiming to reduce the risk of knee ligamentous injury in general, 
and ACL injury in particular, several prevention programs have 
growingly been reported in the literature, such as the following:

The Vermont ACL Program
The Cincinnati Sportsmetrics Training Program

Peak Knee
Abduction Moment

[%BW’height]

4.0

2.0

0.0

p<0.05

a b c d

Fig. 7 The influence of upper body positioning in landing maneuver and peak knee abduction moment (Courtesy of Chaudhari et al.6)

Fig. 8 Left knee after ACL plasty in female athlete with valgus knee
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The Henning Program
The PEP Program
The Caraffa Program

Most of them try to improve neuromuscular and proprio-
ceptive abilities, altering the dynamic loading of the tibio-
femoral joint. Most of the successful programs share 
important elements such as: stretching and strengthening 
the inferior limb’s muscles, specially the anterior and poste-
rior muscle groups of the thigh (quadriceps and hamstrings) 
and the ankle’s muscles; improving aerobic conditioning 
(to prevent fatigue-related missteps); modifying the usual 
“cutting” or “side-stepping” maneuver from a two-step to a 
three-step motion (so that the knee is never fully extended); 
performing sports that involve running and pivoting with 
the weight forward on metatarsal heads, awareness of the 
high risk positions; proprioceptive and balance training; 
emphasizing soft jump landings (plyometrics); educating 
coaches about the increased risk of ACL injuries in female 
athletes and enhancing the ability of coaches to evaluate 
female athletes’ skills, conditioning, and readiness to par-
ticipate [16].

The Cincinnati Sports Medicine Research and Education 
Foundation Program (Figs. 9 and 10) have over 10 years of 
research showing a decrease in ACL injuries in females to 
males from 6:1 down to 2:1. Not only has the program shown 
to prevent injuries, but it has also shown to increase the ath-
letes’ vertical jump height. To get the most benefit from this 
program, the authors claim that it needs to be done three 
times a week for 6 weeks. The jumps become progressively 
more difficult in an effort to prepare the body for the demands 
of their sport.

The Preventive injury and Enhancement (PEP) Program 
is a highly specific 20-min training session that replaces 

the traditional warm-up. The program’s main focus is 
 educating players on strategies to avoid injury avoiding 
vulnerable positions, and to increase flexibility, strength, 
and proprioception.

In Fig. 10 this athlete, before the PEP program, during a 
cutting maneuver the line (which represents the force trans-
mission through the inferior limb at impact) ran on the 
outer side of the knee joint and totally outside the hip and 
pelvis. After doing the PEP program for 12 weeks, the line 
shifted to the inner side of the knee joint and through the 
pelvis.

In a recent study of Luke et al., female soccer players, 
between 14 and 18 years of age, who underwent the PEP 
Program, consisting of basic warm-up activities, stretching 
techniques for the trunk and lower extremity, strengthening 
exercises, plyometric activities, and soccer-specific agility 
drills, had 88% less ACL injuries in the first year and 74% 
less injuries in the second year.

Caraffa et al., in a prospective controlled study of 600 
soccer players in 40 semiprofessional or amateur teams, 
studied the possible preventive effect of a gradually increas-
ing proprioceptive training on four different types of wobble-
boards during three soccer seasons. Three hundred players 
were instructed to train 20 min per day with five different 
phases of increasing difficulty. A control group of 300 play-
ers from other, comparable teams trained normally and 
received no special balance training. Both groups were 
observed for three whole soccer seasons, and possible ACL 
lesions were diagnosed by clinical examination, KT-1,000 
measurements, magnetic resonance imaging or computed 
tomography, and arthroscopy. The authors found an inci-
dence of 1.15 ACL injuries per team per year in the control 
group and 0.15 injuries per team per year in the propriocep-
tively trained group (p < 0.001). Proprioceptive training can 

a b

Fig. 9 An athlete, before (a) and after (b) being submitted to the Cincinnati SMREF program. Notice the decreased valgus and the higher flexion 
of the knee, after the program
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thus significantly reduce the incidence of ACL injuries in 
soccer players [3].

In another prospective controlled study, by Wolf Petersen 
et al., ten female handball teams (134 players) took part in 
the prevention program which included information about 
injury mechanisms, balance-board exercises, and jump 
training; while ten other teams (142 players) were instructed 
to train as usual. Over one season all injuries were docu-
mented weekly. The results were that in the control group, 
five of all knee injuries were ACL ruptures (incidence: 0.21 
per 1,000 h) in comparison with one in the intervention 
group (incidence: 0.04 per 1,000 h). Odds ratio was 0.17 
with 95% confidence interval of 0.02–1.5. This study pointed 
out that proprioceptive and neuromuscular training is appro-
priate for the prevention of knee and ankle injuries among 
female European team handball players [18]. With this in 
mind, World and European Soccer Associations, and 
Federations, developed special prevention programs includ-
ing proprioceptive and neuromuscular training sessions 
which can be important in the future of ACL injury 
prevention.

In our own experience, on the Portuguese National Soccer 
Team, involving 40 players, and more than 1,000 h of train-
ing sessions and matches, during qualifying, two World cups 
and two European Cups, not one ACL injury occurred, which 

illustrates the importance of the ACL prevention program 
introduced in 2004, as well as the increased approach to the 
athlete’s fatigue condition with instruments such as the 
Omegawave® (Figs. 11 and 12).

Fig. 11 Recording of physiologic parameters concerning the athlete’s 
stage of fatigue, with Omegawave instrument, in the Portuguese 
National Soccer Team

Ground reaction force (line with arrow)
before the athlete performed the PEP
program

Ground reaction force (line with arrow) after
the athlete performed the PEP program for
twelve weeks

a b

Fig. 10 Differences in cutting 
maneuver before (a), and after 
(b), PEP program (with special 
courtesy)
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Conclusions

As a result of the increasingly higher participation of women 
in sports, since the 1970s, namely in soccer and basketball, it 
came to evidence that the female had a higher risk of sustain-
ing ACL injuries than the male, when competing at the same 
level in pre-college, and college sports. The quantified eco-
nomic costs of the ACL injuries, almost exclusively in surgi-
cal reconstruction and rehabilitation, are significantly high, 
not accounting for personal, family and social repercussions, 
and damage. Several studies have tried to establish what 
makes the female more prone to such injury. Today we know 
of several aspects that probably increase ACL injury risk: 
external, including weather, equipment and surface interface; 
and internal, such as knee notch size, inferior limb align-
ment, ACL size and properties, fatigue, and anomalies in 
proprioception, and neuromuscular control. Once the prob-
lems were identified, it became important to establish pro-
grams to decrease the ACL injury incidence. Most of the 
proven successful programs share a number of core elements 
such as aerobic conditioning and plyometric exercises, in 
their attempt to alter the dynamic loading of the tibio- femoral 
joint through neuromuscular and proprioception training.  
It is considered a fact that the success of these programs 
requires the active collaboration of not only athletes and 
coaches but also parents, physicians, sport scientists, and 
governing bodies. For the future, we are left with the con-
tinuous quest of understanding female’s risk factors, in which 
the opening of one door generally leads to a hall with many 
other doors wide shut. It is also important to continue to 

implement preventive programs, involving the governing 
bodies and the scientific community, always promoting 
sports as a way of life, and a fountain of health, both physical 
and emotional.
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Neuromuscular Strategies in ACL  
Injury Prevention

Mario Lamontagne, Mélanie L. Beaulieu, and Giuliano Cerulli 

Introduction/Background

Several thousand knee ligament injuries occur annually in 
high school and university level sports in the USA [14]. 
A study conducted on the general population in New Zealand 
reported that 80% of all knee ligament surgeries are per-
formed on the anterior cruciate ligament (ACL), 58% of 
which occur through a non-contact mechanism [22]. This 
self-inflicted injury usually takes place during a landing, 
sudden cut or deceleration manoeuvre in sport events. The 
most affected individuals are between 15 and 25 years old 
and participate in sports requiring jumping-landing or pivot-
ing [24]. Women are mostly affected; they suffer this injury 
at a rate 2–8 times greater than men [2, 5, 24, 34].

Several risk factors for non-contact ACL injury have been 
identified in the literature. These risk factors are defined as 
extrinsic (body movement, muscle strength, shoe-surface 
interface, skill level and neuromuscular control) and intrinsic 
(joint laxity, limb alignment, femoral notch dimensions and 
ligament size) [5, 16]. The anatomical risk factors, such as 
knee laxity, genu recurvatum and tight iliotibial band, may 
help identify women at risk for ACL injury [26] but more 
evidence is necessary to be able to predict these injuries. The 
extrinsic factors, on the other hand, can be controlled or 
modified. According to Bonci et al. [13], three factors have 
attracted considerable attention from researchers and clini-
cians: anatomy, muscle strength and neuromuscular control. 
However, the predictability of non-contact ACL injury by 
these three factors is still questionable and controversial, and 
thus warrants additional investigation.

Studies have shown that training of dynamic balance and 
strength, stretching, body awareness, as well as core and 
trunk control may reduce the incidence of non-contact ACL 
injury by decreasing landing forces and varus/valgus (adduc-
tion/abduction) moments and by increasing effective muscle 
activation [4, 34], as shown in Fig. 1. Dynamic muscle bal-
ance between the knee flexors and extensors may be critical 
to prevent ACL injury [1]. Furthermore, the dynamic muscle 
balance between medial and lateral compartments of the 
knee joint could also reduce the risk of non-contact ACL 
injuries by reducing the varus/valgus moment at the knee 
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joint [35]. However, the effect of lateral and medial dynamic 
muscle balance needs further investigation. To protect the 
ACL from non-contact injury, the athletes should rely on the 
dynamic stabilisation of the knee more than the static stabili-
sation [25]. Hence, neuromuscular control and propriocep-
tion training programmes that address potential deficits in 
the strength and neuromuscular coordination of the stabilis-
ing muscles around the knee joint may reduce the risk of 
non-contact ACL injury [23, 24].

Weak hamstring/quadriceps co-activation ratio is associ-
ated with the risk of ACL injury [24], and hamstring weak-
ness is associated with poorer knee function after ACL injury 
[1, 30, 37]. Hence, a disruption of the neuromuscular coordi-
nation and muscle balance and strength of the knee joint can 
increase the risk of ACL injury. According to Li and col-
leagues [28], the hamstring muscles are important ACL ago-
nists. Consequently, the use of the hamstring tendon graft 
technique, a surgical practice for ACL reconstruction that 
has been introduced with little evidence [1], may lead to 
impaired muscle function [19, 20] since this approach causes 
an imbalance of knee muscle strength and impairs the 
dynamic knee-joint stabilisation [1].

The in vivo investigations in tissue loading, particularly in 
ligaments and tendons, are essential to gain insight into 
injury mechanism and to prevent tissue damage. Several 
in vivo strain studies on ligaments [10, 15] have provided 

significant insight into the biomechanical function of the 
ACL but have offered limited information when investigat-
ing dynamic motion. Moreover, few investigations have been 
carried out in order to study the in vivo ACL mechanical 
behaviour during dynamic motions such as jumping, quick 
stopping and cutting [11, 15, 29]. Hence, more investigations 
need to address the relationship between the ACL elongation 
and the neuromuscular control of the flexor and extensor 
muscles during dynamic tasks.

The purpose of this paper is to present some more evi-
dence supporting the neuromuscular control of the hamstring 
muscles as a protective mechanism against ACL injury, by 
using in vivo and in situ measurement methods, during cut-
ting and stopping manoeuvres.

Methods

In Vivo Investigations

The in vivo investigation of ACL strain measurement con-
sisted of applying methods similar to those presented in a 
previous paper [15] to study manoeuvres that have been 
shown to be risk factors for ACL injury. This research was 
carried out over a period of 6 years.

Participants

Eight healthy participants (five males and three females) 
from the Medical School at the University of Perugia with no 
previous knee joint injuries were volunteers for the study. 
Only data from the five male participants (mean: age: 
25 years; height: 167 cm; weight: 71.5 kg) are presented in 
this paper. Technical difficulties were encountered while col-
lecting data from the female participants that prevented us 
from obtaining adequate data. We believe that the differential 
variable reluctance transducer (DVRT, MicroStrain Inc., 
Burlington, VT, USA) was too long and bulky to properly fit 
on the female ACL without impinging with the roof of the 
femoral notch.

Preparation of the Participant

Prior to the DVRT implantation, the participant was informed 
of the surgical procedure and the laboratory testing protocol. 
The day before or the morning of the surgery, the participant 
went to the biomechanics laboratory to practise the various 
tasks: stopping on one leg, hopping on one leg and cutting. 
The first task consisted of standing on the non-instrumented 

Fig. 1 Motion, ground reaction forces and muscle activity produced by 
male (left) and female (right) athletes during a typical unanticipated 
cutting manoeuvre. It is shown that female athletes have less control of 
the upper body, thus requiring the generation of a larger adduction 
moment. The female athlete has greater muscle activation than the male 
athlete immediately after initial ground contact. Muscle activation is 
colour coded where blue to red represents low to high intensity, 
respectively
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leg with the instrumented leg slightly flexed at the knee. This 
position prevented the DVRT from impinging with the upper 
medial intercondylar femoral notch. The participant jumped 
about 1.5 m to the target placed at the centre of a force plate 
(Model 4060, Bertec Corp., Columbus, OH, USA), landing 
with the instrumented leg, stopping in the landing position 
and maintaining this position for 2 s. The second task required 
hopping, landing with the instrumented leg and stopping in 
the landing position without touching the right foot to the 
ground for at least 2 s. The third task, a simulation of a cut-
ting manoeuvre, consisted of hopping on the force plate and 
changing direction with the instrumented leg. The partici-
pant was asked to maintain partial knee flexion in the instru-
mented leg (at least 10°) at all times to prevent impingement 
of the DVRT on the condylar notch. The tasks were repeated 
at least three times or until the participant was able to per-
form them comfortably without going into full extension. 
This protocol was repeated the next day with the instru-
mented ACL.

Surgical Procedure

The following day, the DVRT was implanted on the antero-
medial band of the intact ACL under local intra-articular 
anaesthetic. The DVRT was inserted via standard arthroscopic 
knee portals: the antero-medial portal was used for the 
arthroscopic optic device and the antero-lateral portal was 
used to insert the DVRT. The trocar/cannular (10 mm) was 
inserted into the joint space and pressed against the antero-
medial bundle of the ACL by the antero-medial portal. Once 
the trocar was removed, the insertion tool for the DVRT was 
inserted into the cannulae. The DVRT was thus introduced 
into the joint space and aligned with the ligament fibres 
(Fig. 2). Subsequently, the barbed ends of the DVRT were 
inserted into the ligament bundle and fixed in place. The fine 
wires holding the DVRT onto the tool were then released and 
removed, thus leaving the DVRT implanted into the liga-
ment. Before closing the wounds, the DVRT signal was veri-
fied and zeroed. The incisions were then sutured and covered 
with sterile bandages and the limb was wrapped in a sterile 
elastic bandage.

Data Collection

Once instrumented with the DVRT, the participant was trans-
ported to the biomechanics laboratory for data collection. 
The zero strain position of the ACL was determined using an 
anterior-posterior translation force of 140 N during the 
instrumented Lachman test. Four high-speed digital video 
cameras (JVC GR-DVL9600) connected to a PC computer 
equipped with the SIMI Motion system (SIMI Reality Motion 

Systems GmbH, Unterschleissheim, Germany) were posi-
tioned on the same side of the participant’s instrumented leg 
to record all trials. The cameras recorded at a speed of 50 Hz 
and were zoomed to include the instrumented leg in the field 
of view. The calibrated volume was approximately 1.5 × 1.0 
× 0.75 m. The entire collection window was 8 s at 1,000 Hz 
for the electromyography, force plate, and DVRT signals. 
A total of three trials per manoeuvre were collected.

Data Processing

The rectified EMG signals recorded during the three motions 
were synchronised to match the timing of the DVRT, ground 
reaction force and kinematic data. The rectified EMG signals 
collected during the dynamic contractions of the three 
manoeuvres were normalised to the peak EMG signal rec-
orded during the stopping motion. All data were processed 
using SIMI Motion system. Manoeuvres were analysed ten 
frames before heel strike until the participant was immobile 
on the force plate for the stop and hop tasks and until the 
participant stepped off the force plate for the cutting manoeu-
vre. The data from all three trials were ensemble averaged 
over the cycle. Subsequently, the ensemble averaged data of 
all the participants were averaged for each task. Hence, the 
data reported corresponded to the average data of the five 
male participants.

In Situ Investigation

The objective of this in situ investigation was to further elu-
cidate the role of contributing neuromechanical factors to 
non-contact ACL injuries. Specifically, this investigation 

Fig. 2 DVRT implanted on the antero-medial band of the intact ACL
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compared the time-frequency, amplitude and timing of the 
muscle activity, as well as the 3D kinematics and kinetics, of 
the lower limb of female and male athletes performing an 
unanticipated cutting manoeuvre. As the detailed methodo-
logies have been published elsewhere [7, 8], only a brief 
description is presented below.

Participants

A total of 30 elite soccer players volunteered to participate in this 
study – 15 women (age: 21.1 ± 3.6 years; height: 168.3 ± 5.3 cm; 
62.4 ± 4.9 kg; soccer experience: 13.7 ± 4.3 years) and 15 men 
(age: 22.9 ± 3.7 years; height: 178.2 ± 8.0 cm; 75.1 ± 6.7 kg; 
 soccer experience: 15.8 ± 3.3 years). All participants were free 
from any lower extremity injuries at the time of data collection, 
had not suffered any previous knee injury or any serious lower 
limb injury and were right-leg dominant. The female participants 
were tested during the follicular phase of the menstrual cycle for 
the reason that gender-related hormonal differences have been 
speculated to be responsible, in part, for women’s higher suscep-
tibility to non-contact ACL injuries [17, 36, 39]. Informed writ-
ten consent was obtained from all of the athletes prior to their 
inclusion in the study, which was approved by the institute’s 
research ethics committee.

Protocol

For each participant, muscle activity, lower limb motion and 
ground reaction forces were collected for five unanticipated 
cutting manoeuvres. An eight-channel electromyography 
(EMG) system (Bortec AMT-8, Bortec Biomedical Ltd, 
Calgary, AB, Canada) was used to record the muscle activa-
tion patterns of the vastus lateralis (VL), vastus medialis 
(VM), rectus femoris (RF), biceps femoris (BF), semitendi-
nosus (ST), medial gastrocnemius (MG), lateral gastrocne-
mius (LG) and tibialis anterior (TA). A seven-camera passive 
optical motion capture system (Vicon MX, Vicon Motion 
Systems, Oxford, UK) was used to record the participants, 
equipped with numerous retro-reflective markers, perform-
ing the cutting tasks, and to subsequently quantify 3D hip, 
knee and ankle angles. Furthermore, a force platform (Model 
OR6-6-2000, AMTI, Watertown, MA, USA) was used to 
collect ground reaction forces.

The athletes were instructed to perform five successful 
unanticipated cutting manoeuvres. A cutting task was deemed 
successful if the participants approached the force platform 
between 4.0 and 5.0 m/s, stepped completely on the force 
platform with their right foot and changed direction to the 
left at a 45° angle from the line of direction of the approach 
run. In an attempt to create an environment representative of 
a field setting, the cutting manoeuvre was executed in an 

unanticipated manner. As the participants made their 
approach run, they were not aware of which task they were to 
execute until they were 2 m from the force platform where 
they automatically triggered an illuminated target board. The 
target board consisted of three different coloured lights. If an 
orange light appeared, the athletes were to perform the cut-
ting task; at the green light they ran straight through the cap-
ture volume without changing their speed or direction; and 
on the red light, they stopped on the force platform. The 
lights came on in a random sequence.

Data Processing and Analysis

Muscle activation patterns, 3D hip, knee and ankle motion 
and ground reaction forces from five successful unantici-
pated cutting trials were analysed. With regard to muscle 
activity, the timing of onset was determined in relation to the 
initial contact (IC) of the right foot with the force platform. 
In addition, the mean frequency and the total intensity (TI) of 
the EMG signal were obtained by means of a wavelet analy-
sis. The frequency characteristics of the EMG signal repre-
sent the characteristics of the propagation of action potentials 
along the muscle fibres, such as the rate of propagation and 
the number of action potentials propagated, which are deter-
mined by various factors. The total intensity is a close 
approximation of the power in the EMG signal; and the 
power is proportional to the amplitude squared [38]. 
Essentially, the total intensity represents roughly the amount 
of muscle activity. From the total intensity of the EMG sig-
nal, the timing of muscle activity was assessed and compared 
between genders. Furthermore, peak joint angles, as well as 
joint angles measured at IC, were extracted and compared 
between genders. One-way ANOVAs were used to determine 
whether a significant difference exists between genders for 
muscle activation patterns (i.e. mean frequency, TI, timing 
and onset of muscle activity) and lower limb joint motion.

Results and Discussion

Results from our in vivo investigation, during which the male 
participants executed several running-stopping and cutting 
tasks with an instrumented ACL, revealed that the ACL may 
be in a vulnerable state during the cutting manoeuvre, in 
comparison with the running-stopping manoeuvre. As depic-
ted in Fig. 3, the peak elongation of the ACL better coincided 
with the maximum muscle activity of the hamstrings during 
the running-stopping task. This timing is crucial as the ham-
strings are known agonists to the ACL [1]. Activation of this 
muscle group has been found to decrease strain on the ACL 
by decreasing anterior tibial translation with respect to the 
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femur [28]. It is true that, during the running-stopping task, 
the moment in time when the hamstrings are most contracted 
occurs slightly before the moment in time when the ACL is 
most elongated. However, the hamstrings are still very much 
contracted as the ACL reaches maximum elongation. This 
hamstring contraction timing strategy exhibited during the 
running-stopping manoeuvre suggests that the participants 
were better able to protect their ACL. On the other hand, the 
hamstrings are approaching minimum activation when the 
ACL reaches peak elongation during the cutting manoeuvre. 
Hence, the hamstrings may not be contracting enough to pre-
vent excessive lengthening of the ACL during the cutting 
scenario. This indicates that the ACL could be vulnerable 
during a cutting task.

In addition, the timing of the anticipatory muscle cont-
raction of the hamstrings may play an important role in 

preventing excessive ACL elongation. During both 
manoeuvres, the participants anticipated the foot-to-ground 
impact. The participants contracted their hamstrings to a 
peak immediately prior to, and at initial ground contact 
for the stopping and cutting manoeuvres, respectively. 
However, it was only during the stopping task that the 
maximum activation of the hamstrings coincided with the 
maximum ACL elongation. The opposite strategy was dis-
played during the cutting task, during which hamstring 
muscle activity was at a near minimum when ACL elonga-
tion was at its peak.

This ACL vulnerability is a concern, especially in 
females as they are known to suffer non-contact ACL rup-
tures more frequently than their male counterparts [6, 33]. 
A non-contact ACL injury is defined as an ACL injury that 
occurs when there is an absence of contact with another 

Fig. 3 Average ACL elongation and muscle activity of the hamstrings, measured as a percentage of the maximum value, during run-stop and cutting 
manoeuvres. The vertical lines represent the timing of the initial ground contact (IC) and the maximum vertical ground reaction force (GRF

MAX
)
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athlete or object. Most often, this type of injury occurs dur-
ing a sudden change in direction, deceleration or landing 
[12, 27, 34].

Results from our in situ investigation [7] revealed that the 
female athletes used a strategy to perform the unanticipated 
cutting manoeuvre that may be leaving their ACL in a more 
vulnerable state, in comparison with the male athletes. At the 
time when non-contact ACL injuries have been found to 
occur (between 17 and 50 ms after initial ground contact 
[27]), the female participants displayed a reduction in mean 
frequency components of the biceps femoris – a phenome-
non that was not observed in the male participants (Fig. 4 – 
Mean Frequency). During this same time period, both groups 
also experienced a reduction in the number of active motor 
units, which is illustrated by the reduction in total intensity 

(Fig. 4 – Total Intensity) given that the total intensity closely 
represents the amount of muscle activity and that muscle 
activity is the summation of the action potential of several 
motor units. These results suggest that, in the female ath-
letes’ biceps femoris, there may have been a decrease in the 
number of active motor units that contribute to high frequen-
cies. On the other hand, the male athletes, who maintained 
high frequency components (i.e. high mean frequency), may 
have experienced a reduction in the number of active motor 
units with slower constituent firing rates. Since these physi-
ological responses (i.e. number of active motor units and 
their firing rates) were not directly measured, we can only 
speculate on the causes of the changes that occurred in the 
EMG signal’s frequency and intensity. Nevertheless, a reduc-
tion in higher frequency components of the biceps femoris’ 

Fig. 4 Average EMG mean frequency (left column) and TI (right col-
umn) of the hamstrings during an unanticipated cutting manoeuvre per-
formed by female and male elite soccer players. The total intensity is 
reported in relation to the maximum total intensity (TI/TI

MAX
). The verti-

cal lines represent the timing of the initial ground contact (IC) and the 
maximum vertical ground reaction force (GRF

MAX
). The grey shadings 

represent the time window during which non-contact ACL injuries were 
found to occur [27] (Adapted, with permission, from Beaulieu et al. [4])
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EMG signal could reduce its effectiveness to stabilise the 
knee joint during rapid deceleration tasks such as the unan-
ticipated cutting manoeuvre. As a result, the female ACL 
could be in a more vulnerable state given that the hamstrings 
are agonists to this knee ligament.

Furthermore, the bicep femoris’ total intensity, which 
again, closely represents the amount of muscle activity, 
peaked closer in time to the peak ground reaction force 
(Fig. 4 – Total Intensity) in men where our in vivo investiga-
tion revealed that the ACL’s length was at its maximum 
(Fig. 3) and when non-contact ACL injuries were found to 
occur [27]. These muscle activity patterns exhibited by the 
male participants allowed the peak biceps femoris activity to 
better coincide with the peak ACL elongation. As mentioned 
earlier, the ACL is most elongated when the vertical compo-
nent of the ground reaction force is at its peak during a cut-
ting task (Fig. 3). This suggests therefore that the male 
participants of the present study exhibited a muscle activa-
tion timing of their lateral hamstring that may be more pro-
tective to the ACL than the female group. Similar muscle 
activation strategies were found for the medial hamstring 
(i.e. semitendinosus); however, no significant gender differ-
ences were found.

In summary, the female participants displayed a different 
motor unit recruitment strategy during the unanticipated cut-
ting manoeuvre than the male participants, particularly near 
initial ground contact. This strategy resulted in lower fre-
quency components in the EMG signal of the lateral ham-
string, as well as a timing of the peak amount of muscle 
activity that did not coincide with the maximum vertical 
ground reaction force, and thus the moment in time at which 
the ACL is most elongated. When the ACL is in this state, 
hamstring activation becomes critical to knee joint stabilisa-
tion. Hence, the female’s disadvantageous muscle activation 
strategy, in combination with the ACL’s vulnerability during 
a cutting task (found in our in vivo investigations), may be 
detrimental for the female ACL.

It should be noted, however, that the cutting manoeuvre 
performed in this in situ investigation was different in nature 
to that performed in the in vivo investigation. During the in 
situ study, the participants were performing an unanticipated 
cutting task (i.e. they were unaware that they would have to 
perform a cutting task until they were 2 m from the force 
platform, upon which they were to change direction), at a 
higher speed. The participants of the in vivo investigation 
were unable to perform the manoeuvres at higher speed 
because they were required to do so with a displacement 
transducer fixed to their ACL. Hence, this device limited 
their capacity to execute the task at high velocity. Nonetheless, 
in vivo experimentation offered useful information that could 
not have been obtained without direct measurement.

Although the ultimate goal of investigating neuromuscular 
strategies in relation to the ACL and knee stability is 

to prevent debilitating injuries, ACL ruptures do occur; and 
surgical reconstruction of the torn ligament remains the rec-
ommended treatment. The results of our in vivo and in situ 
investigations [7], as well as others [28], support the approach 
of preserving the hamstring muscle group when selecting the 
graft type for ACL repair. As the hamstring muscles assist the 
ACL in limiting anterior tibial displacement, harvesting a 
portion of this muscle group may induce several adverse 
effects, such as decreases in muscle strength, proprioception 
and neuromuscular control [1]. These adverse effects may 
limit one’s ability to return to his/her pre-injury lifestyle. 
In fact, Aglietti and colleagues [3] found that more patients 
that had undergone ACL repair by means of a bone-patellar 
tendon-bone graft (80%) returned to sport participation in 
comparison with patients with a semitendinosus and gracilis 
tendons graft (43%). Although many factors should be con-
sidered before selecting the graft, such as its initial mechani-
cal properties, its healing response, the morbidity of the graft 
harvest and its biological incorporation, the morbidity result-
ing from the retrieval of the graft tissue is a critical factor not 
to be ignored. Nonetheless, much debate persists regarding 
the type of graft that provides the best reinforcement to the 
native ACL [1, 18]. Hence, alternative methods may warrant 
further investigation. Allographs and synthetic ligaments may 
also present several advantages, such as early mobility, 
weight-bearing merely a few days post-operatively, isometric 
exercises immediately after surgery and faster recovery of 
muscle strength as the musculature surrounding the knee joint 
remains intact.

Conclusions

In vivo experimentation yielded useful information that 
could not have been obtained without direct measurement. 
We discovered the timing of the ACL’s peak vulnerability, 
which allowed us to determine that the ACL may be in a 
vulnerable state during a cutting task, in comparison with a 
running-stopping task. Furthermore, women may be at an 
even greater risk of non-contact ACL injury when they per-
form the cutting manoeuvre as they displayed motor unit 
activation strategies that leave the ACL at greater risk of 
injury than men. Lower frequency components were mea-
sured in the EMG signal of the female lateral hamstring, as 
well as a timing that resulted in minimal hamstrings activa-
tion when the ACL was most elongated. Consequently, 
 neuromuscular coordination may play a role in injury 
 prevention. Specifically, the anticipatory muscle contraction 
of the hamstrings, among other muscle groups, may play an 
important role in protecting the ACL against excessive 
 elongation. These muscle contractions occurring before 
 initial ground contact are critical components of the strategy 
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to position the lower limb in such a way that knee stability is 
achieved upon this foot-to-ground contact [32].

Furthermore, it is also imperative that muscle balance 
between the knee flexors and extensors, as well as between 
the medial and lateral portions of each of these muscle groups 
(i.e. medial and lateral vastii; medial and lateral hamstrings), 
are preserved to protect the ACL, as the literature shows that 
this strategy is crucial to achieve dynamic knee joint stability 
[8, 9, 35]. Nevertheless, specific neuromuscular control, pro-
prioceptive and motor control factors associated with ACL 
injuries must be further investigated to better understand the 
mechanisms of non-contact ACL injury in order to develop 
effective injury prevention programmes. When an ACL rup-
ture does occur, however, surgical reconstruction of the torn 
ligament is the recommended treatment that will allow the 
patient to return to an activity level comparable to that of pre-
injury. The treatment for a ruptured ACL has evolved over 
the last decade, and so has the graft from which to choose to 
repair the ligament. Currently, there is no consensus as to 
which graft provides the best dynamic stability to the knee 
joint. Although, some studies [21, 31] support the use of the 
hamstrings as a graft type for ACL repair, recent investiga-
tions [1, 20] question its use to enable adequate dynamic 
knee stability, especially during sport tasks such as the cut-
ting manoeuvre. Consequently, further studies are needed to 
better understand the mechanisms of non-contact ACL 
injury, as well as to select the best graft for ACL reconstruc-
tion that will allow for functional knee stability.
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Anterior Cruciate Ligament Injured Copers  
and Noncopers: A Differential Response to Injury

Yonatan Kaplan

Aims

1. To review the dilemma whether ACL-injured individuals 
need to undergo Anterior cruciate ligament reconstruction 
(ACLR) or not.

2. To highlight the current research regarding the reliability 
of a treatment algorithm and screening examination in 
order to detect Anterior cruciate ligament deficient 
(ACLD) copers and noncopers.

3. To explore the terms “copers,” and “noncopers,” as well 
as to review the researched evidence that has exposed the 
differences between them.

4. To present the available evidence regarding the question 
of whether potential copers and noncopers can undergo 
rehabilitation in order to be reclassified as true copers and 
therefore avoid reconstruction surgery.

Background

ACL rupture is the most common cause of acute, traumatic 
hemarthrosis of the knee, an isolated rupture found in about 
38% of individuals with acute knee hemarthrosis [19]. 
Continued high athletic demands after an ACL rupture have 
been reported to eventually lead to meniscal damage, articu-
lar cartilage damage, and degenerative arthritis [37, 44], 
although this has not been clearly demonstrated [31, 38, 42]. 
Two opposing treatment strategies are available to the ACLD 
individual: conservative management and reconstructive sur-
gery [8]. Controversy exists as to which intervention results 
in a superior functional outcome for the ACLD individual. In 
the past, studies have reported poor individual outcomes 
after nonoperative management of ACL injury, further rein-
forcing a bias toward surgical management of this injury 
[1, 3, 20, 26]. Nearly 25 years ago, the well-known rule of 
thirds was proposed for chronic ACL injuries treated with 
rehabilitation [37]. It stated that one third of the individuals 
can resume previous recreational activities without recon-
struction, one third can manage without reconstruction by 
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modifying/lowering their activity level, and one third would 
require reconstruction because of recurrent “giving-way” 
episodes even in activities of daily living. Despite thousands 
of published articles about ACL injuries as well as the grow-
ing and widespread use of ACL reconstruction, the benefit 
(both efficacy and cost-effectiveness) of ACLR still needs to 
be established [2, 43]. In 2005, a Cochrane review on the 
subject was published by a Finnish group [28]. They con-
cluded that there was insufficient evidence from randomized 
trials to determine whether surgery or conservative manage-
ment was best for ACL injury in the 1980s, and no evidence 
to inform current practice. A more recent systematic review 
explored the prognosis of conservatively managed ACL 
injury [34]. The authors concluded that on average, individu-
als with mixed or isolated ACLD knees reported good knee 
function (87/100 Lysholm knee scale) at a follow-up dura-
tion of 12–66 months. On average, functional performance 
assessed with the hop-for-distance test, was in the normal 
range. From preinjury to follow-up, there was a reduction in 
Tegner activity level of 21.3%. According to the methods 
used in the assessed studies, conservatively managed ACLD 
knees have a good short- to mid-term prognosis in terms of 
self-reported knee function and functional performance. 
However, individuals reduced their activity levels on average 
by 21% following injury.

There are very few randomized or quasi-randomized stud-
ies that address the basic question as to whether ACL rup-
tures should be operated on or not. Despite this, the vast 
majority of orthopedic surgeons in the United States (where 
over 100,000 ACLRs are done annually) advocate early sur-
gical intervention when managing patients with ACL rup-
ture, who wish to resume high-level sports activities [30]. 
This practice pattern is influenced by ready access to surgical 
facilities, widespread private health insurance coverage of 
ACLR procedures, high return to sport rates after surgery, 
and the assumption that knee instability is an inevitable con-
sequence of resumption of jumping, cutting, and pivoting 
sports after ACL injury [24]. Nevertheless, there is no evi-
dence to date that clearly establishes that noncopers (see 
below) following an ACL injury, should be excluded as reha-
bilitation candidates [32].Despite the above, a closer look at 
the literature regarding the sports population reveals an inter-
esting picture. At a 6–11 year follow-up, it was shown that 
20 out of 22 (91%) competitive handball players treated 
without reconstruction were capable of returning to their pre-
injury activity level, compared with 33 out of 57 (58%) in the 
reconstructed group [11]. In a group of 38 former college or 
high school athletes with chronic ACL injury, a low rate of 
functional limitations was reported [48]. In a review of 
 follow-up studies on the treatment of ACL injuries, return to 
preinjury activity level ranged from 8% to 82% in patients 
undergoing reconstruction, and from 19% to 82% in injured 
patients without reconstruction [35]. No consensus exists on 

objective criteria to decide when, or if at all, an individual 
should return to high-level sports after ACLR or nonopera-
tive treatment [32]. Therefore, the benefit of early ACLR to 
regain the desired activity level and contribute to subjective 
well being, as well as reducing the risk of osteoarthritis (OA), 
is thus not obvious. It seems apparent from the literature that 
the primary indication for ACL-injured subjects to go through 
ACLR is to restore knee stability and enable the subjects to 
return to the desired activity level [17, 18]. However, no 
studies have shown that ACLR actually restores dynamic 
knee stability or enables full return to preinjury activity level 
in most individuals [13, 45].

The Screening Examination

ACL injury has deleterious effects on knee muscle function, 
knee kinematics, and proprioception [27]. While the major-
ity of individuals with ACLD lack dynamic knee stability, 
some of the unoperated individuals seem to have the ability 
to dynamically stabilize their knee even during pivoting 
sports activities [6, 14, 24, 36]. These individuals may be 
defined as “copers” and are able to resume all preinjury 
activities, including sports, without experiencing further epi-
sodes of knee giving-way [40, 46]. Numerous researchers 
have added their own additions to this basic definition. The 
Delaware group stipulated this situation must continue to at 
least 1 year after ACL injury [22], whilst a Swedish group 
further added that the copers must be able to return to func-
tion at a high level (Level I sports [9, 12]) at least weekly 
after injury, without complaint of instability [14, 24, 30]. 
Noncopers on the other hand have been defined as individu-
als who had either not returned to their previous activity level 
and/or had experienced giving-way episodes on resumption 
of preinjury activities [11, 32, 40, 41, 46]. There is a third 
category, described as “adapters” [10]. These individuals 
have been defined as those who demonstrate more than 3 mm 
of difference in side-to-side laxity at initial examination but 
cope with their injuries without ligament surgery. Adapters 
represent the vast majority of ACLD individuals who are 
managed nonoperatively and are those who are able to avoid 
evoking episodes of instability by modifying their activity 
levels [33]. Knowing that some individuals will manage well 
without an ACLR, a significant obstacle in the management 
of patients with ACL injury is the development of an algo-
rithm or screening examination that effectively discriminates 
soon after injury between copers and noncopers [22]. The 
intention behind the development of a screening examination 
is essentially to create a tool that can identify which indi-
viduals with an ACLD knee early after injury have the poten-
tial of returning to preinjury activity level for a limited period 
[15].The question arises whether this examination is 
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sensitive enough to detect these individuals. The author 
found three published papers in the literature that attempted 
to use an algorithm and screening examination involving 
ACL-injured individuals over varying periods. The first is 
from a Swedish group, [27] who followed 200 ACL-injured 
individuals over a 15 year period and reported on the unilat-
eral non-reconstructed individuals following this period 
(Fig. 1). Their main hypothesis was that good knee function 
and a satisfactory activity level could be achieved by early 
activity modification and neuromuscular rehabilitation, 
thereby limiting the need for reconstruction.

Their principal findings were, that good subjective results 
and a satisfactory activity level can be achieved in the major-
ity of the patients, limiting the need for ACL reconstruction 
to only 23%. The results achieved using their specific 

treatment algorithm are similar to those presented in studies 
of surgically treated individuals, both at medium and long-
term follow-up [29, 47]. Early activity modification, neuro-
muscular rehabilitation, and a gradual return, resulted in 
good knee function and an acceptable activity level. App-
roximately 60% of the patients could resume preinjury activ-
ity level within 3 years of injury and an additional 12% 
decreased their activities by just one level. They concluded 
that since a high proportion of patients can cope without 
reconstructive surgery, it is better to adopt a restrictive atti-
tude toward early reconstruction.

The Delaware group [22] published a 10-year prospective 
study involving by far the largest group (832) of highly active 
individuals with subacute ACL tears. Their main objective 
was to utilize a treatment algorithm and screening 

All diagnosed
ACL tears 1985–
1989 (n = 200)

Not
included in
the study

Tegner 10 (n = 5 approx.),
explicit wish for
reconstruction (n = 3),
ect. (for details see text)

Year 0

Year 3

Year 15

100 ACL
tears
included

Unilateral nonreconstructed
ACL tear at 3 years

n = 87

11
excluded

16
excluded

n = 8
reconstructed

n = 13
reconstructed

n = 3
bilateral tears

n = 3
bilateral tears

Lost to follow-up
n = 6

Unilateral nonreconstructed
ACL tear at 15 years

n = 67

Fig. 1 Flow chart showing patient’s movement through the study (Reprinted with permission of Kostogiannis et al. [27]. Copyright Clearance LN: 
2197461388813)
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examination to guide individual management and determine 
potential for highly active individuals to succeed with nonop-
erative care. Concomitant injury, unresolved impairments, and 
a screening examination were used as criteria to guide man-
agement and classify individuals as noncopers (poor potential) 
or potential copers (good potential) for nonoperative care 
(Fig. 2). The individuals who met all inclusion criteria com-
pleted the screening examination a mean of 6 weeks after 
injury. Potential copers were classified as individuals who 
met all of the following criteria at the screening examination: 
(1) hop test index of 80% or more for the timed 6-m hop test, 
(2) Knee Outcome Survey-Activities of Daily Living Scale 
(KOS-ADLS) score of 80% or greater, (3) global rating of 
knee function of 60 or greater, and (4) no more than one epi-
sode of giving-way since the injury [14]. Potential noncopers 
were classified as those who did not fulfill the above criteria.

There were 199 (58%) subjects who were classi-
fied as noncopers and 146 (42%) as potential copers. 

On completion of the study, only 25 (39%) of those who 
returned to sports, did not undergo surgical reconstruction. 
The final figures show that 89% (308/345) of the initial 
group were known to have gone on to surgery, where as 
only 7% (25/345) did not. The other 4% were lost to fol-
low-up. They concluded that their classification algorithm 
is an effective tool for prospectively identifying individ-
uals early after ACL injury who want to pursue nonop-
erative care or must delay surgical intervention and have 
good potential to do so. 72% of the potential copers who 
elected nonoperative management, were able to success-
fully return to preinjury sports activities without further 
episodes of instability or a reduction in functional sta-
tus. 36 (57%) of these had reconstruction. Despite this, 
they strongly encourage all patients identified as potential 
copers who elect nonoperative management, to do so only 
after participating in perturbation-enhanced rehabilitation. 
Their stated intention with development of the screening 

Concomitant Injuries
Bilateral Injury: N = 57

Multiple Ligament: N = 66
Other: N = 25

Chondral Defect/Repairable
Meniscus N = 167

All Patients
N = 832

No Participation
N = 85

Unresolved
Impairments

N = 87

Pre-Screen Rehab
N = 432

SCREENING EXAMINATION
N = 345

All Others
N = 599

PC
N = 146

NC
N = 199

ACLR
N = 53

ACLR
N = 87

ACLR
N = 198

No ACLR
N = 1

ACLR
N = 2

ACLR
N = 5

ACLR
N = 1

ACLR
N = 36

No ACLR
N = 4

No ACLR
N = 25

Lost to F/U
N = 2

ACLR
N = 13

Adapters
N = 5

Pass Full RTS
N = 5

Unknown RTS
N = 2

Fail RTS
N = 13

(6 without rehab)

Lost to F/U
N = 5

Rehab
N = 88

Failed Rehab
N = 5

Pass Rehab
N = 83

MRI

Fig. 2 Treatment and screening examination algorithm outcomes. ACLR ACL reconstruction, f/u follow-up, NC noncoper, PC potential coper, 
Rehab rehabilitation, RTS return to sports (Reprinted with permission of Hurd et al. [22]. Copyright Clearance LN: 2193211155058)
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examination was to identify subjects who might be suc-
cessful with short-term (i.e., 6 months or less) nonopera-
tive management.

The third and final group [33] carried out a 2-year pro-
spective cohort study (Fig. 3) consisting of 125 ACL-injured 
subjects who had participated in level I and II sports [21].

Their screening examination was performed within  
6 months post injury, and consisted of (1) the timed 6-m 
hop test [14] ,(2) the Knee Outcome Survey activities of 
daily living scale (KOS-ADLS) [23], (3) the global rating 
of knee function assessed by a visual analogue scale (VAS) 
[43] and (4) determining the number of episodes of giving-
way since the injury [14]. On analysis, the positive predic-
tive value of classification as a potential coper at the 
screening examination was 60% (95% CI: 41–78%), while 
the negative predictive value of the classification at the 
screening examination was 30% (95% CI: 16–49%). This 
showed that for all elements of the prognostic accuracy pro-
file, the results were not statistically significant, as the 95% 
CIs include the null values for the statistics. The null values 
for sensitivity, specificity, and positive and negative predic-
tive values were all 50%, showing that the level of prognos-
tic accuracy was no different than random chance. The 
screening examination thus had poor predictive value for 
correctly classifying copers and noncopers at the 1-year 
follow-up, bringing into question the use of this screening 
examination to determine who should have surgery post 
ACL injury. Their investigation establishes support for an 
assumption that a significant proportion of potential nonco-
pers have the possibility of regaining dynamic knee stabil-
ity similar to potential copers. One year after the screening 
examination, 60% of the potential copers were true copers 
and at the 1-year follow-up examination, 70% of the 

subjects initially classified as potential noncopers were true 
copers. Individuals who underwent ACLR as well as those 
who followed a conservative rehabilitation program showed 
excellent results on functional questionnaires at the 1-year 
follow-up exam. Their study provided a scientific rationale 
for not excluding potential noncopers from non operative 
treatment.

Copers vs. Noncopers

There are numerous studies that have investigated whether 
differences exist between coper and noncoper populations. 
It has been reported that true copers had significantly less 
knee joint laxity, fewer giving-way episodes, significantly 
higher activity levels, and greater improvement in KOS-
ADLS and IKDC2000 scores compared to true noncopers at 
the 1-year follow-up [32]. Evidence has been provided that 
potential copers identified by the screening examination have 
movement patterns that are consistent with people who have 
more knee stability than noncopers [7]. ACLD copers per-
formed better (P <0.05) than noncopers on all four hop 
tests[11]. Diminished quadriceps control was observed when 
people with ACL deficiency performed static and dynamic 
tasks [49]. The most striking feature of this impaired control 
was failure to turn the quadriceps “off” when performing 
flexion tasks in which the knee extensors are usually “silent.” 
Their findings suggest that quadriceps dyskinesia after ACL 
injury is relatively global. Noncopers exhibit a stiffening 
strategy (i.e., lower sagittal plane knee motion and knee 
moments and higher muscle co-contraction in comparison 

Baseline
n = 125

Follow-up
n = 102

Non-operated
n = 52

ACL reconstructed
n = 50

Return to pre-
injury activity

level
n = 36

Return to pre-
injury activity

level
n = 35

Did not return
to pre-injury
activity level

n = 16

Did not return
to pre-injury
activity level

n = 15

Contralateral ACL injury n = 1
Moved abroad, n = 4
Lost to follow-up, n = 8
ACL reconstruction within one
year prior to follow-up, n = 10

Fig. 3 Flow chart of the subject throughout the study (Reprinted with permission of Moksnes et al. [33])
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with their contralateral limbs and uninjured subjects) to 
maintain knee stability in the absence of ligamentous sup-
port. Conversely, potential copers have movement patterns 
that are intermediate to uninjured individuals and noncopers 
[41].In a recent publication [5], it was shown that at 4 months 
post-injury noncopers had an inferior gait performance com-
pared to copers for kinematics and time-distance variables. 
Laxity measurements have little predictive value in differen-
tiating ACLD copers and noncopers [11, 40, 46]. Interpretation 
of these findings infers that ACLD copers and noncopers 
should therefore have the same probability of instability, a 
factor refuted by the characteristic superior dynamic stability 
evident in copers [40, 41]. It may therefore be concluded that 
static measurements are incapable of predicting the dynamic 
stability of the ACLD patient.

Can Noncopers Become Copers?

The question whether noncopers can become copers has had 
little exposure in the literature and is surely one that merits 
more extensive research. Currently, most noncopers are 
referred for surgery [22, 32], without testing whether it is 
possible to “convert” them into true copers and thus avoiding 
surgical procedure and the lengthy rehabilitation process that 
follows. The first published randomized clinical trial (RCT) 
indicated that noncopers who received perturbation training 
combined with a standard nonoperative ACL rehabilitation 
program reported a greater increase in Lysholm Knee Rating 
Scale scores after training than subjects who received only 
the standard program [4]. In a more recent RCT, comprising 
26 individuals with an acute ACL injury or ruptures of ACL 
grafts, individuals were randomly assigned to either a group 
that received a standard rehabilitation program (standard 
group) or a group that received the standard program aug-
mented with a perturbation training program (perturbation 
group) [16]. Their results lead to the conclusion that aug-
menting nonoperative ACL rehabilitation programs with 
perturbation training techniques enhances the probability of 
a successful return to high-level physical activity by reduc-
ing the risk of continued episodes of giving-way of the knee 
during athletic participation. This allows individuals to main-
tain their functional status for longer periods.

Discussion

If we analyze the number of individuals who went on to have 
ACLR in the three above studies [22, 27, 33], it is strikingly 
evident that surgeons in the United States are far more reluc-
tant to agree to nonoperative care than their European 

counterparts. This fact poses a research problem for those in 
the United States who want to introduce an algorithm or 
screening examination that effectively discriminates soon 
after injury between true copers and noncopers. In the face of 
growing evidence that early-onset knee OA is a risk after 
ACL rupture whether the injury is managed operatively or 
nonoperatively [29, 47], we must ask if surgical intervention 
in an asymptomatic individual has become more habitual 
rather than evidence based. In a review of the literature, it 
was concluded that the role of ACLR in the prevention of 
joint degeneration is far from clear [25]. It seems that the 
resumption of the previous activity level may increase the 
risk of future OA regardless of whether the ACL is recon-
structed or not. [12, 29, 36, 39]. We still do not have the 
optimal clinical tests to correctly assign individuals with an 
ACL tear to the correct treatment early after injury. No single 
knee-measuring tool is sufficient in determining the func-
tional status of the ACLD individual. Consequently, KOS-
Sport, Global Knee Function Rating, hop tests, and 
Quadriceps Index should all be included when assessing 
these patients. The results presented above do in fact indicate 
that a large number of individuals identified as rehabilitation 
candidates using the treatment algorithm and screening 
examination and who elect nonoperative care, are able to 
delay surgery without experiencing further knee instability 
or extending the original knee injury. Individuals with the 
highest preinjury activity level seem to have a higher proba-
bility of not returning to preinjury activity level. The devel-
opment of sufficient knee function in nonoperatively treated 
subjects takes time and the concern exists that excluding 
potential noncopers from nonoperative treatment may in fact 
lead to unnecessary surgery for a number of individuals or 
exclude the potential noncopers from significant preopera-
tive rehabilitation.

Conclusion

There is a need for good quality and well reported RCTs 
evaluating the effectiveness and cost-effectiveness of current 
methods of surgical treatment versus nonsurgical treatment. 
More studies need to be undertaken to see whether in fact 
noncopers at screening examination, may indeed be “con-
verted” to copers by adjusting traditional rehabilitation pro-
tocols and methodologies. There exists the need for long-term 
prospective studies including performance-based functional 
outcomes in order to predict the outcome of treatment deci-
sions and to establish functional criteria in the guidance of 
treatment of ACL-injured individuals. The follow up of such 
trials should be at least 10 years so that the long-term effects 
including degenerative changes can be established. Larger 
outcome studies are necessary to confirm the consequences 
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of long-term nonoperative management in individuals pro-
spectively identified as potential copers. Since a high propor-
tion of patients can cope without reconstructive surgery, it is 
better to adopt a restrictive attitude toward early reconstruc-
tion. It may be proposed that ACL-injured individuals should 
be informed and given the possibility of nonoperative treat-
ment as an alternative to ACL reconstruction, provided that 
they perform well on single-legged hop tests, IKDC 2000, 
and have not experienced giving-way episodes. Surgical 
treatment as opposed to nonsurgical treatment is a complex 
decision. It depends on lower extremity function/dynamic 
stability, on the type and level of sport activities, and the indi-
vidual’s own interest in modifying his/her activity level. For 
those who choose to return to pivoting sports, especially at 
high level, surgery still seems to be the preferred treatment. 
Despite this, there are some, however, even at high level, that 
will do well without surgery. There still remains no wide 
consensus as to how this cohort may accurately be detected. 
This remains the ultimate challenge of future research.
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Prevention of Soccer Injuries

Haluk H. Öztekin 

Introduction

Soccer is the most popular sport in the world, with about 
200 million participants including both sexes and across 
all age groups [18] and carries a certain risk of injury for 
its participants, from 13 to 35 injuries per 1,000 player-
hours of competition [17]. Unfortunately, less is known 
about the prevention, risk factors, mechanisms, injury 
severity of soccer-related injuries and their resulting time 
lost to play while players recover [8, 14]. In addition, no 
consensus exists about study design, data collection, and 
injury definitions in the epidemiological studies of soccer 
injuries to date [14]. Preventive measures in football – just 
like in any other sport – should be based on epidemiologi-
cal research [25].

There is a serious lack of research in this area. Among  
37 soccer-related injury prevention articles, only four arti-
cles are regarding randomized controlled trials (RCTs) 
(Table 1). There is also no consensus on injury prevention 
strategies. As early as 1983, Ekstrand and Gillquist [9] 
showed a significant reduction in the overall number of soc-
cer injuries through a seven-part prevention program. The 
rate of the most common types of soccer injuries, sprains 
and strains to ankles and knees, was reduced significantly. 
However, in more than 20 years, only nine more injury pre-
vention studies have been published regarding soccer, and 
only five of them regarding men players at the senior level. 
Tropp [24] showed that a balance training program or the 
use of orthoses resulted in significantly fewer ankle sprains 
than for a control group. Later, orthoses and proprioceptive 
training were proven useful to prevent ankle and knee inju-
ries, respectively. Finally, Askling et al. [5] and Arnason 
et al. [3] have recently observed a reduction in hamstring 
strains among male players through eccentric strength-
training programs.

Although the incidence and pattern (injury type, localiza-
tion, and severity) of injuries in soccer have been described 
in detail, much less is known about their risk factors. 
Therefore, we do not know which players should be tar-
geted, for instance through specific training programs. 
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The risk of injury seems to be influenced by age, sex, and 
level of play. In addition, a history of previous injury was 
shown to be a significant risk factor for ankle sprains in soc-
cer as early as 1985 [9]. This was recently confirmed by 
Arnason et al. [3] in the largest cohort study from elite soc-
cer to date, in which the main risk factors for the four main 
injury types were previous injury and age. Despite the sci-
entific evidence of their success, these methods recom-
mended in those RCTs are no yet incorporated in the general 
training routine [6]. Obviously, there are big differences in 
opportunities and circumstances of prevention between the 
big professionals and amateur soccer clubs, and there are 
also major differences from country to country. However, 
the final goal should be that general concepts become nearly 
the same in different clubs and different countries and 
become part of the training routine.

Prevention of serious injuries in professional soccer 
players should receive considerable attention. The devel-
opment of effective prevention programs first involves 
collecting detailed information on the injury mechanism 
[1, 14, 26]. Video-based investigations or baseline forms 
[14] may be suitable for recording the mechanism and 
type of injuries, but not for the final diagnosis and time 
lost to play. Recording the true diagnosis and time lost to 
play are also problematic though: recovering original on-
field injury records, harmonizing original injury records 
with the final diagnosis, following-up a player who has 
changed physicians, and crude estimations of the period 
away from play may result in inaccurate data. In most 
studies to date, the diagnoses, time lost to play, and injury 
severity calculations were made by estimations [1, 2, 4, 
13, 16, 17] rather than from medical and on-field playing 
records [14].

Identifying the causes, type of injury, and injury severity 
of injuries in soccer players may influence efforts for preven-
tive strategies [1]. A soccer-specific injury reporting system 
with uniform diagnostic and return-to-play criteria should be 
developed and widely implemented [10, 14]. The Orchard 
OSIFC mode l [22, 23], the Oslo group’s (The Oslo Sports 
Trauma Research Center) video-based model [1, 2], the ICD-
10 coding system, and the UEFA model [14] (Table 2) can be 
used for establishing uniform diagnostic criteria and per-
forming epidemiological studies.

UEFA Model

Before grading the injuries, team physicians should follow 
the rules of UEFA model [14] (Table 2) because of its superi-
ority on reporting soccer injuries in epidemiological studies.

Definition of Injury

A soccer injury was defined as any physical complaint caused 
by soccer that lasted for more than 2 weeks or resulted in 
absence from a subsequent match or training session. Table 3 
summarizes grading of injuries.

Table 1 Randomized controlled trials (RCT) on the prevention of soccer injuries [21]

Authors Study design Players Type of injury Intervention Result

Ekstrand [9] RCT 180 All Multi-component prophylactic 
training program

Significantly less 
injuries

Elias [28] RCT/time series 4,000 Heat exhaustion Preventive measures for heat Injury rate decreased

Caraffa [7] RCT 1,200 ACL Proprioceptive training Sevenfold decrease in 
injury rate

Lehnhard [21] RCT/time series 20 All Strength training Reduction in team 
injury rates

RCT randomized controlled trial, ACL anterior cruciate ligament

Table 2 Checklist for epidemiological studies of football injuries: the 
UEFA model [14]

Study design Prospective cohort study

Exposure factor Individual participation time recorded

Study period One (or several) full football season(s)

Data collection forms Baseline form with anthropometrics
Attendance record (exposure factor)
Injury card (short, one page)

Study manual Including definitions, fictive cases, and 
scenarios

Contact person Medical staff record exposure and injuries

Inclusion/exclusion All players with a first team contract 
included

Definition of injury Time loss from participation, only injuries 
occurring during team activities

Injury severity Based on absence from participation: slight 
(1–3 days), minor (4–7 days), moderate 
(8–28 days), major (>28 days)

Definition of re-injury Identical injury within 2 months

Rehabilitation Player is injured until given clearance by 
medical staff to participate fully in team 
training and match play

Definition of a 
training session

Coach directed physical activities carried 
out with the team

National teams, 
reserve teams

Participation with national teams, reserve 
or youth teams included
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Soccer injuries can happen during training (pre-seasonal 
and seasonal) and during competitions; and predominantly 
affect the ankle and knee as well as the muscles of the thigh 
and calf [17].

The main risk factors are:

1.  Player factors (joint instability, muscle tightness, insuffi-
cient warm-up and stretching, irregular cool down, inad-
equate rehabilitation, lack of proprioceptive training)

2. Equipment (shoes and shin guards)
3. Playing surface (grass vs. artificial turf)
4. Game rules [6]
5. Previous injury
6. Other [27] (e.g., Score celebrations)

The four dominating injury types in soccer are:

1. Sprains to the ankle
2. Sprains to the knee
3. Strains to the hamstrings
4. Strains to the groin

These account for more than 50% of all injuries, and preven-
tion programs for soccer should therefore target these [11].

Prevention Strategies

In the scientific literature on prevention of sports injury, 
there seems to be good evidence for the effectiveness of 
prevention interventions [6, 25]. Because one of the most 
important risk factors for a sports injury is a previous injury, 
prevention should begin as soon as players train or play on 
an organized level.

Prevention strategies should be targeted:

1. Sports participant (host)
2. Potential hazard (agent of injury)
3. Surrounding environment

The prevention program includes general interventions such 
as improvement of:

1. Warm-up and regular cool down
2. Taping of unstable ankles, shin guards
3. Adequate rehabilitation,
4. Promotion of the spirit of fair play

Preventive ankle, knee, groin, and hamstring exercises are 
essential measures for injury prevention.

Table 3 Grading of injuries

Mild Moderate Severe

Absence <1 w >1 w At least 4 w

Complaints >2 w >4 w At least 4 w

w week(s)

Prevention of ankle injuries training [24]:

Weeks 1–2

Balance board Both legs on the board, with arms crossed. Attempt to stand still and maintain the balance

Simlar exercise, but now performed on one leg

Both legs on the board, bouncing a ball alternately with both hands, standing as still as possible 
during the exercise

Both legs on the board, throwing the ball, and catching it

Balance pad One leg on the pad, maintaining balance for 30 s on alternating legs

Jumping exercise-from outside the pad, landing on alternating legs

Weeks 3–5

Balance board Ball juggling performed while standing on one leg

Balance pad Bouncing the ball around the pad while standing on one leg

Calf raise while standing on both legs on the pad

Weeks 6–10

Balance board Soccer-specific exercises, juggling the ball while standing on one leg, also combining both the 
balance board and balance pad, placing the pad on top of the board

Balance pad Closing the eyes while standing on one leg, and other exercises including landing on one or two 
legs while jumping from a box/stairs

Prevention of knee injuries training [7, 20]:

Weeks 1–2

Balance board Both legs on the board, with arms crossed, always keeping the knee-over toe position

Similar exercise, but now performed on one leg

Both legs on the board, bouncing a ball alternately with both hands, standing as still as possible 
during the exercise

Both legs on the board, throwing the ball, and catching it



64 H.H. Öztekin

The Nordic hamstring exercise is performed standing on 
the knees on a soft foundation, slowly lowering the body 
toward the ground using the hamstrings while the feet are 
held by a partner (Figs. 1 and 2). Progression is achieved by 
increasing the initial speed, and eventually having a partner 
push forward.

In the web page of Fédération Internationale de Football 
Association (FIFA) (www.fifa.com), ten sets of exercises 
designed to improve the stability of ankle and knee joints, the 
flexibility and strength of the trunk, hip, and leg muscles, as well 
as to improve coordination, reaction time, and endurance. This 
is called as “F-MARC 11.” The eleventh set is “fair play.”

Regarding dangerous collisions that might happen during 
a soccer game, more specific preventive instruments are 
defined in the literature like facial masks [12]. Special hel-
mets are still being used by some famous goalkeepers. Being 

elbowed by a rival player is another interesting and underap-
preciated soccer injury (Zeren B. Personal communication, 
Karsiyaka, Izmir, Turkey, June 2009) which is preventable 
by “olecranon pads” simply.

Important aspects in the prevention of soccer injury con-
cern also the laws of the game, their observance, and, espe-
cially, the spirit of fair play; a broader view and the involvement 
of other target groups (such as referees, official representa-
tives) would be desirable to make soccer a healthier game. 
Although soccer injuries cannot be prevented completely, it is 
possible to avoid some types and minimize the overall num-
ber and severity.

Prevention of soccer injuries should focus primarily on 
conditioning of the lower extremity in sport-specific activi-
ties. To summarize, prevention should begin as soon as 
players train or play in an organized level.

Balance pad One leg on the pad, maintaining balance for 30 s on alternating legs.

Walk onto the pad, stopping and keeping the balance

Jumping exercise-from outside the pad, landing on alternating legs

Weeks 3–5

Balance board Ball juggling performed while standing on one leg

Two-legged squats, with knee-over-toe position

Balance pad Bouncing the ball around the pad while standing on one leg

Weeks 6–10

Balance board Soccer-specific exercises, juggling the ball while standing on one leg, also combining both the 
balance board and balance pad, placing the pad on top of the board

Balance pad Closing the eyes while standing on one leg, and other exercises including landing on one or two 
legs while jumping from a box/stairs

One-legged squats, and balance exercises while closing the eyes

Floor exercise One-legged jumping on one foot in an imaginary zigzag course

Prevention of groin injuries training [15]:

Warm-up Keeping a ball between the extended legs, pushing the legs together for 15 s, while lying on the 
ground. Repeated 10X. Similar exercise, only difference having the knees flexed and the ball 
between the knees

Transverse abdominal muscles Lie facing the ground, only resting on the forearms and toes in a straight position, contracting 
the abdominal muscles, “forcing the umbilicus inwards.” Performed in 20 s, repeated 5X

Sideways jumping Knee-over-toe position while jumping sideways with arms resting on the hips

Sliding Wearing only socks, slide a leg alternately away and towards the other that is bearing the weight. 
The exercise can be performed both sideways and diagonally for 30–60 s before switching legs

Diagonal walking Exercise described by Holmich [26] performed 5 × 15 s on each leg

Prevention of Hamstring injuries training (Nordic exercises) [19]:

Weeks No. of training sessions per week No. of repetitions

1 1 5 + 5

2 2 6 + 6

3 3 3 × 6 − 8

4 3 3 × 8 − 10

5–10 3 12 + 10 + 8
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Sports Injuries and Proprioception:  
Current Trends and New Horizons

Devrim Akseki, Mehmet Erduran, and Defne Kaya 

Introduction

The role of proprioception has become increasingly clear in 
the etiology, prevention, and treatment of sports injuries.  
It has been generally believed that proprioceptive loss 
increases the incidence of injury but proprioceptive  
rehabilitation decreases that and improves the results of 
treatment [22, 40, 41]. Furthermore, it was also shown that 
sportive performance could be improved by proprioceptive 
rehabilitation in uninjured and injured athletes [23, 35]. 
Recently, there has been significant amount of investigation 
about the importance of proprioception (Fig. 1).

Proprioception has been investigated in different types of 
joint injuries [11, 12, 20, 24, 32]. Most of these studies showed 
that the proprioceptive quality deteriorated following sports 
injuries [23, 32]. Not only acute injuries but also chronic sequels 
of acute injuries and overuse syndromes have been shown to 
lead to diminished proprioception [2, 21, 29]. Although 
decreased level of proprioception has been observed following 
different types of sports injuries, it is not clearly known whether 
injured patients have normal level of proprioception before the 
injury. Muaidi et al. [28] compared the proprioception of the 
Olympic level soccer players with non-athletes and observed 
that highly trained athletes possess enhanced proprioceptive 

D. Akseki ( ) and M. Erduran 
Faculty of Medicine, Department of Orthopaedics  
and Traumatology, Balıkesir University,  
Ça ı  Kampüsü, Balıkesir, Turkey 
e-mail: akseki3@hotmail.com, drmehmeterduran@yahoo.com

D. Kaya 
Faculty of Medicine, Department of Sports Medicine, Hacettepe 
University, Sıhhiye, 06100 Ankara, Turkey 
e-mail: defne@hacettepe.edu.tr

Contents

Introduction ................................................................................. 67

Unknown Issues of Proprioceptive Process .............................. 68
Measurements of Proprioception .................................................. 68

How Proprioception Can Be Improved? ................................... 69

Other Areas for Proprioceptive Researches ............................. 70

References .................................................................................... 70

8000

9000

10000

7000

6000

5000

4000

3000

2000

1000

0
1930
1960

1960
1970

1970
1980

1980
1990

1990
2000

2000
2011

Fig. 1 Numbers of published studies including the word propriocep-
tion in their text as per years



68 D. Akseki et al.

ability. Similar observations were also made by other authors 
in various types of sports [25, 38]. On the other hand, Schmitt 
et al. [37] found no improvement in ankle joint position sense 
after 5 months of ballet training. In our opinion, the design of 
the above-mentioned studies does not permit to clarify whether 
the enhanced proprioceptive ability is due to the training or 
whether it is congenital. This is still an unanswered question 
and prospective studies are needed to answer it. To our knowl-
edge, no study exists in the literature evaluating the propriocep-
tive level before the injury. Fort his purpose, the proprioceptive 
level should be tested first, and then the subjects should be 
monitorized for having an injury by years; when an injury 
occured, the proprioception should be measured again to com-
pare it with the preinjury proprioceptive level. However, the 
normal level of proprioception is not known. We discuss below 
the controversies about the proprioceptive measurements, and 
inexistence of a standard proprioceptive screening method that 
is accurate, sensitive, and reproducible. Because of difficulty in 
planning such a study and existing problems of proprioceptive 
measurements, it does not seem to be possible to compare pre-
injury level of proprioception to post injury level.

Unknown Issues of Proprioceptive Process

Although there are plenty of studies, a lot of unknown mat-
ters exist about the proprioception issue. First of all, the 
mechanism of proprioception is still unknown completely. 
There are a lot of studies investigating the proprioceptive 
process, pathways, underlying mechanisms, and the data 
about the details of the proprioceptive process are increasing. 
But it is still unknown, how many mechanoreceptors are acti-
vated by the external or internal impulses, which pathway(s) 
are activated during the perception and reaction processes. 
Exact roles and effects of visual and vestibular systems, 
amount and physiology of their contribution to a specific 
condition are also unknown. Also the effect of contralateral 
extremity or different portions of the body are still unclear.

Measurements of Proprioception

A lot of measurement methods of proprioception have been 
defined in the literature. Based on these measurements, sci-
entists comment on the proprioceptive status in some spe-
cific conditions. Is the proprioception influenced by braces, 
elastic bandages, surgical or conservative treatments; has the 
increased proprioception decreased the incidence of injury 
and enhanced the sportive performance; the aim is to answer 
these and other questions about proprioception by measuring 
the proprioception with different methods. However, to 

measure the proprioception is difficult and cannot be done 
directly. Thus, the testing conditions are not the same as that 
of the instant of injury. Patients are usually in supine posi-
tion, and their extremity is positioned in a computerized sys-
tem for proprioceptive measurements. Non weight-bearing 
and static positions are not relevant to the injury position in 
the real life. Hence, it is doubtful that the existing measure-
ment techniques and their results can reflect the real status of 
proprioceptive level in injured or uninjured persons.

Another important issue on testing methods of propriocep-
tion is that they are not specific to a tissue, a ligament, cap-
sule, or a joint. For example, during a knee joint evaluation, 
the test results may be influenced by the pathologies of hip 
joint and/or ankle in almost all measurement techniques. Thus 
no test method can evaluate the proprioception separately 
when accompanying lesions are found in the same joint.

According to the above mentioned problems, there are a 
lot of reports having the controversial results in the same 
injury patterns. In our opinion, because of the doubtful valid-
ity of the current measurement techniques some authors 
found unchanged [27] and some increased [19] propriocep-
tive levels in the similar conditions. Thus, incompatibility of 
the measurement methods of proprioception has been 
stressed previously [14], and investigations to find an ideal 
testing method are continuing [3–5, 30].

Because of these above mentioned deficiencies of proprio-
ceptive measurements, we designed some studies investigating 
the effectiveness of new testing methods [3, 4]. While consti-
tuting the hypothesis of the first study, we emphasized the fact 
that patients are usually kept in a supine position or seated in 
equipment like dynamometer in most of the proprioceptive 
measurement techniques. However this position does not reflect 
the symptomatic or traumatic instant in real life. Furthermore, 
awareness of the patient from the amount of pressure in the 
weight-bearing position should be directly related to his prop-
rioceptive ability. Thus we tested the weight bearing sense in 
patients with patellofemoral pain syndrome [3]. Patients were 
instructed to weight bear on a scale until reaching the target 
weight. We selected three different target weights: 10, 20, and 
30 kg. Errors from the target weight were noted and compared 
to healthy controls. Patients with (PFPS) PatelloFemoral Pain 
Syndrome showed significantly increased errors than healthy 
controls [3]. To our knowledge it was the first study testing the 
availability of weight bearing sense for proprioceptive mea-
surement, and we concluded that the new technique presented 
here may be used for proprioception testing [3].

In other two studies, we evaluated the vibration sense as a 
proprioceptive measurement method [4, 9]. Vibration sense 
and related neural pathways seem to be important as well as 
other deep senses for the perception of a motion or position of 
a joint. The trigger point of our study was that the current pro-
prioception measurement methods were not specific to a tissue 
such as anterior cruciate ligament or menisci. We aimed to 
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evaluate the availability of vibration sense as a proprioceptive 
test in patients with a clinical diagnosis of patellofemoral pain 
syndrome and in patients with a medial meniscal tear, in two 
different studies [4, 9]. In the first one, 19 patients with a clini-
cal diagnosis of patellofemoral pain syndrome (PFPS) and ten 
healthy controls were included in the study [4]. Symptomatic 
and non symptomatic knees of the patients and both knees of 
the volunteers were evaluated by the joint position sense (JPS) 
test and perception times of vibration sense (VS) were mea-
sured. A digital goniometer and 128 Hz frequency tuning fork 
were used for the measurements. Perception time of vibration 
was 7.23 ± 1.27 sc for the symptomatic knee of the patients, 
whereas it was 9.08 ± 1.53 sc for contralateral knees (p < 0,05). 
JPS testing also showed deterioration of proprioception in 
accordance with the vibration testing. Similar differences were 
obtained between the pathologic knee and the normal knees of 
healthy controls (p < 0.05). Results of the study showed that 
the perception time of vibration is diminished on symptomatic 
knees of the patients as compared to healthy. We believe that 
these results, may give rise to the thought that vibration sense 
may be used for tissue specific proprioceptive measurement 
[4]. In the second one, the study group consisted of 20 patients 
with isolated medial meniscal lesion and 20 healthy controls 
who had no experience of knee injury or disorder [9]. 
Perception time of vibration (PTV) was measured using a tun-
ing fork with a frequency of 128 Hz (RIESTER®). Medial and 
lateral joint lines were drawn and divided into three parts 
(front, middle, and posterior). Midpoint of each part was 
marked for embedding of the tuning fork. Patients were 
instructed to indicate the time when they no longer percept the 
vibration and the chronometer was stopped at this moment. 
Thus, perception time of vibration (PTV) was obtained.

Preoperative measurements of patient group showed lon-
ger PTV in posterior part of medial joint line in the pathologic 
knee (MP), which are also concordant with the arthroscopi-
cally proved location of the meniscal tear [9]. Mean percep-
tion time of vibration was 13.25 ± 3.46 sc in group I at MP, but 
it was 9.92 ± 2.0, 9.82 ± 2.8, and 9.93 ± 3.0 sc at the same target 
point in normal knee of the patients and left and right knees of 
external control group, respectively (p < 0.01) [9]. This study 
demonstrated that presented technique for measurement of 
perception of vibration was accurate and reliable [9].

How Proprioception Can Be Improved?

This is one of the most commonly asked questions among 
investigators. Many internal and external factors which are 
believed to have a positive effect on proprioception are tested 
in healthy controls and patients with different clinical scenar-
ios. The effect of proprioceptive rehabilitation techniques on 
the performance of an athlete in a specific sport is believed 

to be an attractive research area for scientists [7, 9, 18, 33]. 
Effects of elastic bandages, taping, braces, surgeries, and other 
factors were extensively investigated during last decades. 
Although some promising results were obtained, no clearly 
useful, standard and reproducible technique was developed for 
proprioceptive improvement. The investigations to improve 
the proprioceptive quality still continue, and this is the main 
reason for current efforts. Correlation between proprioception 
and other performance criteria such as muscle strength, bal-
ance, and laxity might be studied more in the coming years 
[23]. In a most recent study, Casadio et al. [8] have investi-
gated the effect of robotic training for proprioception enhance-
ment in stroke patients. They tested some selected tasks with 
a robotic system, by adding the assistive force component [8]. 
According to the obtained results, they suggested that robots 
may be useful in neuromotor rehabilitation by combining the 
repeatable sensorymotor exercises, continuously monitoring 
the actual motor performance and allowing to create new 
and controlled haptic environments in which patients can 
learn to move by only using proprioceptive information [8].

Cameron et al. [6] investigated the effect of neoprene shorts 
on leg proprioception in football players. They found improve-
ment in some parameters of neuromuscular control ability by 
wearing close-fitting neoprene shorts. Their results can be 
concluded that incidence of sports injuries may be reduced by 
wearing some specially designed shorts, sneakers etc.

We investigated the effect of hot application on knee proprio-
ception in healthy controls and in patients with patellofemoral 
pain syndrome, in two different studies [1, 31]. In the first study 
the effect of single dose of hot application on the knee joints of 
the healthy controls was evaluated [31]. The study was con-
ducted on the students of the College of Physical Education and 
Sports. The study group consisted of 14 male and 13 female 
students with a mean age of 22.2 ± 2.5 years (range: from 19 to 
28 years). Proprioceptive level was measured before hot appli-
cation on both knees with the technique of active joint position 
sense using a digital goniometer. Then, with 1 week interval, 
following 10 min of hot application same measurements were 
repeated. Proprioceptive capability significantly improved after 
hot application especially in further flexion angles of the knee. 
Results of the study showed that hot application increases the 
proprioceptive capability of the knee. We concluded that these 
findings should be considered in planning preventive and thera-
peutic strategies for sports injuries [31].

In a complementary fashion, we planned the second study 
that the proprioceptive status was monitored in patients with 
patellofemoral pain syndrome with or without hot applica-
tion during their standard treatment protocol [1]. First group 
patients underwent home exercises only; second group ones 
same exercises plus hot application. Hot was applied three 
times a day, and 20 min for each session. Proven propriocep-
tive deficiency improved better in exercise plus hot applica-
tion than exercise treatment only [1].
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Other Areas for Proprioceptive Researches

Proprioception seems not to be related to only sports injuries. 
It is gradually understood that a lot of body functions are 
directly related to proprioceptive capability. In a recent study, 
it is suggested that proprioception has an important role in 
handwriting [15]. Writing characteristics were quantified by 
using a digital writing tablet with and without visual control 
[15]. According to the results obtained they believed that 
morphological aspects of handwriting need intact proprio-
ception. Kessiby et al. [13] reported the results of propriocep-
tive education for hand orientation in blind subjects. Their 
findings provided the first evidence of an automatic online 
correction mechanism for hand orientation guided only by 
proprioceptive inputs reaching in blind subjects [13]. In 
another study, Horlings et al. [16] investigated the vestibular 
and proprioceptive contributions to human balance correc-
tions. They believed that proprioception is important for 
movement strategies and synergies, whereas vestibular func-
tions are more active in modulation depth [16]. They also 
stressed that proprioceptive loss leads to changes in both 
movement strategies and synergies [16]. In another interest-
ing study reported by London et al. [26], authors tried to 
instruct a behaving monkey by electrical stimulation of prop-
rioceptive cortex. They demonstrated that a monkey can learn 
to detect such stimuli and recognize the frequency of a given 
stimulus, based on memory of previous stimuli [26]. Effect 
of whole body vibration on muscle strength and propriocep-
tion was investigated by Trans et al. [39]. They suggested that 
exposure of vibration exercises on a stable platform yielded 
increased muscle strength and proprioception [39]. Riva et al. 
[34] designed a study for the prevention of muscle atrophy 
and osteoporosis for astronauts by using high frequency pro-
prioception. They pointed out the difficulty in applying active 
exercises during space flights and accordingly occurrence of 
muscle atrophy and osteoporosis [34]. They verified the 
whether an electrical system creating high frequency propri-
oceptive inputs reachable on the earth in microgravity condi-
tions [34]. They postulated that high frequency proprioceptive 
flows could be useful for the prevention and recovery of mus-
cle atrophy and osteoporosis [34]. Effects of proprioceptive 
training were also investigated in musician’s dystonia and 
writer’s cramp [36]. Another interesting report came from 
University of Pittsburg in April 2008. Researchers of this 
university created a human performance research laboratory 
for naval special warfare [17]. Researchers aimed to reduce 
the incidence of preventable musculoskeletal injuries during 
training, combat, and recreation; to enhance force readiness, 
reduce fatigue, and optimize performance; and to prolong the 
operational life [17]. All above mentioned fields of interest 
show that proprioception is not related only to sports injuries. 
Enhancement of knowledge about proprioception seems to 
be useful for many aspects of daily life.
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Rotator Interval

Mehmet Hakan Özsoy and Alp Bayramo lu 

Introduction

Neer in 1970 used the term “rotator interval” to describe the 
space between the supraspinatus and subscapularis tendons 
[10]. Later studies indicated that the rotator interval (RI) is 
an important anatomical entity with a significant role in 
shoulder stability [4, 7, 10, 18, 20]. Furthermore, Rowe and 
Zarins showed the variability in RI size in patients with 
anteroinferior shoulder instability. They reported that failure 
in the anterior stabilization procedures were associated with 
enlarged RI area [17]. Moreover, another function of the 
rotator interval in stabilizing the long head of biceps tendon 
has been described [5]. Recent studies pointed out that RI is 
a dynamic structure of which dimensions vary with the 
movements of the shoulder joint [13, 14].

Functional Anatomy

The RI of the shoulder refers to the interspace between the 
supraspinatus and subscapularis tendons through which 
courses the long head of biceps tendon [5, 12, 16] (Fig. 1). 
The base of this triangle is at the coracoid process medially 
and the transverse humeral ligament forms the apex laterally 
at the intertubercular groove (Fig. 2). The RI contains cora-
cohumeral ligament (CHL) on the bursal side and the 
Superior glenohumeral ligament (SGHL) on the articular 
side. The floor of the RI region is variably bridged by the 
capsule, CHL, SGHL, and occasionally the middle gle-
nohumeral ligament (MGHL) (Fig. 3). The CHL originates 
on the proximal third of the dorsal aspect of the coracoid to 
extend and insert in the greater tuberosity and to a smaller 
amount passing over the biceps tendon to insert in the proxi-
mal aspect of the lesser tuberosity. Distinct bands of the CHL 
span the bicipital groove (Fig. 4).

Laterally, it contains two discrete bands. One of these bands 
blends into the greater tuberosity and the supraspinatus tendon; 
the other merges into the lesser tuberosity, the subscapularis 
tendon, and the transverse humeral ligament on the bicipital 
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groove. Because of this blending the insertion of the CHL often 
cannot be clearly distinguished from other structures [7].

The SGHL originates from the labrum adjacent to the 
supraglenoid tubercle and crosses the inferior surface of 
the RI deep to the CHL and inserts on the superior aspect 
of the lesser tuberosity known as fovea capitis humeri.

The remaining structure of the RI is the long head of the 
biceps tendon, which originates from the superior glenoid labrum 
and supraglenoid tubercle. It traverses along the RI and exits the 
glenohumeral joint capsule through the apex of the RI from an 
anatomical structure known as the biceps pulley. The SGHL, 

CHL, and subscapularis tendon are the essential components of 
the biceps pulley system (Fig. 5). They maintain the anatomic 
position of the biceps tendon within the bicipital groove [5].

The medial sheath of the bicipital groove (medial reflec-
tion of the CHL) consists of SGHL/CHL complex and the 

Fig. 1 Cadaveric dissection. Left shoulder, anterior view. Coracoid 
removed. Long head of the biceps tendon is visualized after removal of 
the rotator interval area

Fig. 2 Diagram of the left shoulder showing the borders of the rotator 
interval area

Fig. 3 Cadaveric dissection. Left shoulder, anterior view. Coracoid 
removed. Superior glenohumeral ligament (SGHL), long head of the 
biceps tendon and occasionally middle glenohumeral ligament (MGHL) 
are found in the rotator interval area

Fig. 4 Cadaveric dissection. Left shoulder, anterior wiev. Coracohumeral 
ligament (CHL) and its anatomic relations with supraspinatus and sub-
scapularis muscles are seen
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insertion of the subscapularis tendon. Together, these struc-
tures contribute to the medial wall of the bicipital sheath. 
The SGHL together with the medial reflection of the CHL 
make up of more robust medial-superior pulley system. 
Lateral wall is formed by the CHL.

The most important structure for prevention of medial 
biceps tendon subluxation is the pulley system or SGHL/
medial CHL complex, not the transverse humeral ligament. 
Cutting the transverse humeral ligament alone does not allow 
for biceps tendon subluxation.

Clinical and biomechanical studies indicated that the rota-
tor interval has importance in the stability and biomechanics of 
shoulder functions by controlling the anteroinferior and poste-
rior translation and also the external rotation of the adducted 
shoulder [1, 4, 6, 7, 9]. The dominance of CHL or SGHL in 
this controlling function still remains controversial [1, 6, 18].

Boardman et al. claimed that CHL had greater stiffness 
and ultimate loads to failure compared to SGHL [1]. Similarly 
Itoi and coworkers suggested that the CHL was the primary 
structure responsible for restricting the inferior translation of 
the shoulder in external rotation [6].

Contrary to this, Warner et al. stated that the primary restraint 
to inferior translation of the adducted shoulder was the SGHL. 
The CHL appeared to have no significant suspensory role [18].

In a recent cadaveric study, Jost et al. distinguished two 
functional components of the rotator interval, a medial part 
consisting of two layers and a lateral part composed of four 
layers. The medial component, the coracohumeral ligament, 
was reported to mainly control inferior translation of the 
adducted arm and to a lesser extent the external rotation. 
However, the lateral component mainly controlled the exter-
nal rotation of the adducted arm [7].

In conclusion, both CHL and SGHL are important struc-
tures in shoulder biomechanics since most surgical interven-
tions consider both ligaments.

Rotator interval area, which does not have rotator cuff 
support, is also important in keeping negative pressure 
within the joint, and a defect significantly increases 
humeral head translation. Studies demonstrated that perfo-
rations in the joint capsule or the rotator interval creates a 
52% increase in the humeral head translation anterior and 
posteriorly, simply by loss of the negative intra-articular 
pressure [12].

Clinical Importance

There is renewed interest in the function of the interval region 
especially the RI defects since a defect in this area has been 
associated with recurrent anteroinferior and multidirectional 
instability. Clinically, in glenohumeral instability cases, 
when the sulcus sign does not disappear with external rota-
tion of the shoulder, a defect in the RI area should be sus-
pected. In general, studies address that a complete RI capsular 
defect should be closed as a part of a stabilization procedure 
especially when inferior translation predominates [2, 4, 11, 
17, 19, 20].

Pathology of the RI can be classified based on different 
issues. Nobuhara and Ikeda reported the RI lesions in two 
types according to its mechanical strength. In type I, the RI 
is contracted and the superficial tissues are affected primar-
ily. When the rotator interval and the CHL are contracted the 
motion of the glenohumeral joint is evidently restricted [11]. 
In type II, the RI is lax accompanying with glenohumeral 
instability. Type II lesions are thought to involve basically 
the deeper structures of the RI.

RI laxity, in contributing to shoulder instability, was 
shown with magnetic resonance imaging (MRI) correlation 
in a study by Kim et al. [8].

Clinical studies reported that suture plication or imbrication 
in superoinferior direction resulted in better functional out-
comes in glenohumeral instability operations [3, 15]. Nobuhara 
and Ikeda reported 76 of 106 shoulders (101 patients) treated 
with open RI repair for instability. Of those cases 40% had 
complete pain relief, 56% had pain only with overuse of the 
shoulder. Seventy percent of them were able to return to nor-
mal activities of daily life whereas three patients had persistent 
and clinically significant shoulder instability [11].

Wolf et al. reported that, RI closure decreased anterior 
(17%), posterior (15%), and inferior (25%) translations [19]. 
Similarly the study of Yamamato et al. revealed that, RI clo-
sure between SGHL/MGHL and SGHL/SSC reduced ante-
rior translation in the adducted shoulder. Furthermore, SGHL/
MGHL closure reduced anterior translation in abduction-
external rotation and posterior translation in adduction [20]. 

SGHL
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Fig. 5 Diagram showing the components of the biceps pulley. Superior 
glenohumeral ligament (SGHL), subscapularis tendon and the medial 
band of the coracohumeral ligament (CHL) forms the medial part of the 
biceps pulley system which is the most important structure maintaining 
the anatomic position of the biceps tendon within the bicipital groove
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However, Plausinis et al. reported that, although RI closure 
reduced the anteroinferior translation of the adducted shoul-
der it had no effect on posterior translation [15]. Similarly, 
Molonge claimed that interval closure had no effect on pos-
terior stability. In conclusion, although the effects of the RI 
closure remain controversial, there is agreement that it 
decreases translation of the shoulder in anterior and inferior 
directions [9]. However, its effect on the posterior translation 
is questionable.

Although RI closure decreased the instability it might 
result in postoperative loss in external rotation of the oper-
ated shoulder. Molonge reported that there is 14.3° loss in 
external rotation in adduction [9]. Similarly Plausinis et al. 
and Field et al. reported 10°–15° loss in external rotation 
postoperatively [2, 15].

The rotator interval was reported to be a dynamic struc-
ture, the dimensions of which change with shoulder rotation, 
with the interval opening up (tightens) with external and 
closing down (loosens) with internal rotation [13, 14]. 
Harryman et al. also mentioned that abduction and IR relaxed 
the interval capsule [4].

In cadaveric studies, Plancher et al. and Ozsoy et al. reported 
that the RI closes down (loosens) with internal rotation and 
opens up (tightens) with external rotation in the adducted 
shoulder [13, 14] (Fig. 6a, b). Furthermore, Ozsoy et al. 
reported that, abduction relaxed the interval capsule and con-
cluded that, repairing the RI in internal rotation or in abduction 
may cause overtightening and might limit postoperative exter-
nal rotation of the patient [13] (Fig. 6c). In order not to have 
postoperative ER restriction, plication should be made in exter-
nal rotation in adducted shoulder (beach chair position) or one 
should be cautious to decrease the degree of shoulder abduc-
tion in addition to holding it in external rotation when perform-
ing the operation in lateral decubitus position [13, 16].

RI lesions of the shoulder remain a controversial issue in 
shoulder instability. Surgical treatment of the RI may be 
indicated in a selected group of instability procedures; how-
ever, the evidence for routine treatment is indefinite.
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Pathology of Rotator Cuff Tears

Achilleas Boutsiadis, Dimitrios Karataglis, and Pericles Papadopoulos 

Introduction

Rotator cuff injuries are common, especially above the age of 
60 and have an effect not only on shoulder function but also 
on the overall health status and quality of life of the patients 
[28]. Codman first attempted to describe rotator cuff tear 
pathology in 1934 [8]. Since then many theories have been 
proposed in order to explain the underlying pathology and 
efforts have been made to define the predicting factors leading 
to rotator cuff tears. During the last decades the factors con-
tributing to this complicated disease have been teamed into 
two major categories: the extrinsic and the intrinsic factors.

Extrinsic factors actually involve anatomic and demo-
graphic variables that predispose to supraspinatus tears, while 
intrinsic factors include pathologic and degenerative changes 
into the substance of the tendon and the muscle itself.

Nowadays, it is thought that in most cases both extrinsic 
and intrinsic factors play a significant role in rotator cuff 
pathology. Despite the progress of molecular biology, many 
issues concerning the pathogenesis of this disease remain 
unknown and have not been fully understood to date.

Pathology of Rotator Cuff Tearing

Extrinsic Factors

Impingement and Acromial Shape

In 1987, Neer et al. [31], after intraoperative observation of 400 
patients, suggested that the impingement of the tendon to the 
anterior third of the acromion is responsible for 95% of tears. 
This hypothesis was emphasized by observations from Bigliani 
et al. [4] that the degree of impingement was dependent on the 
acromial shape. They demonstrated that the shape of the acro-
mion varied in the sagittal plane and proposed three types for 
it: Type I (flat), Type II (curved), and Type III (hooked acro-
mion). Additionally, a positive correlation was found between 
the type of the acromion and the presence of rotator cuff tear, 
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with Type III having the worst influence on unobstructed ten-
don movement in the subacromial space [4, 25, 42]. In the 
early 1990s Neer’s hypothesis gained universal acceptance and 
either open or arthroscopic subacromial decompression was 
established as a very successful means for relieving shoulder 
pain associated with cuff pathology.

However, subsequent studies suggested that Type II and III 
acromions were not congenital [35, 44]. Furthermore, progres-
sion from Type I to Type III acromion was found to be related 
to age [42]. Traction forces applied from the coracoacromial 
ligament to the anterior third of the acromion appear to lead to 
the formation of a spur at this area [35]. Additionally, many 
researchers found that subacromial decompression alone did 
not always guarantee pain relief for the patients [10, 17].

Nowadays, it is well documented that rotator cuff tears 
usually start on the articular side and not from the bursal 
side, which renders pure impingement of the rotator cuff 
leading to attritional changes rather unlikely. It is still thought 
that impingement on the traction related acromial spur may 
indirectly contribute to rotator cuff pathology, but its 
“mechanical” role is not believed to be as important as was 
thought before [19].

Demographic Factors

A number of demographic variables are also included in 
extrinsic factors. However, most demographic factors have 
been poorly investigated, and little quality data is available.

The association between hand dominance, mechanical 
overuse, and rotator cuff pathology is relatively well docu-
mented. Yamaguchi et al. [43] stated that tears are often more 
symptomatic in the dominant than in the nondominant arm. 
However, 36% of those with a symptomatic full-thickness 
tear had a co-existing asymptomatic full-thickness tear in the 
contralateral nondominant side. In addition, ultrasonographic 
investigation revealed the likelihood of this rising to 50% in 
patients older than 60 years old [43].

Another demographic parameter with negative influence 
on rotator cuff integrity is smoking. Recently, Baumgarten 
et al. observed in humans a strong association between smok-
ing and rotator cuff disease. It is very important to note that 
supraspinatus tears appear to have a dose and a time-depen-
dent relationship with smoking [2].

Nicotine is also strongly correlated with poorer outcomes 
following rotator cuff repairs. Rat animal model studies, as 
well as clinical investigations revealed that nicotine can have 
deleterious effects on tendon healing and smokers have sig-
nificantly reduced postoperative function, increased pain 
scores and less patient satisfaction [12, 26].

Finally, other factors such as diabetes mellitus have been 
associated with decreased ability of tendon healing after 
rotator cuff repairs [6].

Intrinsic Factors

The term intrinsic factors encompasses a variety of mecha-
nisms that occur within the rotator cuff itself. Among the 
theories proposed, age-related degeneration and repetitive 
microtrauma seem to be the most reliable models explaining 
the mechanism of cuff disease. However, we must take into 
account the role of cuff vascularity as well as the neural the-
ory for tendinopathy.

Degeneration and Microtrauma Theory

Epidemiological studies with ultrasound examination revealed 
a positive correlation between age and supraspinatus tendon 
tear prevalence [39]. More specifically, the frequency of these 
tears increased from 13% in the youngest group (50–59 years) 
to 20% (60–69 years), 31% (70–79 years), and 52% in the 
oldest group (80–89 years) [39]. It is important to note though, 
that the majority of the examined patients were asymptom-
atic. This observation leads to the hypothesis that rotator cuff 
tear may be a “normal” aging process.

Histological studies support the previous hypothesis of an 
ongoing degenerative process contributing to rotator cuff 
disease. Loss of cellularity and vascularity, as well as fibro-
cartilage mass formation are age-related changes frequently 
found at the site of cuff insertion [1, 27]. In a recent study 
Hashimoto et al. [16] found seven characteristic histological 
findings in torn rotator cuff:

1. Thinning and disorientation of the collagen fibers
2. Myxoid degeneration
3. Hyaline degeneration
4. Vascular proliferation (34%)
5. Fatty infiltration (33%)
6. Chondroid metaplasia (21%)
7. Intratendinous calcification (19%)

We have to lay emphasis on the fact that vascular prolifera-
tion and fatty infiltration were seen only on the bursal side of 
the cuff. The remaining five histological changes were found 
on the articular side as primary degenerative “reducers” of 
tendon tensile capacity [16, 18].

Moreover, in an effort to detect molecular-biochemical 
mediators influencing rotator cuff pathology Premdas et al. 
[34] observed a high level of Smooth Muscle Actin (SMA) in 
the nonvascular connective tissue near the edges of the torn 
rotator cuff. SMA in vitro causes contraction of the collagen-
glycosaminoglycan compounds. In vivo, this action may lead 
to contraction of the torn cuff edges, increasing the distance 
at the repair margin and inhibiting primary healing.

Great importance must be given on the role of altered col-
lagen fiber quality [21]. Generally, the central zone of the 
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healthy supraspinatus tendon is primarily composed of Type 
I collagen fibers with smaller amounts of Type III collagen, 
decorin, and biglycan. On the other hand, the primary com-
ponent at the zone of tendon insertion (tendon’s footprint) is 
Type II collagen, which can withstand better compressive 
loads. Histological findings in the diseased rotator cuff reveal 
alteration in the type of collagen at the fibrocartilaginous 
zone from Type II to Type III, with a subsequent tendon abil-
ity to withstand compressive loads [24]. However, it is not 
well known whether this change is an age-related “physio-
logical” degeneration or the result of repetitive overuse and 
microinjury.

Parallel to degeneration, the microtrauma theory suggests 
that repetitive overload stresses lead to micro-injuries and 
lacerations within the tendon mass that are not given suffi-
cient time to heal before further trauma occurs. The “roots” 
of this theory can be found back in 1934, when Codman 
demonstrated that partial tears of the tendon began in the 
articular side, where the load capacity is lower than in the 
bursal side [7].

A further question is what the role of inflammatory reac-
tion is during these repetitive overload stresses. For this rea-
son Soslowksy et al. [37] created an animal rat model, 
mirroring the repetitive motion of the supraspinatus under 
the acromial arch. They observed downregulation of gene 
expression in transforming growth factor beta-1 (TGF- 1), 
increase in cellularity, loss of collagen orientation, and alter-
ations in gross cell morphologic characteristics. It is impor-
tant that by the end of 13 weeks the tendon had a higher cross 
sectional area but could withstand lower load to failure. In 
another rat model study using the reverse-transcriptase poly-
merase chain reaction (RT-PCR), acute increase in angio-
genic markers (VEGF) (400% in 3 days) and subacute 
increase in COX-2 (300% in 8 weeks) was observed [33].

Ex vivo studies investigated the biochemical cascade of 
interleukin-1 beta (IL-1 ) on human tendon cells. They 
revealed an increase of COX-2 leading to higher levels of 
prostaglandin E2 (PGE2) [40]. At the same time, an eleva-
tion of the levels of matrix metalloproteases (MMP), specifi-
cally MMP-1, MMP-3, and MMP-13, was found. Numerous 
other studies revealed an increase of the aforementioned 
inflammatory mediators during tensile loading of supraspi-
natus tendon [20, 22]. Although the significance of IL-1  in 
cuff tears remains unknown in vivo, it is believed that COX-2 
and PGE2 are mainly pain mediators and MMPs lead to loss 
of tissue architecture.

Despite the fact that inflammatory mediators are present, 
histological studies in cadaveric and postsurgical specimens 
with rotator cuff tears did not show any significant chronic 
inflammatory reaction. Benson et al. [3] found morphologi-
cal evidence of degeneration and edema within the extracel-
lular matrix, amyloid deposition (20%), but no evidence of 
chronic inflammation with few B- or T-lymphocytes present 

in patients that underwent subacromial decompression. The 
only indirect finding of a chronic inflammatory process is the 
revascularization noted either intraoperatively [16] or with 
Doppler ultrasound [32].

In vivo studies of rotator cuff tear pathology did not prove 
a significant role in the inflammatory reaction in the degen-
erative process [3].

Oxidative Stress and Apoptosis

In 2002, Yuan et al. demonstrated the presence of increased 
concentration of apoptotic cells at the edge of the torn rota-
tor cuff tear (34%) compared with normal tendons (13%) 
[45]. Further studies demonstrated that exposure of cul-
tured human rotator cuff tendon cells to oxidative stress 
via administration of H

2
O

2
 resulted in increased concentra-

tions of key apoptotic mediators such as cytochrome–C 
and caspase-3 within the cells [46]. Finally, in vivo studies 
in human torn rotator cuff revealed decreased levels of a 
novel antioxidant peroxidase, peroxiredoxin 5 (PRDX5). 
Induced overexpression of PRDX5 results in reduction of 
apoptosis by 46% [47]. All the previous studies suggest 
that oxidative stress has an important role in supraspinatus 
tendinopathy and tear.

Murrel and his team made a great effort to explore the 
mediators of this oxidative reaction and to propose a possible 
model pathway [41]. According to their findings in torn 
supraspinatus specimens in vivo, two key mediators were 
found to play an important role: Matrix metalloproteinase 
(MMP-1) within the extracellular matrix and c-Jun N-terminal 
protein kinase (JNK) within the intracellural matrix.

MMP-1 levels are elevated within damaged tendons, lead-
ing to loss of tissue architecture, decreased collagen synthe-
sis, and abnormal tendon biomechanics. Moreover, JNK is a 
mitogen-induced protein kinase that is induced in tendons by 
IL-1 and by cyclic mechanical stretch [36] (Fig. 1). JNK, 
when phosphorylated, activates a number of transcription 
factors linked to the apoptotic pathway [9]. When JNK-
specific inhibitors were used, there was a reduction in MMP 
levels and tendon disruption. A possible model pathway is 
illustrated in Fig. 2.

Rotator Cuff Vascularity

In 1990, Lohr and Uhthoff [23] reported that there is a criti-
cal hypovascular zone 10–15 mm proximal to the insertion 
of the supraspinatus tendon. Since then, this area and its 
exact role became a matter of debate. Other studies [5, 30] 
examining capillary distributions, vessel number, and diam-
eter found that no significant hypovascular areas exist.
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Moreover, recent histological and immunohistochemical 
studies in torn tendons revealed relative hyperperfusion at 
this “critical” area [11]. Additionally, intraoperative laser 
Doppler flowmetry showed again hyperperfusion at the tear 
edge [38] casting considerable doubt on the importance of 
the supraspinatus critical zone.

Questions have been raised if arterial perfusion can be 
reduced during full arm adduction or during compression at 
the humeral head.

Neural Theory of Tendinopathy

In 2006, Molloy et al. [29] observed in a rat model increased 
expression of a range of glutamate-signaling proteins after 
overuse. Culture of tendon cells in glutamate led to increase 
of their apoptotic frequency. It is important to note that glu-
tamate is a peptide associated with the central nervous sys-
tem and is already involved in the pathogenesis of tendon 
degeneration. Additionally, high concentrations of substance 
P have been related with the diseased rotator cuff [13]. It is 

MMP-1 pJNK

Normal
supraspinatus tendon

Torn
supraspinatus tendon

Fig. 1 Immunohistochemical detection of phosphorylated JNK and MMP1 in the longitudinal sections of rotator cuff tendons [41]

Oxidative stress

Apoptosis

Cellular function

Tendon degeneration

Collagen synthesis MMP1

Extracellular matrix degradation

JNK activation

Fig. 2 Possible pathway of tendon degeneration under oxidative 
stress [41]
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possible that the neural overstimulation observed, leads to 
painful symptoms, disorganization of cuff architecture, and 
structural weakness that subsequently results in a tear. 
Previous observations constitute the cornerstone of the neu-
ral theory, which remains controversial but constitutes an 
exciting source for future research.

Genetic Influences in Rotator Cuff Tears

Besides the presented theories, lately, questions have been 
raised on the importance of the underlying genetic suscepti-
bility to the pathology of rotator cuff.

Recent studies [14, 15] have shown that genetic influ-
ences may exist. An increased incidence of supraspinatus 
tears in siblings of patients with known tears was recently 
observed. It has also been suggested that genetic factors may 
influence the progression and the size of the tear, as well as 
the presence of pain in the medium term [14, 15].

Genetic factors may play their role not only in the develop-
ment but also in the progression of full thickness tears. 
However, further studies are needed to provide more solid 
data on this issue.

Summary

The overall incidence of full-thickness tears in the general 
population ranges between 7% and 27%, and that of partial-
thickness tears between 13% and 37%. Not all of them are 
symptomatic. Theories on the cause of these tears range from 
purely mechanical or attritional damage to intrinsic age-
related degeneration. Whether intrinsic or extrinsic factors 
contribute to the occurrence of tears and to what extent is 
still not clear. However, alteration of the cellular and extra-
cellular matrix, with evidence of an apoptotic process within 
the tendon, has been noted in a number of studies, but the 
exact pathway for this is still unclear.
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Neurovascular Risks Associated  
with Shoulder Arthroscopic Portals

Daniel Daubresse 

Arthroscopy has been established as a valuable technique in 
diagnosis and treatment of the injured and diseased shoulder. 
Arthroscopy is not a diagnostic tool but offers approaches to 
the surgical treatment of shoulder pathology.

The patient is positioned in opposite lateral decubitus 
position or in beach chair position. Diagnostic arthroscopy is 
initiated with insertion of the arthroscope from the posterior 
portal into the gleno-humeral joint. Inspection should be an 
organized systematic visualization of the entire joint (articu-
lar surfaces of the glenoid and humeral head, glenoid labrum, 
long head of the biceps tendon, subscapularis tendon, axil-
lary pouch, capsular ligaments, synovial membrane). Then, 
endoscopic visualization of the subacromail space is a valu-
able and essential adjunct to the glenohumeral arthroscopy 
(impingement syndrome, rotator cuff tears, calcific tendini-
tis, acromioclavicular joint disorders) [3].

Proper Portal Placement

Meyer et al. [13] have performed an anatomic cadaveric 
study to determine with trocars in situ the relationships of 12 
shoulder arthroscopic portals frequently used with the adja-
cent musculotendinous and neurovascular structures.

Twelve shoulders of embalmed cadavers installed in a 
beach-chair position were dissected. Twelve different portals 
were established by using their authors’ description: posterior 
“soft point,” central posterior, anterior central, anterior inferior, 
anterior superior, 5 o’clock portal, Neviaser, superolateral, tran-
srotator cuff approach, Port of Wilmington, anterolateral, and 
posterolateral. Six of these portals were placed on each shoul-
der so that each portal was studied six times. Dissections were 
conducted with trocars in situ to take their volume into account. 
The distance to the adjacent relevant neurovascular structures 
at risk (axillar and suprascapular nerves, axillar and suprascap-
ular arteries, and cephalic vein) were measured, arm at side, by 
using a calliper. Musculotendinous structures crossed by por-
tals were noticed. The cephalic vein was injured twice by ante-
rior portals. The 5 o’clock portal is at most risk of neurovascular 
injury. It is located at mean distances to the axillar artery and 
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nerve of 13 and 15 mm, respectively. Other anterior, posterior, 
superior, and lateral portals are safe with mean distances higher 
than 20 mm. Neither musculotendinous rupture nor large injury 
occurred. The study shows that the trocars placement of the 
studied portals did not create, except for the cephalic vein, any 
lesion of the neurovascular adjacent structures.

The general types of neurological injury that may occur 
secondary to arthroscopy are direct injury to a nerve, com-
pression secondary to compartment syndrome, and reflex 
sympathetic dystrophy.

Because direct injury to a nerve can be caused by incor-
rect placement of the portals, correct placement is the major 
way to decrease the rate of neurological injury. When the sur-
geon is making the portal the scalpel should penetrate only 
skin; a blunt trocar should then be used to enter the joint.

A posterior portal site has become the accepted standard 
for introduction of the arthroscope for routine diagnostic 
procedures of the shoulder.

Posterior Portal

The posterior portals allow the best visualization of the shoul-
der joint. The posterior portal is located 2 cm inferior and 1–2 
cm medial to the posterior lateral angle of the acromion.

The proper location of the posterior portal is determined 
by finding the soft spot formed by the interval between the 
infraspinatus and the teres minor, using deep palpation of the 
thumb along with internal and external rotation of the joint; 
One should avoid placing the this portal too far laterally, 
since this will make joint visualization more difficult.

A 18 or 20 gauge spinal needle is then passed into the 
shoulder joint by aiming just lateral to or at the coracoid pro-
cess, which is usually well palpated anteriorly; inflating the 
joint will push the humeral head away from the glenoid, 
which lessens the chance of iatrogenic chondral injury dur-
ing trochar insertion.

Injury to the suprascapular nerve may occur from passing 
instruments along the lateral border of the scapular spine.

This portal is located approximately 3–4 cm superior to 
the quadrangular space, which contains the axillary nerve.

As the indications for shoulder arthroscopy continue to 
expand, so too does the need for complete access to the gle-
nohumeral joint.

Specific regions of the joint, including the axillary recess, 
are often difficult to access using traditionally described pos-
terior and anterior portals.

Difelice et al. [6] have described a technique for the place-
ment of an accessory posterior portal into the inferior hemi-
sphere of the glenohumeral joint effectively in the 8 o’clock 
or 4 o’clock position.

To demonstrate the safety and effectiveness of this portal, 
six cadaveric specimens were dissected after the placement 

of a standard and accessory posterior portal. The proximity 
of the posterior portals to the axillary and suprascapular 
nerves was analyzed. Measurements were made in simulated 
beach-chair and lateral decubitus positions. The authors 
show that the accessory posterior portal is safe to use and 
may prove useful to the surgeon who wishes to gain access to 
the inferior recesses of the glenohumeral joint.

Anterior Portal

The anterior portal should be above and lateral to the tip of 
the coracoid process. It should, in no circumstances be placed 
inferior or medial to the coracoid process because it will 
jeopardize the brachial plexus.

The anterior portal is usually used for introduction of 
instruments; and this portal is placed under arthroscopic 
visualization from the posterior portal; a needle is placed 
halfway between the AC joint and the lateral aspect of the 
coracoid.

This portal pierces the anterior fibers of the deltoid and 
enters the joint in the interval between the subscapularis and 
the supraspinatus.

The needle should be directed into the anterior triangle 
formed by the labrum (medial border), biceps tendon (supe-
rior border), and subscapularis (inferior border).

Some surgeons, place the needle more laterally, between 
the AC joint and the lateral acromial border.

Due to the thickness of the anterior soft tissues, consider 
use of a disposable sheath to facilitate passage of instruments.

When this portal is switched into the subacromial space, 
it often passes directly thru the CA ligament.

At the site of the anterior portal, the musculocutaneous 
nerve may be injured by medial portal placement.

The “intraarticular triangle” bounded by the humeral 
head, the glenoid rim, and the biceps tendon has been found 
to be an excellent intraarticular landmark for placement of an 
accessory anterior portal for shoulder arthroscopy. Anatomical 
dissections on 20 cadaver shoulders have confirmed that 
instruments passed through this location are at little risk to 
injure adjacent neurovascular structures about the shoulder. 
Clinical data in 30 shoulder arthroscopies performed utiliz-
ing this landmark for placement of an anterior portal have 
confirmed this position to be a safe and useful location for 
portal placement if proper precautions are followed.

Lateral Portal

The lateral portal is used for visualization of, or for insertion 
of instruments into, subacromial space, usually for acromio-
plasty or for calcific tendinitis.
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The key to lateral portal placement is that it must allow 
triangulation over the entire undersurface of the anterior 
acromion.

If the portal is placed too posteriorly in a large muscular 
patient, it will be difficult for instruments to “turn the corner” 
in order to reach the anterior acromion.

The lateral portal should be placed laterally, in line with 
the mid-clavicle, and 2–3 cm lateral to its lateral edge or 
alternatively inserted at a point that bisects the lateral acro-
mion into anterior and posterior halves.

When passing instruments thru the lateral portal into 
the subacromial space, it is often helpful to direct the 
instruments directly medial before triangulating toward 
the AC joint.

It is also helpful to apply distraction to the arm, in order 
to avoid rotator cuff injury.

Care should be taken, during placement of this portal, to 
avoid injury to axillary nerve, which enters deep surface of 
deltoid approximately 5 cm lateral to the acromion.

It must be noted that smaller branches of the axillary 
nerve may enter deltoid as close as one centimeter lateral to 
acromion.

Superolateral Portal

With the advent of arthroscopic procedures has come the 
need for better techniques for visualization of structural 
pathology and better techniques for visualization of intraca-
psular structures during operative procedures for the treat-
ment of a variety of clinical conditions affecting the shoulder. 
Laurencin et al. [9] have presented a new portal for shoulder 
arthroscopy that is safe to insert, providing a panoramic view 
of the glenohumeral joint (especially anteriorly), and allow-
ing unobstructed observation of large instruments passed 
through more traditional anterior portals nearby. The supero-
lateral portal is particularly suited for use in anterior stabili-
zation procedures of the shoulder, where it can be used for 
direct visualization of the anterior glenoid neck, thus permit-
ting the surgeon to perform such tasks as debridement or 
mobilization of tissues, and placement of tacks or sutures.

Inferior Portals

Bhatia et al. [5] have described the musculotendinous rela-
tions and neurologic structures at risk during establishment of 
posterior portals for access to the inferior glenohumeral recess 
(IGHR). Three 18-gauge spinal needles were used to estab-
lish two posteroinferior portals and one axillary pouch portal 
in 14 embalmed cadaveric shoulders, without joint distension 

and arthroscopic visualization. At dissection, musculotendi-
nous structures traversed by the needles were recorded, and 
distances from the axillary nerve (at the deltoid undersurface, 
quadrangular space, and capsule), nerve to teres minor (at the 
inferior border of the teres minor muscle and at the capsule), 
and suprascapular nerve were measured. Additional parame-
ters studied included the vertical distances between the acro-
mion and inferior gleno humeral recess and between the 
acromion and axillary nerve. Statistical analysis (multiple 
comparisons procedure) was performed to compare relative 
portal safety. The mean distance of the axillary pouch portal 
to the three nerves, at each level, was greater than that of the 
posteroinferior portals. In one specimen (7.1%), the postero-
inferior portal tracts were in close proximity (within 2 mm) to 
the axillary nerve and its branch to the teres minor. The dis-
tance of the axillary pouch portal to the nerves was signifi-
cantly greater (P < .05) at every level, except at the deltoid 
undersurface. This study suggests that posterior portal tech-
niques described for access to the IGHR are safe; the risk of 
axillary nerve injury with posteroinferior portals is low, 
though possible. The axillary pouch portal is relatively farther 
away from the neurologic structures and provides safer access 
to the same region. Arthroscopic procedures that require 
access to the IGHR can be safely performed with posteroinfe-
rior and axillary pouch portals. The axillary pouch portal may 
be used preferentially for this access because it is placed far-
thest from the neurologic structures.

Anterior–Inferior (5 o’clock) Portal

Davidson and Tibone [5] describe an anterior–inferior portal 
for arthroscopic shoulder instrumentation at the 5 o’clock 
position along the glenoid rim.

An anterior–inferior portal was established in 14 cadaver 
shoulders. The portal was created in an inside-to-outside 
fashion, with the humerus maximally adducted, directing the 
guide rod as far lateral as possible.

Using the described technique, a 5 o’clock portal travels 
through the subscapularis to the lateral of the conjoined 
tendon.

Distance between the portal and the musculocutaneous 
nerve was 22.9 ± 4.9 mm, and 24.4 ± 5.7 mm between the 
portal and the axillary nerve.

Through a combination of proper arm positioning and rod 
insertion technique, the 5 o’clock portal can be created safely 
and is of great potential utility for arthroscopic shoulder sta-
bilization procedures.

Another study performed by Gelber et al. [7] was to 
assess, using a technique that minimally distorts the normal 
anatomy, the risk of injury when establishing a 5 o’clock 
shoulder portal in the lateral decubitus versus beach-chair 
position.
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The anteroinferior portal was simulated with Kirschner 
wires (K-w) drilled orthogonally at the 5 o’clock position in 
13 fresh frozen human cadaveric shoulders. The neighboring 
neurovascular structures were identified through an anteroin-
ferior window made in the inferior glenohumeral ligament. 
Their relations to the K-w and surrounding structures were 
recorded in both positions.

The median distance from the musculocutaneous nerve to 
the K-w was shorter in the lateral decubitus position than in 
the beach chair position (13.16 vs. 20.49 mm, P = .011). The 
cephalic vein was closer to the portal in the beach-chair posi-
tion than in the lateral decubitus position (median 8.48 vs. 
9.93 mm, P = .039). The axillary nerve was closer to the K-w 
in the lateral decubitus position than in the beach-chair posi-
tion (median 21.15 vs. 25.54 mm, P = .03). No differences in 
the distances from the K-w to the subscapular and anterior 
circumflex arteries were found when comparing both posi-
tions. The mean percentage of subscapular muscle height 
from its superior border to the K-w was 53.03%.

This study showed the risk of injury establishing a tran-
subscapular portal in either position. The musculocutaneous 
nerve and the cephalic vein are the most prone to injury. In 
general, the beach-chair position proved to be safer.

Inserting anchor devices orthogonally would permit stron-
ger fixation but presents the risk of damaging neurovascular 
structures. This study focused on showing the neurovascular 
risk of performing full orthogonal insertion. Considering the 
good results reported with the usual superior–anterior por-
tals, they do not recommend performing a transubscapular 
portal in routine shoulder arthroscopy.

Pearsall et al. [16] have evaluated the difficulty, accuracy, 
and safety of establishing a low anterior 5 o’clock portal for 
anterior capsulolabral repair in patients positioned in the 
beach-chair position during shoulder arthroscopy.

An initial 5 o’clock portal was created using an inside-out 
technique as described by Davidson and Tibone [5]. During 
establishment of the portal, significant force was required to 
lever the humeral head laterally, and chondral indentations 
were noted in several specimens. Because of the difficulty 
noted in establishing the 5 o’clock portal using an inside-out 
technique, they attempted to establish a 5 o’clock anterior 
portal using an outside-in technique. Seven fresh-frozen 
cadaveric shoulders underwent shoulder arthroscopy in the 
beach-chair position. After the establishment of a 3 o’clock 
portal, a specially constructed guide was used to place a pin 
at the 5 o’clock position. The distances of the pins from the 
cephalic vein and the musculocutaneous and axillary nerves 
were recorded. The bottom (5 o’clock position) and top 
(3 o’clock position) pins varied from 12 mm to 20 mm from 
the musculocutaneous and axillary nerves. The bottom pin 
was located within 2 mm of the cephalic vein and varied from 
medial to lateral in different specimens. They do not recom-
mend the use of a 5 o’clock portal using an inside-out or 
outside-in technique for patients positioned in the beach-chair 

position during shoulder arthroscopy because of the potential 
for cephalic vein or articular cartilage injury.

Accessory Posterior Portal

As the indications for shoulder arthroscopy continue to 
expand, so too does the need for complete access to the gle-
nohumeral joint. Specific regions of the joint, including the 
axillary recess, are often difficult to access using tradition-
ally described posterior and anterior portals. Difelice et al. 
[6] describe a technique for the placement of an accessory 
posterior portal into the inferior hemisphere of the gle-
nohumeral joint, effectively in the 8 o’clock or 4 o’clock 
position. To demonstrate the safety and effectiveness of this 
portal, six cadaveric specimens were dissected after the 
placement of a standard and accessory posterior portal. The 
proximity of the posterior portals to the axillary and supras-
capular nerves was analyzed. Measurements were made in 
simulated beach-chair and lateral decubitus positions. The 
authors show that the accessory posterior portal is safe to use 
and may prove useful to the surgeon who wishes to gain 
access to the inferior recesses of the glenohumeral joint.

Posteroinferior Portals

Arthroscopic access to the inferior glenohumeral recess is 
necessary in several surgical procedures on the shoulder. 
Posteroinferior portals described for access to this region 
may pose a theoretic risk to the posterior neurovascular 
structures (outside-in technique) and to the articular cartilage 
(inside-out technique). Bhatia [2] has devised a new poste-
rior portal that permits direct linear access to the entire infe-
rior glenohumeral recess. The portal is placed higher and 
more lateral compared with the previously described portals; 
this places it further away from the posterior neurovascular 
structures and facilitates linear access to the axillary pouch. 
The portal is created via an outside-inside technique, with a 
spinal needle to ascertain the correct portal site and angula-
tion. The portal is placed at a mean distance of 20.45 ± 4.9 
mm (range, 15–35 mm) directly inferior to the lower border 
of the posterolateral acromial angle and 21.3 ± 2 mm (range, 
20–25 mm) lateral to the posterior viewing portal. The spinal 
needle or cannula is angulated medially at a mean of 30.6° ± 
4.7° (range, 25–40°) in the axial plane and slightly inferiorly 
(mean, 2°; range, 20° superiorly to 20° inferiorly). Use of 
30° and 70° arthroscopes through the axillary pouch portal 
facilitates visualization of the entire recess and of the humeral 
attachment of the inferior glenohumeral ligament complex 
for evaluation of humeral avulsion of the glenohumeral 
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ligament lesions. The portal also permits instrumentation in 
combination with the standard posterior or anterosuperior 
viewing portal for removal of loose bodies, synovectomy, 
capsular shrinkage, capsulotomy, and anchor placement in 
the posteroinferior glenoid rim.

The 7 o’clock Posteroinferior Portal

Access to the inferior glenohumeral joint of the shoulder is 
very limited through the traditional 2 o’clock or 3 o’clock 
anterior portals. The 7 o’clock posteroinferior portal offers 
an excellent alternative approach [4].

Six paired cadaveric shoulders were used to arthroscopi-
cally develop and test a 7 o’clock posteroinferior portal. The 
distances between the portal and the subscapular and axillary 
nerves were measured with the arm in six different positions, 
combining flexion, extension, abduction, and adduction.

The distance from the 7 o’clock posteroinferior portal to 
the axillary nerve was 39 ± 4 mm and to the suprascapular 
nerve were 28 ± 2 mm. There was no statistically significant 
nerve-to-portal differential distance when the arm was placed 
in flexion, extension, abduction, or adduction. The inside-to-
outside technique produced a 7 o’clock posteroinferior por-
tal, approximately 5 mm further from both the axillary and 
suprascapular nerves than did the outside-to-inside method. 
The angle of divergence from the 7 o’clock posterior portal 
skin incision to the axillary nerve was 47° and to the supras-
capular nerve was 33°. The 7 o’clock portal affords safe, 
direct working access to the inferior capsular recess of the 
glenohumeral joint.

The Superior-Medial Portal

The superior-medial (SM) shoulder arthroscopic portal 
(Neviaser portal) is the portal anatomically closest to the 
suprascapular nerve, and any potential benefits of this portal 
would be mitigated if risk of suprascapular nerve injury were 
significant.

The supero-medial portal is useful for arthroscopic rota-
tor cuff repair, arthroscopic superior labrum repair, and 
arthroscopic distal clavicle excision.

Woolf et al. [19] hypothesize that this portal is safe.
Twelve fresh cadaveric shoulders were securely posi-

tioned to simulate shoulder arthroscopy in the beach-chair 
position with the arm at the patient’s side in neutral rotation. 
An SM portal was established 1 cm medial to the acromion 
and 1 cm posterior to the clavicle, and a 5.5-mm burr sheath 
was oriented toward the acromioclavicular joint. The skin 
and trapezius were resected, the supraspinatus was retracted, 

and the suprascapular nerve was identified. The distance 
between the sheath and the nerve was measured with 
callipers.

The measured distances between the nerve and burr ranged 
from 18.5 mm to 35.7 mm, with a mean of 24.2 ± 5 mm.

This study shows that the SM portal is safe. The distance 
between an instrument oriented toward the acromioclavicu-
lar joint via the SM portal and the suprascapular nerve was 
18.5 mm or greater in all specimens.

Shoulder arthroscopy and the introduction of suture 
anchors have provided the surgeon with the ability to repair 
rotator cuff tears through minimal incisions. Rotator cuff 
repair involves the use of several portals, such as the poste-
rior portal, the anterior portal, the anterior superior portal, 
the anterior inferior portal, and the Neviaser portal.

Nord and Mauck [14] have developed two additional por-
tals, the new subclavian portal and the modified Neviaser 
portal, to improve the safety and efficacy of rotator cuff 
repair and solve a number of problems associated with tradi-
tional repair techniques.

The subclavian portal is located directly below the clavi-
cle, 1–2 cm from the acromioclavicular joint, and instru-
ments are aimed medial to lateral.

The modified Neviaser portal changes the angle of inser-
tion of the Neviaser portal. Instruments are aimed 20° from 
the horizontal plane and 45° anterior, directly at the suture 
anchor. Repair techniques using each portal were reviewed.

Twenty cadaveric shoulders were dissected for each portal 
and the anatomy from each portal was documented. The cadav-
eric dissections showed that this portal passes greater than 6 cm 
from the brachial plexus, musculocutaneous nerve, and subcla-
vian artery and vein, and 4.7 cm from the cephalic vein.

The modified Neviaser portal was shown to be safer than 
the Neviaser portal because it passes on top of the supraspi-
natus muscle, thereby protecting the suprascapular nerve.

These portals provide an optimal angle of approach to the 
rotator cuff tendon and suture anchor as well as improved 
safety.

Glenohumeral Arthroscopy Portals 
Established Using an Outside-in Technique

Lo et al. [11] examine the neurovascular structures at risk 
during placement of glenohumeral arthroscopy portals using 
an outside-in technique.

Five fresh-frozen cadaveric specimens were used in this 
study. Each shoulder was mounted on a custom-designed 
apparatus allowing shoulder arthroscopy in a lateral decubi-
tus position. The following portals were established using an 
outside-in technique and marked using an 18-gauge  
spinal needle: posterior, posterolateral, anterior, 5 o’clock, 
anterosuperolateral, and Port of Wilmington. Each specimen 
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was carefully dissected after the procedure, and the distance 
from each portal site to the adjacent relevant neurovascular 
structures (axillary nerve, musculocutaneous nerve, lateral 
cord of the brachial plexus, cephalic vein, and axillary artery) 
was measured using a precision caliper.

Except for the cephalic vein, all of the neurovascular struc-
tures were more than 20 mm away from all the portals evalu-
ated. When creating either an anterior portal or a 5 o’clock 
position portal, the mean distance from the portal to the 
cephalic vein was 18.8 and 9.8 mm, respectively. In one ante-
rior portal, a direct injury to the cephalic vein occurred.

This study suggests that shoulder arthroscopy portals 
placed in an outside-in fashion are unlikely to produce neu-
rologic injury. However, the cephalic vein is at risk during 
placement of an anterior or 5 o’clock position portal, although 
probably with minimal subsequent patient morbidity. Placing 
portals in an outside-in fashion guarantees the correct angle 
of approach, with minimal risk to adjacent neurologic struc-
tures. This study shows the safety of standard and accessory 
glenohumeral arthroscopy portals.

Trans-Rotator Cuff Portal

There are numerous accessory portals for the arthroscopic 
repair of superior labral anterior and posterior lesions. Many 
surgeons are reluctant to make a portal through the cuff 
because of concern about iatrogenic injury to the cuff.

Oh et al. [15] performed an analysis of 58 SLAP lesions.
Fifty-eight consecutive patients undergoing superior 

labral anterior and posterior lesion repair using the trans-
rotator cuff portal, who had both functional and radiological 
outcomes after 1 year of the operation, were enrolled. They 
evaluated the structural outcomes for the labrum and cuff 
using computed tomographic arthrography and measured 
various clinical outcomes (the supraspinatus power, visual 
analog scale for pain and satisfaction, American Shoulder 
and Elbow Surgeons shoulder evaluation form, University of 
California-Los Angeles shoulder score, Constant score, and 
Simple Shoulder Test) at the final visit.

All functional outcomes were improved significantly 
(P < .001). On computed tomographic arthrography, labral 
healing to the bony glenoid was achieved in all patients. 
Subacromial leakage of contrast media was observed in 
three patients (5.2%) through the muscular portion with-
out any retraction or gap of the tendon. Two of three had 
preoperative cuff pathologic changes, and they were older 
than 45 years of age. Partial articular cuff tears were 
observed in six patients (10.3%) and four had the lesion 
preoperatively. There were no statistical differences in 
functional scores according to the presence of preopera-
tive lesion, postoperative leakage, or partial cuff tear.

The data demonstrate favorable outcomes for arthroscopic 
superior labral anterior and posterior lesion repair using the 
trans-rotator cuff portal. They suggest that the trans-rotator 
cuff portal is an efficient and safe portal for superior labral 
anterior and posterior lesion repair, although there are some 
valid concerns of damaging the cuff in patients with a supe-
rior labral anterior and posterior lesion with concurrent cuff 
disorders, as well as in older patients.

The Axillary Nerve

Yoo et al. [20] were to examine the morphologic features of 
the axillary nerve and its relation to the glenoid under an 
arthroscopic setup, and to determine the changes in nerve 
position according to different arm positions.

Twenty-three fresh-frozen cadaveric shoulder specimens 
were used for evaluations in an arthroscopic setup with the 
lateral decubitus position. The main trunk of the axillary 
nerve with or without some of its branches was exposed after 
careful arthroscopic dissection. Morphologic features and 
the course of the axillary nerve from the anterior and poste-
rior portals were documented. The closest distances from the 
glenoid rim were measured with a probe by use of a distance 
range system. The changes in nerve position were deter-
mined in four different arm positions. At the end of 
arthroscopic examination, the nerves were marked and veri-
fied by open dissections.

The axillary nerve appeared in the joint near the inferior 
edge of the subscapularis muscle. With reference to the infe-
rior glenoid rim horizontally, the nerve had a mean running 
angle of 23° (range, 14°–41°; SD, 8°). The closest points 
from the glenoid were between the 5:30 and 6 o’clock posi-
tion (right) or 6 o’clock and 6:30 position (left). The closest 
distance range varied from 10 mm to 25 mm in the neutral 
arm position. The abduction-neutral position resulted in the 
greatest distance between the inferior glenoid and the nerve.

The abduction-neutral rotation position was the optimal 
position for minimizing axillary nerve injuries, because it 
resulted in the greatest distance between the inferior glenoid 
and the nerve. Knowledge of the anatomy of the axillary 
nerve aids the shoulder surgeon in avoiding nerve injury dur-
ing arthroscopic procedures. Abduction-neutral rotation may 
be more helpful for arthroscopic surgeons performing proce-
dures in the anteroinferior glenoid with the nerve being far-
ther away from the working field.

Apaydin et al. [1] emphasize that the relationship of the 
axillary nerve to the shoulder capsule and the subscapularis 
muscle has not been well defined in orthopedic literature.

Their descriptive anatomical study presents the course 
and the relations of the axillary nerve with neighboring neu-
rovascular structures and the shoulder capsule and defines 
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anatomical landmarks and regions that can be used practi-
cally in anterior surgical approaches to the shoulder region. 
To investigate the course of the axillary nerve and its rela-
tionship with neighboring structures, 30 shoulders of 15 fixed 
adult cadavers were dissected under the microscope through 
an anterior approach. A triangle-shaped anatomic area con-
taining the axillary neurovascular bundle was defined. The 
closest distance between the axillary nerve and the anterome-
dial aspect of the coracoids’ tip and the glenoid labrum was 
measured as 3.7 and 1.1 cm on average, respectively. The 
distance between the anteromedial aspect of the coracoids’ 
tip and the point where the nerve passes through the medial 
edge of the subscapularis was measured as 2.5 cm on aver-
age. The results of this study demonstrate the anatomic pat-
tern and the course of the axillary nerve and its relations with 
the shoulder capsule. They conclude that knowing the exact 
localization of the axillary nerve under the guidance of the 
defined anatomic triangle may provide a safer surgery.

Following Jerosh et al. [8] the success of arthroscopic 
capsular release of the glenohumeral joint depends on com-
plete incision of the inferior capsule.

They determined the distance between capsule and the 
axillary nerve in different joint positions. In 14 human shoul-
der specimens the anterior joint capsule and axillary nerve 
were dissected, and the anterior joint capsule was incised 
between the 1 o’clock and 5 o’clock positions. The shortest 
distance between the insertion of the inferior capsule and the 
axillary nerve was measured at the glenoid and humeral 
insertions in abduction, adduction, internal, and external 
rotation. The axillary nerve is surrounded by soft connective 
tissue and is closer to the humeral than to the glenoid attach-
ment of the joint capsule. During abduction and external 
rotation the nerve stays in its position while the glenohumeral 
capsule tightens, which increases the distance between the 
two structures. This result in the following distances: to the 
glenoid/humeral capsule insertion: in adduction and neutral 
rotation, 21.2 ± 4.2/14.2 ± 2.6 mm; in abduction and neutral 
rotation, 24 ± 4.9/15 ± 5 mm; in abduction and internal rota-
tion, 21.1 ± 6.6/14.6 ± 3.7 mm; and in abduction and external 
rotation, 24.9 ± 3.8/16.4 ± 4.4 mm. Thus, when performing 
arthroscopic capsular release the incision of the glenohumeral 
joint capsule should be undertaken at the glenoid insertion in 
the abducted and externally rotated shoulder.

Following Price et al. [17], the axillary nerve is out of the 
field of view during shoulder arthroscopy, but certain proce-
dures require manipulation of capsular tissue that can threaten 
the function or integrity of the nerve. They studied fresh 
cadavers to identify the course of the axillary nerve in rela-
tion to the glenoid rim from an intra-articular perspective and 
to determine how close the nerve travels in relation to the 
glenoid rim and the inferior glenohumeral ligament.

All specimens were studied with the joint secured in the 
lateral decubitus position used for shoulder arthroscopy.

Microsurgical dissection through the inferior gle-
nohumeral ligament from within the joint capsule revealed 
the axillary nerve as it traversed the quadrangular space. In 
each dissection, the teres minor branch was the closest to the 
glenoid rim. The coronal sectioning of the unembalmed 
shoulder specimens demonstrated that the closest point 
between the axillary nerve and the glenoid rim was at the 
6 o’clock position on the inferior glenoid rim. At this posi-
tion, the average distance between the axillary nerve and the 
glenoid rim was 12.4 mm. The axillary nerve lay, through - 
out its course, at an average of 2.5 mm from the inferior 
 glenohumeral ligament.

Uno et al. [18] have studied the arthroscopic relationship 
of the axillary nerve to the shoulder joint capsule.

Twelve right shoulders in fresh cadavers were dissected to 
determine the relation of the axillary nerve to the shoulder 
capsule and glenoid. Needles transfixed the nerve to the cap-
sule and into the shoulder joint. Arthroscopy was performed 
to determine the location of the needles on the glenoid clock. 
The needles were then removed and the position of the shoul-
der changed to determine the effect on the position of the 
axillary nerve. The axillary nerve was held to the shoulder 
capsule with loose areolar tissue in the zone between 
5 o’clock and 7 o’clock and was close to the glenoid in the 
neutral position, in extension, and in internal rotation. With 
shoulder abduction, external rotation, and perpendicular 
traction, the capsule became taut and the axillary nerve 
moved away from the glenoid. Abduction, external rotation, 
and perpendicular traction increase the zone of safety during 
arthroscopic anteroinferior capsulotomy adjacent to the gle-
noid between the 5 o’clock and 7 o’clock positions.

The Brachial Plexus and Axillary Artery

Following McFarland [12], iatrogenic brachial plexus injury 
is an uncommon but potentially severe complication of open 
shoulder reconstruction for instability that involves dissec-
tion near the subscapularis muscle and potentially near the 
brachial plexus. They examined the relationship of the bra-
chial plexus to the glenoid and the subscapularis muscle and 
evaluated the proximity of retractors used in anterior shoul-
der surgical procedures to the brachial plexus. Eight fresh-
frozen cadaveric shoulders were exposed by a deltopectoral 
approach. The subscapularis muscle was split in the middle 
and dissected to reveal the capsule beneath it. The capsule 
was split at midline, and a Steinmann pin was placed in the 
equator of the glenoid rim under direct visualization. The 
distance from the glenoid rim to the brachial plexus was 
measured with callipers with the arm in 0°, 60°, and 90° of 
abduction. The brachial plexus and axillary artery were 
within 2 cm of the glenoid rim, with the brachial plexus as 
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close as 5 mm in some cases. There was no statistically sig-
nificant change in the distance from the glenoid rim to the 
musculocutaneous nerve, axillary artery, medial cord, or 
posterior cord with the arm in various degrees of abduction.

The Coracoids’ Process

Five fresh-frozen cadaveric shoulders were dissected by 
Lo et al. [10] to determine the dimensions of the coracoid 
and the distance from the coracoid to adjacent neurologic 
and vascular structures. The minimal distance from the cora-
coid tip to the axillary nerve, musculocutaneous nerve, the 
lateral cord of the brachial plexus, and the axillary artery was 
measured using a precision calliper. Similarly, the minimal 
distance from the base of the coracoid to the axillary nerve, 
musculocutaneous nerve, the lateral cord of the brachial 
plexus, and the axillary artery was measured.

The coracoids’ tip was defined as that portion of the bone 
that was distal to the “elbow” of the coracoid. Results showed 
that the mean width (medial-to-lateral dimension in the plane 
of the subscapularis tendon) of the coracoids’ tip was 15.9 ± 
2.2 mm, and the mean length of the coracoids’ tip was 22.7 ± 
4.5 mm. The mean thickness of the coracoids’ tip at its midpor-
tion was 10.4 ± 1.5 mm. The portion of the coracoids’ tip which 
was closest to the neurovascular structures was the anterome-
dial portion of the coracoids’ tip. The distance from the antero-
medial portion of the coracoids’ tip to the axillary nerve, the 
musculocutaneous nerve, the lateral cord, and the axillary 
artery was 30.3 ± 3.9, 33 ± 6.2, 28.5 ± 4.4, and 36.8 ± 6.1 mm, 
respectively. Similarly, the portion of the base of the coracoid 
that was closest to the neurovascular structures was its antero-
medial portion. The shortest distance from the anteromedial 
aspect of the base of the coracoid to the axillary nerve, the mus-
culocutaneous nerve, the lateral cord, and the axillary artery 
was 29.3 ± 5.6, 36.5 ± 6.1, 36.6 ± 6.2, and 42.7 ± 7.3 mm, 
respectively.

Procedures about the coracoid are relatively safe proce-
dures. The lateral cord of the brachial plexus is at greatest risk 
during dissection about the tip of the coracoid, and the axillary 
nerve is at greatest risk during dissection about the base of the 
coracoid. The safety of arthroscopic coracoplasty or interval 
releases is further increased by the fact that most of the work 
is performed on the lateral aspect of the coracoid, which is 
even further away from the neurovascular structures.
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Rotator Cuff Disorders: Arthroscopic Repair

Kevin D. Plancher and Alberto R. Rivera

Introduction

Rotator cuff disorders have been common as longevity and 
activity has increased. It is expected that 50% of the popula-
tion over 66 years of age will have bilateral rotator cuff tears 
[1]. Most patients with rotator cuff disease will be asymp-
tomatic and will arrive in the physician’s office without 
severe symptoms. Understanding the natural history and 
basic science studies have given us information to improve 
our understanding of this condition. These studies have also 
allowed us to intervene earlier and return patients back to all 
activities [46]. This chapter we will provide a review of rota-
tor cuff disorders, their anatomy, basic science, nonoperative 
and operative arthroscopic repair techniques.

Clinical Anatomy

An increase in understanding the footprint anatomy of the 
rotator cuff on the humeral head has helped achieve success-
ful surgical management [2]. The insertion has four zones: 
tendon, fibrocartilage, mineralized fibrocartilage, and bone. 
The supraspinatus and infraspinatus are attached at the greater 
tuberosity while subscapularis attaches at the lesser tuberosity 
(Fig. 1a–c). Average maximum insertional lengths and widths 
are as follows: subscapularis (SC): 40 × 20 mm; infraspinatus 
(IS): 29 × 19 mm; supraspinatus (SS): 23 × 16 mm; and teres 
minor (TM): 29 × 21 mm [5].

Open surgery has always relied on an understanding of 
the previously described rotator interval by Codman [4]. 
This interval is between the subscapularis and the anterior 
border of the supraspinatus tendon. Arthroscopists identify 
a different interval between the superior glenohumeral liga-
ment and the coracohumeral ligament [28] (Fig. 2a, b). This 
interval helps biceps tendon stabilization and plays a role in 
glenohumeral stability [7, 34]. Anterior Shoulder Pain due 
to biceps tendon instability because of injury to the anterior 
part of the supraspinatus or the subscapularis may require 
either a tenodesis or tenotomy to avoid further anterior 
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a b c

Fig. 1 (a) Arthroscopic view of normal supraspinatus muscle insertion 
in a right shoulder in a 32-year old professional athlete. (b) Arthroscopic 
view of normal infraspinatus muscle insertion in the right shoulder of 

same patient. (c) Arthroscopic view of normal subscapularis muscle 
insertion in a right shoulder of same patient

a

b

Fig. 2 (a) Anatomy of the anterior rotator interval in a schematic right shoulder. (b) Anatomy of the anterior rotator interval in a cadaveric 
model



Rotator Cuff Disorders: Arthroscopic Repair 97

shoulder pain at the time of a rotator cuff repair. More 
recently the posterior rotator interval has been described 
and may need to be released at the time of surgery to mobi-
lize the fibers between the supraspinatus and infraspinatus 
[36]. This interval must be closed to orient the sling of the 
rotator cuff in the repair of a massive tear [36]. Understanding 
the role of the suprascapular nerve as a pain generator will 
improve results for the orthopedic surgeon that undertakes 
a repair of a large or massive supraspinatus or infraspinatus 
tendon tear [8]. Recent studies have shown that large 
retracted tears stretch the suprascapular nerve leading to 
denervation atrophy [1]. The surgeon should consider nerve 
studies in these patients because failure to release the nerve 
in these patients can have a negative impact on the surgical 
outcome (Figs. 3 and 4).

Etiology and Pathogenesis

Atraumatic rotator cuff disease is thought to be multifacto-
rial with intrinsic and extrinsic factors playing a role in its 
pathogenesis. Injury can be elicited by many factors (Table 1). 

Cumulative microtrauma may lead to symptomatic tears, 
pain, and eventual dysfunction in the shoulder.

Painless rotator cuff tears are very common and are often 
associated with advancing age [46]. The source of pain in a 
rotator cuff tear has not been completely elucidated but it is 
clear that pain contributes to a cycle of kinematic abnormal-
ity that will eventually result in progression of the tear. 
Recent discoveries have shown that the subacromial bursa 
has an increased density of nociceptive nerve fibers in 
patients with rotator cuff disease [12, 43].

Natural History

Spontaneous healing of the rotator cuff does not occur in 
humans. There is strong evidence that all rotator cuff tears 
progress over time and that muscle atrophy with fatty infiltra-
tion is an irreversible process (Fig. 5a, b). Following a rotator 
cuff over a period of 5 years has shown that 22–50% of rota-
tor cuff tears will enlarge even in asymptomatic patients [47]. 
Animal studies have shown that all tears degenerate and 
progress with time. These changes can occur as early as 
6 weeks after detachment from the footprint with fat infiltra-
tion occurring as early as 16 weeks [44, 47]. Success in rota-
tor cuff surgery is measured in terms of pain relief and return 
of function. Although tear size contributes to retraction, the 
configuration of a tear may be more important [27]. Different 
configuration patterns may need different repair techniques. 
Retraction results in fatty infiltration and marked strength 
loss [11, 15]. Progression of the rotator can cause pain and 
loss of function but may also lead to glenohumeral arthrosis 
and coracoacromial arch degeneration [48] (Fig. 6). When 
this progression is carried out over a long period of time, 
more often than not rotator cuff arthropathy will develop.

The timing for repair of rotator cuff tears of all sizes has 
also been studied with delayed repair having poorer out-
comes [10]. We strongly believe that although the percentage 
of patients with asymptomatic rotator cuff tears is high early 
intervention in the treatment of patients with a rotator cuff 
tear will improve results. We do not recommend that a patient 
wait to allow a small or medium sized tear to develop into a 
disabling large rotator cuff tear before it is repaired (Fig. 7).

Fig. 3 Suprascapular nerve (arrow) released at the transverse scapular 
notch in a right shoulder

Fig. 4 Suprascapular nerve (arrow) released at the spinoglenoid notch 
in a right shoulder

Table 1 Intrinsic and extrinsic factors that may contribute to rotator 
cuff disease

Intrinsic factors
Muscle imbalance leading to dynamic instability
Normal aging degeneration

Extrinsic factors
Subacromial spurs
Coracoacromial enthesophyte formation
Subcoracoid impingement
Os acromiale
Subacromial bursitis
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Imaging

We routinely obtain a true anteroposterior view (Grashey 
View) and avoid an internal and external rotation, and unless 
trauma has occurred, an axillary view, outlet view. The 
zanca view is obtained when acromioclavicular pathology 
is expected.

Ultrasound has been successful for identifying rotator 
cuff tears in large academic centers (Fig. 8). Ultrasound has 
been found to have similar or better sensitivity for identify-
ing rotator cuff tears than an MRI [38]. Ultrasound success is 

a b

Fig. 5 (a) MRI demonstrating a partial thickness rotator cuff tear in a right shoulder. (b) MRI demonstrating progressions of a partial thickness to 
a full thickness rotator cuff tear in a right shoulder in a period of 2 years

Fig. 6 Anteroposterior radiograph demonstrating rotator cuff arthropa-
thy changes in a right shoulder of a 75-year old female patient with 
massive rotator cuff tear and failed rotator cuff repair

Fig. 7 Demonstrate a positive horn-blower sign in a 50 year old female 
with massive rotator cuff tear on her left shoulder
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dependent on the technologist performing the exam. We have 
begun the use of ultrasound and have found it extremely 
helpful in patients who return to the office in the early post-
operative period with increasing pain and weakness to deter-
mine the status of the rotator cuff.

MRI without contrast has been the gold standard to detect 
and evaluate the size and configuration of rotator cuff tears. The 
use of MRI also enables us to identify any associated intrarticu-
lar pathology. The MRI can assess the tear configuration, 

retraction, fatty infiltration, as well as the state of the biceps and 
subscapularis tendon most easily seen on the axial views. MRI 
will also reveal the presence of a spinoglenoid cyst that can 
complicate and or mimic rotator cuff disease [16]. Assessment 
of the acromioclavicular and glenohumeral joints as well as the 
configuration of the acromion must also be performed. This 
information as well as a well-documented history and physical 
exam will allow a roadmap to success. In our practice, we rou-
tinely convert a type III acromion to a flat type I acromion 
(Fig. 9a, b).

Nonoperative Management

Differences in study methodology may have influenced the 
lack of clear consensus regarding the care of rotator cuff 
disease. Nonoperative management has been attempted in 
the past, although the risk of progression and degeneration 
should be considered and convened strongly to the patient 
at the time of any office visit. The presence of tendinopathy 
and a small rotator cuff tear has a minimal risk of  prog ression 
over a short period of time and nonsurgical care may be 
attempted. Larger tears or symptomatic tears in young 
active individuals and acute tears (less than 3 months) have 
a significant risk of progression and surgical mana gement 
in our opinion and others is warranted [25]. The group of 

Fig. 8 Ultrasound of a left shoulder in a 59 year old male with a full-
thickness rotator cuff tear. White squares indicate borders of the tendon 
defect. SS supraspinatus tendon, HH humeral head

a2

a1 b

Fig. 9 (a) (1) A right shoulder 
radiograph (outlet view) 
demonstrating a type III 
acromion. (2) MRI showing a 
type III acromion. (b) A right 
shoulder radiograph (outlet view) 
after arthroscopic acromioplasty. 
Note a flat type I acromion
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older patients with large or massive symptomatic tears that 
have progressed to include fatty infiltration may benefit 
from a trial of nonsurgical treatment with a special focus of 
reestablishing the periscapular musculature through 
strengthening [48].

Anti-inflammatory medications have been shown to 
decrease mediators in the subacromial bursa [21]. A recent 
study showed that COX-1 receptors may be more effica-
cious than COX-2 inhibitors in treating pain emanating 
from the subacromial bursa [22]. Subacromial injections 
have been shown to be more efficacious than placebo but 
the use of these injections should be used judiciously as 
there is increasing evidence that rotator cuff collagen can 
be altered permanently and often an injection may be inad-
vertently placed in the tendon or muscle with a frequency 
as high as 25% [24].

Physical therapy and exercise has been found to be some-
what beneficial in short- and long-term studies in patients 
with small rotator cuff tears [3]. Patients with larger tears on 
the other hand have had inconsistent results with nonopera-
tive treatment. Many patients with rotator cuff disease 
develop posterior capsular tightness; therefore stretching 
should be incorporated in all rehabilitation protocols and 
especially in the overhead athlete. Strengthening of periscap-
ular musculature is vital and the addition of proprioceptive 
training along with plyometrics at the later stages of rehabili-
tation has also been found to be helpful. Modalities such as 
ultrasound, acupuncture, and extracorporeal shock wave 
therapy have not been found to be beneficial [13]. As subac-
romial pressures may be decreased by external rotation it is 
important to emphasize external rotators strengthening [17].

Partial Rotator Cuff Tears

Although debate exits as to the etiology and pathogenesis of 
partial-thickness rotator cuff tears, it is clear that arthroscopy 
has helped better define the patterns of partial tears and has 

improved outcomes for patients. The incidence of partial 
tears has been found in cadavers to occur in up to 32% [19, 
39]. Age and activity correlate strongly with the presence of 
partial rotator cuff tears.

The peak incidence of tears can be noted in patients in 
their fifth and sixth decades. Partial tears can either be artic-
ular or bursal (Fig. 10a, b). The incidence of bursal sided 
partial tears in asymptomatic individuals can be as high as 
26% in patients older than 60 years of age although the ten-
sile strength of the bursal side is stronger than the articular 
side [6, 41]. Articular side tears are more common in 
younger patients participating in overhead sports [26]. The 
origin of partial tears is no different than full thickness tears 
and is related to intrinsic and extrinsic factors. Age in the 
bursal sided tear, as already mentioned, is one of the stron-
gest risk factors for its creation. External Impingement syn-
drome has been proposed to contribute to the pathogenesis 
of rotator cuff tears, although its exact role has not been 
clearly defined. Other extrinsic factors include instability 
and trauma and have been proposed as contributors to bursal 
side rotator cuff tears. Histologic evidence supporting tears 
propagate with articular degeneration as the most common 
mechanism. This often occurs with greater involvement on 
the bursal side [23]. The natural history of partial tears has 
revealed that 50% progress at 1 year with 34% progressing 
to full thickness at 5 years [20]. A subacromial decompres-
sion with or without debridement of a partial tear does not 
halt progression.

Ultrasound and MRI can both be used to detect these 
tears. Definition of a partial thickness tear can be improved 
with the use of intrarticular contrast, fat suppression, proton 
density and external-internal rotation views. Magnetic 
Resonance Arthrography (MRA) has improved our ability to 
diagnose these tears with a sensitivity of 91%, specificity of 
85%, positive predictive value 84%, and a false negative rate 
of 9% [18].

The Ellman classification system has been most com-
monly used and its description of the tear size and pattern 
after arthroscopic debridement is quite helpful (Table 2) [8]. 

a b

Fig. 10 (a) Arthroscopic views of a partial 
thickness bursal side rotator cuff tear in a 
right shoulder. (b) Arthroscopic view 
through the posterior portal of a small 
partial-thickness tear of the articular side 
of the rotator cuff and arthroscopic view 
through the posterior portal of a deep 
partial-thickness tear of the articular side 
of the rotator cuff
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Snyder has also classified partial rotator cuff tears [42]. 
Most recent attempts to classify partial rotator cuff tears 
have demonstrated that neither the classification of Snyder 
nor that of Ellman reproduced the extension of the partial-
thickness rotator cuff tear in the transverse and coronal 
planes related to its etiologic pathomorphology [14]. The 
treatment and repair of these tears is beyond the scope of 
this chapter.

Full Thickness Rotator Cuff Tears

Full thickness rotator cuff tear was originally treated non-
operatively with poor outcome in most patients [29]. 
Debridement has failed to achieve good results [30]. Open 
techniques were developed and fair to good results were 
noted depending on the size of the tear. Arthroscopy 
evolved to yield results better or comparable to open or 
mini-open techniques [31]. This chapter will discuss those 
new techniques.

Full Thickness Tears: Massive Rotator Cuff

Massive rotator cuff tears are defined as being larger than 
5 cm, and or involving two or more tendons of the rotator 
cuff. A massive rotator cuff tear will lead to eventual loss of 
the force coupling action. This is required to keep the 
humeral head centered and that in turn leads, in a majority of 
patients, to a pseudoparalysis. Migration of the humeral head 
superiorly and the eventual formation of what is known as 
acetabularization of the acromial arch will ensue if the rota-
tor cuff is not repaired.

Massive rotator cuff tears, a type of full thickness tear 
can occur in young patients after a sporting event or 
trauma but may occur in older patients from chronic attri-
tion. Patients can rarely have a well-balanced force couple 
even with a massive tear allowing them to have excellent 
function.

The physical exam of most of these patients will show 
atrophy of the shoulder musculature (Fig. 11). External rota-
tion lag signs and horn blower’s sign are often positive in this 
patient population.

Suprascapular neuropathy is present in all patients with 
massive rotator cuff tears and should be checked with an 
EMG/NCS [37]. Up to 30% of patients have nerve damage in 
the presence of any rotator cuff disease [9]. We have recently 
advocated a more aggressive approach for this reason to this 
nerve [34, 35].

Operative Management: Full Thickness 
Rotator Cuff Arthroscopic Repair,  
A Stepwise Approach

Surgical management may be recommended after an appro-
priate program of nonoperative treatment. Understanding the 
natural history of a rotator cuff tear encourages early surgical 
intervention when appropriate.

Arthroscopic repair of the rotator cuff has a steep learning 
curve and the surgeon needs to have the skills to comfortably 

Table 2 Ellman classification of partial-thickness rotator cuff tears

Grade Description

I <3 mm (<25% tendon thickness)
II 3–6 mm (25–50% of tendon thickness)
III >6 mm (>50% of tendon thickness )

Location

A Articular sided
B Bursal sided
C Intratendinous

Fig. 11 Muscular atrophy of a right shoulder in a patient with massive 
rotator cuff tear and electrodiagnostic evidence of entrapment of the 
suprascapular nerve at the transverse scapular ligament
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perform the surgery. The goal of a tension-free repair in a 
reasonable amount of time should be attempted otherwise 
converting to a mini-open or open technique to complete the 
task should be performed. Tissue mobilization techniques 
and the principle of margin convergence allow us to treat all 
tears arthroscopically. When a tear is associated with biceps 
tendon pathology we perform a subpectoral biceps tenodesis 
with a 3 cm incision. Any patient that is not willing to com-
ply with rehabilitation protocol or is medically debilitated 
with a very low functional demand should not have a rotator 
cuff repair. While fatty degeneration and atrophy can affect 
the outcome they are not absolute contraindications to repair 
in our practice.

All patients with massive rotator cuff disease must have 
an Electromyography-Nerve Conduction study (EMG-NCS) 
preoperatively to verify any entrapment of the suprascapular 
nerve. A History and Physical exam along with all ancillary 
tests including an MRI help in the preoperative planning.

All cuff repairs are performed with an interscalene block 
and position the patient in the beach chair position. Tendon 

debridement for partial rotator cuff tears may be done with or 
without an acromioplasty depending on the presence of a bur-
sal sided rotator cuff disease greater than 50% for the very low 
demand patient or 30% for the higher demand patient. If a tear 
is on the bursal side and fraying of the coracoacromial liga-
ment is seen, we recommend a subacromial decompression 
with acromioplasty. A radiofrequency device or shaver may 
be used with a posterior cutting block technique or the proce-
dure is performed from the lateral portal with removal of the 
inferior osteophyte at the acromioclavicular joint (ACJ) along 
with the subacromial decompression. In the throwing athlete a 
bursectomy is performed and a subacromial decompression is 
rarely necessary. This group of patient’s problem is more of 
internal impingement with posterior capsule tightness and 
anterior laxity not external impingement. They have an articu-
lar sided tear rather than a bursal sided tear. Tendon repair 
decisions are determined by the size and depth of the tear. 
Debridement of the devitalized or delaminated tissue is done 
followed by repair using suture anchors. If there is a partial 
articular sided supraspinatus avulsion with at least 25% 

Fig. 12 (a–d) Full thickness rotator cuff tear configurations and repair 
with some demonstrating margin convergence techniques. SS supraspi-
natus, IS infraspinatus, RI rotator interval, Sub subscapularis, CHL 

coracohumeral ligament. (a) Crescent-shaped rotator cuff tear. (b) 
U-shaped rotator cuff tear. (c) L-shaped rotator cuff tear. (d) Massive 
rotator cuff tear

a b
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healthy remaining tissue on the bursal side, transtendinous 
repair can be done with good recreation of the anatomic foot-
print and tension of the rotator cuff tissue.

The fixation anchors are inserted at a 45° angle to the 
bone. Ideally, the anchors should be 5 mm from the articular 
margin of the humeral head to ensure placement of a repaired 
tendon to the footprint.

Configuration Type

Arthroscopy can evaluate rotator cuff tears from various 
angles. Four types of tears have been described: Crescent-
shaped, U-shaped, L-shaped, and the massive rotator cuff 

tear (Fig. 12). Crescent-shaped tears may become massive 
but are often not retracted [44]. Attempts to mobilize these 
tears are usually successful from a medial to lateral posi-
tion with placement easily on the humeral head footprint. 
Tears that have a U-shaped pattern are more extensive and 
a principle of margin convergence must be followed. 
Another type of rotator cuff tear is the L-shaped tear. The 
best way to address this tear is to use the principle of mar-
gin convergence and repair for the longitudinal split and 
then place the repair back down to the footprint. The fourth 
type of tear is seen in massive rotator cuff tears. This tear 
comprises 5–10% of the tears and requires, in very 
retracted or immobile tears, special techniques to achieve 
a successful repair [47].

c

d

Fig. 12 (continued)
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Equipment

Thirty degree and 70° arthroscopic lens, with appropriate 
sized cannula, are necessary for a successful repair of the 
rotator cuff.

Studies have shown that anchor fixation is less prone to 
cyclic failure than fixation through bone tunnels. Single-row 
fixation has been used by many surgeons (Fig. 13). In vitro 
has shown a mode of failure with the suture pulling out of the 
tendon. A configuration for single-row fixation with two dou-
ble-loaded anchors placed laterally at the footprint will allow 
the passing of sutures through the tendon. Knots are tied in a 
horizontal mattress simple configuration. This description is 
known as the double-row technique. Recent research has 
pointed out that results from single- and double-row repairs 
are similar [40]. Double-Row Rotator Cuff repair was 
described originally to better reestablish the anatomic foot-
print [33] (Fig. 14). Opponents to this technique argue that 
the tissue is tightly tied at the footprint and may hinder rota-
tor cuff revascularization and eventual healing (Snyder S, 
personal communication, 2009).

Triple Row arthroscopic rotator cuff repair has been 
recently described (Fig. 15) [32]. This technique has been 
described as a way to better place the lateral portion of the 
cuff in its anatomic footprint and avoid the so called “dog 

ears.” The surgeons that champion this procedure place the 
patient in the lateral decubitus position with 50° arm abduc-
tion and 10–15 lbs of traction in an axial manner. Systolic 
blood pressure should be maintained no greater than 
100 mmHg to help hemostasis as long as there are no medi-
cal contraindications. We also advocate this maintenance of 
blood pressure in the beach chair position.

The remaining description is valid for any position that 
the patient is placed in. The posterior portal is established, 
glenohumeral arthroscopy is done and all intrarticular pathol-
ogy is addressed with a working anterior portal. The lateral 
portal is established and the subacromial space inspected 
through. A subacromial bursectomy is performed in addition 
to acromioplasty when appropriate. The coracoacromial lig-
ament is released with a radiofrequency device. The rotator 
cuff tear is defined and a grasper utilized through a lateral 
portal to asses tear mobility. Attention is directed to the 
foot print and a shaver or burr is used to decorticate lightly 
the surface to allow good anchor purchase and healing to 
bone. A bleeding surface should allow better tendon to bone 
healing.

Anchors are inserted at 1 cm intervals, 5 mm from the 
articular surface at a 45° angle. Several suture passing tech-
niques can be used. A piercing device or lasso can be used in 
a retrograde fashion to pass suture. An alternative way to 

Fig. 13 Demonstrate single-row arthroscopic rotator cuff repair

Fig. 14 Double-row rotator cuff repair Fig. 15 Triple row schematic rotator cuff repair construct
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pass sutures through the tendon is to use a “Bird beak” type 
instrument and directly grasp the desired suture after piercing 
the tendon. A third way of passing sutures through the tendon 
is to use a “Viper suture” or front loading biting instrument.

The importance of secure knot tying cannot be underempha-
sized. In our practice we use a modified Weston Knot (Sliding 
Locking Knot) followed by four to five alternating half stitches.

Full Thickness Tears: Subscapularis  
Tendon Tears

Subscapularis tendon tears can be particularly disabling. 
There is a bimodal distribution of the populations of these 
patients. The mechanism of action of this injury is a forced 
external rotation against a contracted subscapularis muscle. 
Others can tear the tendon after a repair is performed during 
open shoulder surgery as it is needed to gain access to the 
glenohumeral joint during an instability procedure. Physical 
exam reveals internal rotation weakness with a positive belly 
press and lift-off tests [2]. The belly press is more specific 
test for an upper subscapularis injury and the latter for lower 
subscapularis tendon injury. Magnetic resonance imaging is 
the modality of choice to define these tears and, more often 
than not, will reveal an associated subluxation or a disloca-
tion of the biceps tendon. The indications to repair the sub-
scapularis have increased but include pain Goutallier 3 fatty 
degeneration and or positive physical exam findings [45]. 
Repair is contraindicated in a patient who is pain-free, with 
the presence of pseudoparalysis, with fatty degeneration 
rotator cuff arthropathy.

Operative Management: Arthroscopic 
Subscapularis Repair Stepwise Approach

The arthroscopic repair of the subscapularis by a surgeon 
should not be undertaken until a supraspinatus and infraspina-
tus repair can be performed routinely (Fig. 16). A 70° suture 
shuttle can be helpful. The beach chair position is utilized.

Upon completion of a diagnostic scope with the 30° 
scope a spinal needle is placed in the rotator interval more 
medial than a standard anterior portal but still lateral to the 
coracoid to prevent damage to the musculocutaneous nerve. 
A cannula is placed. A lateral portal is established 2–3 cm 
from the lateral border of the acromion in line with a bisec-
tor of the anteroposterior length of the acromion. This portal 
will be used to perform a coracoplasty and also aid in suture 
management. A fourth portal, the anterolateral portal is also 
placed in the rotator interval with the help of a spinal needle. 

This portal is more lateral and anterior to the previously 
placed portal, typically 1–2 cm superior and 2 cm lateral to 
the standard anterior portal. The most medial anterior portal 
will be used for anchor placement as localization with spinal 
needle will ensure correct direct placement.

The lateral portal is placed 2–3 cm inferior to the lateral 
border of the acromion on the anterior one-third line. A com-
plete diagnostic exam is completed. The 30° arthroscope is 
kept anteriorly in place and the arm is held in place with 
internal rotation and with some abduction. The tendon is 
identified, and the rotator interval is excised through anterior 
portal. The periosteum of the lateral side of the coracoid is 
cleared with an electrothermal device. A 4 mm burr is used 
to remove bone from the periosteum and to remove bone 
from the posterolateral aspect of the coracoid to enlarge an 
area for the subscapularis tendon (5–6 mm space should be 
available between the coracoid and the subscapularis). 
A biceps tenodesis in now performed if the biceps is still 
attached as it is usually subluxed. A 30° or 70° scope is used 
to define subscapularis footprint. A 5 mm shaver thru the 
anterolateral portal or anterior portal is used to prepare the 
lesser tuberosity. An anchor is placed through the most 
medial anterior portal. The sutures are retrieved outside the 
cannula after placing a switching stick, taking the anterior 
cannula out and reinserting the cannula having all the sutures 
on the outside it on the medial side. A second anchor is 
placed more superior to the last anchor into the lesser tuber-
osity at least 5–8 mm from the most inferior anchor. The 70° 
lasso is used to pierce the subscapularis tendon. Steps are 
repeated and a mattress suture configuration is performed. 
A grasper is used from the anterolateral portal to retrieve the 
lasso and an unpaired suture is shuttled out the anterolateral 
portal using a grasper or a crochet hook. A second lasso is 
used to pierce the tissue inferior and 5 mm lateral to create a 
mattress configuration repair. All knots are tied. Portals are 
closed. A sling with a strap to avoid external rotation is 
placed on the patient (Figs. 17a, b).

Fig. 16 Arthroscopic view of a subscapularis full-thickness tear in a 
right shoulder beach chair position, 70° arthroscope from the posterior 
portal with the lesser tuberosity on the right
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Future Trends in Rotator Cuff Surgery

Despite all of the technological advances discussed above, 
there is still a high number of failed arthroscopic rotator cuff 
repairs. People are living longer and remain active well into 
the golden year which increases the likelihood of symptom-
atic rotator cuff tears. There are biologic and technical fac-
tors that the surgeon can and cannot control when dealing 
with this problem. These factors include age and general 
health of the patient (diabetes), operative technique, age of 
the tear, muscle atrophy, and environmental factors such as 
smoking, activity level, and rehabilitation potential and com-
pliance. Some of the future techniques and trends that might 
help solve this problem are evolving today.

Future suture passing devices will allow for complex 
suture configuration on the tendon to maximize the tendon–
suture interface strength. One technique is a method that 
brings more blood flow and mesenchymal cells into the sub-
acromial space. It involves a microfracture technique medi-
ally in the tendon footprint and then a single-row repair with 
triple-loaded anchors. Other surgeons have developed a revo-
lutionary punch-in anchor that allows the surgeon to control 
the amount of tension that each individual suture places on 
the cuff after the anchor has been deployed in the bone as we 
are aware that overtensioning the repair can lead to cata-
strophic consequences including decreased blood supply, 
failure of the repair, and irreparable myotendinous junction 
tears. Some surgeons use a technique and instrumentation for 
a transosseous anchorless arthroscopic cuff repair (Fig. 18). 
The benefits include use of proven and gold-standard bone 
tunnels technique, better blood supply from the bone with 
marrow cells available, endless suture configurations that best 

suit the surgeon, cost-saving (no anchors), avoiding potential 
problems with anchors, no MRI/CT artifact post-op, and 
technically an easier revision surgery if needed. Other instru-
ments will allow knotless repair to be performed in a reliable 
manner (Fig. 19a–c).

Research is being performed on a high-tensile strength 
suture coated with growth differentiation factor-5 that has 
had good results with animal models. rhGDF-5 induced sig-
nificant tendon hypertrophy and tendons repaired with 

a bFig. 17 (a) Arthroscopic view of a 
subscapularis full-thickness tear; lesser 
tuberosity decortication from anteromedial 
portal. (b) Anchor placement at the lesser 
tuberosity in same patient as Fig. 17a

Fig. 18 “Arthrotunneler” (Courtesy Pedro Piza, M.D. With permission 
Tornier, Inc.)

a

b

Fig. 19 (a–c) Schematic of the “Piton Anchor” system used to perform 
knotless rotator cuff repair (Courtesy Pedro Piza, M.D. With  permission 
Tornier, Inc.)
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rhGDF-5 showed an increased rate of healing versus control 
repairs. This group is also working on blockage of matrix 
metalloproteinase at the cellular level to enhance tendon heal-
ing. Finally, platelet-rich fibrin and other growth factors to 
promote tendon healing have been advocated. This PRP along 
with better biological patches to augment tenuous repairs 
with almost no side effects are in use. Future trends in rotator 
cuff tendon healing will focus on enhancing the biological 
environment with growth factors, pharmacologic agents, and 
tissue engineering to return our patients to the playing field.

Summary

Arthroscopic treatment of rotator cuff surgery has 
improved. Although the etiology of rotator cuff disease is 
not completely understood, the intrinsic and extrinsic fac-
tors that may play a vital role on the pathogenesis are 
understood as contributing factors. Understanding of the 
anatomy of the rotator cuff is necessary for successful 
arthroscopic care. It is vital in this surgery to inspect both 
the bursal and articular sides of the cuff, and with this 
information and taking into account patient desires and 
their health, make an appropriate decision because the 
likelihood of progression for partial rotator cuff tears rec-
ommends early repair, especially in the active patient. 
Patients with larger tears may also benefit from a more 
aggressive treatment approach and a complete preopera-
tive assessment that should include nerve conduction stud-
ies looking for suprascapular nerve dysfunction, and then 
performing release athroscopically as needed. We believe 
that surgeons should be more aggressive in repairing a tear 
that is smaller than 50% in a young high demand patient. 

The care of patient with failed rotator cuff surgery is 
beyond the scope of this chapter. We believe that an 
arthroscopic rotator cuff repair has a steep learning curve 
and it should be done only by a surgeon with knowledge 
and those who practice the techniques repeatedly to per-
fection to help our patients return to all their activities.
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Current Concept: Arthroscopic Transosseous 
Equivalent Suture Bridge Rotator Cuff Repair

Mehmet Demirhan, Ata Can Atalar, and Aksel Seyahi

Introduction

Surgical repair is recognized as the standard treatment for 
patients with symptomatic rotator cuff tear. Physiologically 
young and active patients need early repair of rotator cuff 
tear to achieve prompt return to daily and sports activities.

More evidences are now available that nonoperative treat-
ment of the rotator cuff tears leads to irreversible changes in 
the tendon, and to irreparable massive tears [63] Today, even 
fatty degeneration of muscle belly is no longer regarded as a 
strict contraindication for rotator cuff repair [16]. On the 
other hand, in a prospective study, early repair of symptom-
atic supraspinatus tears has been shown to provide better 
clinical results and to prevent tear propagation [42]. In the 
light of these scientific proofs, rotator cuff repair is the pre-
ferred treatment in most cases.

Arthroscopic rotator cuff repair has several advantages 
over open surgical repair. Arthroscopy enables the evaluation 
and treatment of accompanying glenohumeral joint problems 
[40]. It also allows better visualization and more comprehen-
sive assessment of rotator cuff. Tendon mobilization may be 
facilitated precisely to allow tension-free repair. Furthermore, 
preserving deltoid origin results in less soft tissue damage 
and less postoperative pain [10].

Evolution of Arthroscopic Rotator  
Cuff Repair

After 1990, with improvement of arthroscopic techniques 
and suture anchors, first series of all arthroscopic rotator cuff 
repairs were published. In the early 2000s Burkhart et al. 
described principles of rotator cuff repair, such as tear type 
recognition, correct anchor placement, multiple suture 
anchor design, and loop and knot security [12]. Despite the 
use of principle-based repair methods, failure rates in 
arthroscopic rotator cuff repair series remained high for 
nearly 10 years [8, 28, 30, 32, 34, 45]. The main problem 
was retear of repaired cuff. Today, rotator cuff repair 
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researches focuses on: (1) biomechanically strong and dura-
ble fixation methods and (2) on improving tendon-bone heal-
ing by reconstruction of anatomic footprint of rotator cuff.

We will summarize improvements in these fields, evolu-
tion of double-row philosophy and our preferred arthroscopic 
double-row suture bridge transosseous equivalent rotator 
cuff repair technique.

Biomechanical Improvements

“Transosseous sutures” were the preferred fixation technique 
in traditional rotator cuff repair. In the beginning of arthroscopic 
repair procedures, suture anchors played a great role [50]. 
Several authors showed rotator cuff repair with arthroscopy to 
be a feasible method [20, 32, 57]. Anchors provided secure 
fixation on sutures to the bone with minimal invasive meth-
ods, without transosseous tunnels.

Due to high failure rates in arthroscopic repair series of 
larger rotator cuff tears, biomechanical properties of suture 
anchor repair was questioned. Weakest links in the repair 
chain were determined as interfaces between anchor–bone, 
suture–anchor, and suture–tissue [41]. Newer anchor designs 
had overcome the problem of cutting off from bone. Screw 
type, 5–6 mm diameter metallic and bioabsorbable anchors 
are nearly standard devices now. Placing the anchor parallel to 
the bisector of lines tendon pulling vector and perpendicular 
to bone (dead man’s angle) helped to achieve more stable 
bony purchase [11]. Older anchor designs might cause suture 
failure due to friction at the anchor eyelet [5]. But suture fixa-
tion in the anchor also was changed and this type of failure 
also does not occur anymore. Bioabsorbable anchors are being 
more preferred than metallic ones because they have high fail-
ure loads, less complication rates, and build no artifact in post-
operative magnetic resonance imaging studies [44].

Tendon grasping and obtaining durable reconstruction 
with sound knots is technically the most demanding part in 
arthroscopic repair. Mason Allen type suture was known as 
the strongest soft tissue grasping method in classic open 
repair [31]. Due to retrograde and antegrade suture passing 
devices, arthroscopic methods replicating Mason Allen 
suture were introduced, by combining one mattress and one 
simple suture [52]. However, their holding strength did not 
overcome mattress or simple sutures alone [53]. Secure knots 
with braided sutures may also be achieved either with lock-
ing or non-locking techniques. Knot security problem was 
solved with well-described methods in the past years [15].

Despite these big steps in arthroscopic repair techniques, 
high failure rates were still reported especially in large to 
massive tears series [8, 28, 30, 32, 34, 45]. Ultrasound and 
MRI evaluations revealed retear rates up to 40–90% [28, 
30, 34]. At this point, researchers introduced double-row 

concept with using medial and lateral row anchor place-
ment to strengthen the initial strength of repair complex 
[25, 36]. Biomechanical studies revealed that adding lateral 
row or a transosseous suture to the medial row anchor fixa-
tion significantly improves the initial and ongoing strength 
of repair [6, 21].

Anatomic “Footprint” of the Rotator Cuff  
and “Double Row” Philosophy

Anatomic studies on rotator cuff insertion had described an 
area called “footprint.” Footprint area of the supraspinatus 
tendon consists of a mean medial-to-lateral 15 mm width and 
21–25 mm anterior–posterior length [19, 23] This area begins 
immediately at lateral end of the articular cartilage and cov-
ers the top of greater tubercle.

Cadaveric and computer model studies revealed that 
with single-row anchor repair, only 46–67% of original 
anatomic footprint may be covered [3, 39]. Further - 
more, with transosseous repair larger area of contact was 
obtained [3].

To achieve less failure rates, more anatomic repairs were 
aimed. Double-row anchor rotator cuff repair was introduced 
for enlarging the tendon bone contact area and for reducing 
tension over each suture [25, 36]. Biomechanical evaluations 
confirmed the hypothesis about contact area. Mazzocca et al. 
observed that double-row repair consistently restored larger 
footprint area than single row construct, but they did not find 
any significant difference between two types of repairs 
regarding biomechanical properties, such as load to failure 
and gap formation under cyclic loading [38]. In contrast, 
other studies reported that double-row constructs achieved 
superior resistance to gap formation and higher ultimate fail-
ure load than single-row repair [6, 37, 56].

Transosseous repair has a long clinical history and have 
been shown in multiple studies to have superior biomechan-
ical properties when combined with suture anchors. Adding 
a transosseous suture to the single row suture anchor repair 
nearly doubled ultimate failure strength [21, 61, 62]. Contact 
area and pressures were also studied to compare single-row 
and transosseous repair techniques. Transosseous repair 
revealed significantly higher contact pressure in a larger 
area [47]. Some authors placed second-row anchors at the 
lateral side of the greater tubercle, outside of the foot print 
area, to mimic a transosseous suture, and they have reported 
lower failure rates than single-row repair [2, 35]. The stud-
ies also showed that repair site integrity was durable during 
biological healing period. In another study with animal 
models double-row repair resulted in better biological heal-
ing with superior biomechanical properties than the single-
row repair [46].
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At the same time period, knotless anchors with suture 
locking with pressure between bone tunnel and anchor were 
introduced [13]. These types of anchors were used in “tran-
sosseous equivalent suture bridge technique.” Suture bridge 
technique was first introduced by Park et al. in 2006 and has 
become a widely accepted method in the treatment of 
medium to large tears [48]. Suture bridge is a kind of 
 double-row repair, however, it stands one step ahead of it, 
due to being less difficult and reproducing larger contact 
area with higher pressure at the tendon – bone interface 
[49]. This type of repair allowed less tissue extravasation 
than simple suture repair in a cadaveric model. Authors 
concluded that double-row repair may potentially enhance 
rotator cuff healing [1].

Author’s Preferred Technique

We prefer beach chair position in all arthroscopic rotator 
cuff procedures. Thorough examination of glenohumeral 
joint and release of intra-articular adhesions in necessary 
cases is the first step of arthroscopic rotator cuff repair. 
Medial part of footprint area is debrided from fibrous tissue 
while the camera is still in the glenohumeral joint (Fig. 1). 
This step helps to understand the shape and the size of the 
tear from the articular side (Fig. 2a). Afterward, the camera 
is moved to the subacromial space. Meticulous debridement 
of bursal tissue and extra-articular adhesions is essential for 
mobilization of torn tendon, good visualization, and easier 
suture passage. Acromioplasty is performed as determined 
in the preoperative planning. Distal clavicle resection is 
also added, if necessary. Before the repair, debridement of 
floppy fibrous tissue at the tendon-end should be done and 
bleeding surface on the whole footprint area should be 
ensured.

We usually place one anchor per 1 cm of tear. If the tear 
size is between 1.5 and 2.5 cm in anterior to posterior 
dimension we prefer to use two anchors (Fig. 2b) and if the 
tear size is 2.5–3 cm we prefer to use three bioabsorbable 
screw-type anchors at the medial row. Anchors are placed 
more than 6 mm apart from each other (Fig. 3). Entry hole 
is immediately at the articular cartilage and to achieve dead 
man’s angle, the arm is adducted during their insertion. 
Every anchor is loaded with two sutures with different col-
ors. Initially, posterior sutures are passed in U- or V-shaped 
tears. In L-shaped tears, where the corner of the tear has to 
be fixed to the anterior part of the foot print, anterior sutures 
might be passed first. Good tendon grasping is achieved by 
rotating the arm for finding the best place to pass the suture. 
Free bird-beak-type suture graspers (Arthrex, Naples, 
Florida, USA), clever hook (Depuy Mitek, Raynham, 
Massachusets, USA), Suture Lasso (Arthrex, Naples, 
Florida, USA) (Fig. 4), or Scorpion (Arthrex, Naples, 
Florida, USA) (Fig. 5)-type suture passing devices with 
different shape and angles can be used. Medial row sutures 
are passed at least 1 cm medial than the lateral end of ten-
don tissue. Arthroscopic knots are tied in sliding or non-
sliding fashion by respecting the row of suture passing 
(Fig. 2c). First passed sutures are tied first. For each anchor 
one knot is left with suture ends, while the suture ends of 
the other knot is cut with arthroscopic scissors (Fig. 6). 
Remaining four suture ends from two sutures, with differ-
ent colors, are used to build suture bridge (Fig. 2d). One 
end from the anterior and the other from the posterior 
anchor are fixed to the lateral cortex, approximately 1 cm 
lower than lateral end of the footprint, using Pushlock 
(Arthrex, Naples, Florida, USA) suture locking-type anchor 
(Figs. 2e and 7). Same step is repeated at a more posterior 
(7–10 mm) point on the lateral cortex. Step is repeated if 
three anchors were used, at a more posterior point. At the 
end of procedure, repair construct should look like letter 
“M” (Figs. 2f and 8).

More recently, in cases with large to massive tears, we 
prefer to use tape-like suture material, Fibertape (Arthrex, 
Naples, Florida, USA), fixed in a tunnel with bioabsorbable 
screw (Bio Swivel Lock (Arthrex, Naples, Florida, USA) to 
build medial row (Fig. 9). Sutures are passed through the 
tendon and knotting is not performed. Lateral row is estab-
lished using the tape-like sutures from the medial row again 
with knotless anchors as described before. This completely 
knotless repair helps to accelerate the procedure with passing 
fewer sutures and surpassing knotting step. Since the mate-
rial is much broader than braided conventional sutures, con-
tact area at the repair site increases. Knotless repair with 
tape-like suture was biomechanically tested earlier and the 
study showed that this type of repair complex had presented 
no disadvantage against double-row repair with classical 
suture anchors with knots [58].

Fig. 1 Debridement of the footprint area. Note the greater tubercle and 
footprint area (black bar)



112 M. Demirhan  et al.

Fig. 3 Medial row anchors (black arrows) are placed more than  
6 mm apart from each other

Fig. 4 Use of a suture lasso (white arrow) to pass the sutures of the 
medial row anchors (black arrows). IS infraspinatus, SS supraspinatus

Fig. 5 Use of Scorpio (black arrow) for suture passing. A grasper 
(white arrow) catches the tip of the passed suture

Fig. 6 For each anchor one knot has been left with suture ends (black 
arrows), while the suture ends of the other knot has been cut. P poste-
rior, M medial, A anterior, L lateral

Fig. 2 (a) Footprint area and 
tendon ends are debrided before 
the repair. (b) Insertion of the 
medial row anchors. (c) The 
knots are tied and medial row 
repair is completed. (d) Four 
suture ends from two sutures are 
used to build suture bridge. 
(e) The suture ends of the medial 
row anchors are fixed with a 
pushlock to the lateral cortex for 
the lateral row repair. (f) At the 
end of procedure repair construct 
should look like letter “M”
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Clinical and Anatomic Outcomes of Series

Results of clinical series with double-row repair usually 
revealed good results [35, 48, 59]. However, series with con-
trol group of single-row repair reported contradicting results. 
A systematic review of five comparative studies revealed no 

difference between single- and double-row repair groups in 
terms of clinical outcome and failure rates [43]. Some series 
advocated better healing and less failure rate [18, 24, 59], oth-
ers concluded that there was no difference between double-
row and single-row repair groups [4, 27]. Another recent 
systematic analysis studied six prospective randomized trials 
with a total number of 388 patients revealing that there appears 
to be a benefit in structural healing when an arthroscopic rota-
tor cuff repair is performed with double-row fixation as 
opposed to single-row fixation. However, they found little 
evidence to support any functional differences between the 
two techniques, except, possibly, for patients with large or 
massive rotator cuff tears. They have concluded that double-
row fixation may result in improved structural healing at the 
site of rotator cuff repair in some patients, depending on the 
size of the tear [51] Burkhart and Cole [14] criticized some of 
these studies because of small patient numbers [27, 60] and 
comparing single-row repair and not the standard double-row 
technique [17, 38]. Authors concluded that the only prospec-
tive randomized trial with proper power analysis revealed 
retear rate in transosseous equivalent suture bridge group 
which is significantly lower than single row repair group [29]. 
It has been emphasized that great advantage of cuff repair is 
gaining strength, and the only way to assess tendon healing 
clinically is improved muscle forces. Therefore, they suggest 
that there is a need for developing new outcome tool that 
addresses quantifying postoperative gains in strength [14].

Despite all efforts, failures, even though their percent-
age declines, still do occur following arthroscopic rotator 
cuff repair. Patient series with long follow-up have investi-
gated prognostic factors that might affect clinical results. 
Larger defects, interstitial delamination of cuff tissue, fatty 
degeneration, older patients, and late admittance for sur-
gery were determined to be the main poor prognostic fac-
tors [9, 26, 45, 55]. Surgeons should consider these factors 
before consulting their patients about rotator cuff repair 
and its results.

Future Aspects

While attempts are made to improve mechanical strength 
and enlarge contact area in the repair site, investigations are 
also continuing to get better and more rapid biological heal-
ing. Therefore, derivates like bone morphogenetic protein 
(rh BMP) [54], insulin-like growth factor (IGF-1) [22], and 
matrix metalloproteinase inhibitors (Alpha-2 macroglobu-
line) [7] were studied in animal models. All studies obtained 
encouraging results regarding mechanical and histological 
evaluations. However, mesenchymal stem cell application at 
the rotator cuff repair site brought no advantage yet in another 
animal study [33].

Fig. 7 One end from anterior and the other from posterior anchor are 
fixed to the lateral cortex with a Pushlock (white arrow). P posterior, 
A anterior

Fig. 8 The final “M”-like view of the double-row suture bridge rotator 
cuff repair. Black arrows point medial anchors, and white arrows lateral 
pushlocks. P posterior, M medial, A anterior, L lateral

Fig. 9 Fiber tape (black arrow) is a tape-like suture materal suitable for 
the large and massive rotator cuff tears. A Bio Swivel Lock (white 
arrow) can be used for the fixation of the fiber tape in the medial row 
repair
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Summary and Conclusion

Clinical outcome of arthroscopic rotator cuff repair is proven 
to be successful as traditional open or mini-open techniques 
in long-term follow-up. For patients, early recovery and less 
postoperative pain, for surgeons, better visualization and ten-
don mobilization, are the main advantages of the arthroscopic 
method. Today more anatomic and stronger repair is possible 
with transosseous equivalent suture bridge technique. The 
technique had been nearly a standard operative procedure in 
arthroscopic repair of medium to large sized rotator cuff tears 
in our hands. With longer follow-up, importance of tran-
sosseous equivalent suture bridge repair will be better under-
stood. In future, rotator cuff investigation will focus on the 
methods to achieve better tendon-to-bone biological healing 
and recover fatty infiltration at the muscle unit.
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Posterosuperior and Anterosuperior 
Impingement in Overhead Athletes

Chlodwig Kirchhoff, Knut Beitzel, and Andreas B. Imhoff

Introduction

In overhead athletes, the shoulder is significantly stressed, 
especially during distinct phases of throwing motions [33]. 
These patients typically present with complaints of poste-
rior shoulder pain when the arm is abducted and maximally 
externally rotated (late cocking and acceleration phases of 
throwing) [4]. Symptoms may be vague and the athlete may 
only report about a gradual onset of loss of velocity or control 
during competition often known as dead arm syndrome [11]. 
Other common complaints are a tight and uncomfortable 
feeling in the shoulder during throwing along with a difficulty 
in warming up the upper extremity [35]. The majority of ath-
letes do not recall a single acute event, but report about an 
acute exacerbation of previous lower symptoms as the impe-
tus for seeking medical advice [13]. Several authors described 
shoulder pathologies leading to a disability of powerful 
throws, subsuming them as internal impingement [5, 30, 49, 
60]. Baseball pitchers are most commonly afflicted, although 
athletes of other sports requiring repetitive shoulder abduc-
tion and external rotation such as tennis, volleyball, javelin 
throwing, and swimming are at risk as well [1, 4, 25, 40, 46]. 
It has been suggested that internal impingement is most likely 
caused by fatigue of the muscles of the shoulder girdle result-
ing from a lack of conditioning or from overthrowing [13]. 
These reports indicate that the humerus should be aligned 
in the plane of the scapula during the acceleration phase of 
throwing. As the shoulder girdle muscles become fatigued, 
the humerus drifts out of the scapular plane [55]. This has 
been termed hyperangulation or opening up, which can lead 
to tensile stressing of the anterior aspect of the shoulder cap-
sule. Loss of the anterior capsular integrity compromises the 
obligatory posterior roll-back of the humeral head, leading 
to an anterior translation and therefore causing the undersur-
face of the rotator cuff to abut the margin of the glenoid and 
labrum. Athletes occasionally acknowledge a recent episode 
of overuse and should specifically be asked about changes 
in throwing habits and training of mechanics prior to the 
onset of the symptoms [7]. However, internal impingement 
has been described in nonathletes as well [12, 33]. Careful 
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analysis of athletes suffering from internal impingement 
revealed two distinct clinical entities, characterized by sig-
nificant pathologies and clinical features. In order to achieve 
a maximum recovery of the athlete, an accurate understand-
ing as well as a sophisticated diagnostic and therapeutic algo-
rithm is necessary. Knowing the duration of symptoms, the 
precise anatomic location of the pain, and any previous treat-
ment, including periods of rest, is essential. Besides the clini-
cal assessment, especially magnetic resonance (MR) imaging 
is needed. In the recent past, sensitivity of imaging modalities 
have been significantly improved using direct MR arthrog-
raphy in functional, “abduction external rotation” (ABER)-
position. However, arthroscopy still represents the diagnostic 
gold standard allowing for dynamic assessment and simulta-
neous therapy.

Kinematics of Throwing

Meister et al. divided the throwing motion into six phases 
[50] with delineation by purpose and muscle activity (see 
Table 1). The total time of the six phases of throwing motion 
takes less than 2 s to occur. During phase I (wind-up) the 
center of gravity is raised. This is a point when minimal 
stress is put on the shoulder. In phase II (early cocking) the 
arm is prepared for maximum external rotation. The arm is 
abducted to 90° and external rotation [9]. Phase III (late 
cocking) is the point of maximal external rotation of the 
shoulder in elite athletes reaching close to 170°. This posi-
tion of the abducted, externally rotated shoulder leads to a 
posterior translation of the humeral head being the point of 
maximum stress to the anterior capsule. These first three 
phases take approximately 1.5 s in total [14]. Phase IV is the 
acceleration phase. Although the duration of the fourth phase 
is only 0.05 s, the greatest angular velocities and the largest 
change in rotation occur during this phase. The shoulder 
rotates to bring the ball to the release point of 90° rotation. 

Peak rotational velocity can near 7.000°/s [25]. Phase V is 
the deceleration phase and represents the most violent phase 
of the throwing motion. Deceleration occurs from the point 
of ball release to the point of 0° of rotation. It is a point of 
marked eccentric contraction of the rotator cuff to slow down 
the arm motion being a point of maximal posterior capsule 
stress. Joint loads approach posterior shear of 400 N, inferior 
shear of 300 N, and compressive forces of nearly 1,000 N 
[41]. Phase VI is the follow through. This is the rebalancing 
phase in which the muscles return to resting levels, but still 
certain stress is put onto the posterior capsule. The final two 
phases last approximately 0.35 s. The velocity of the ball 
depends on a variety of biomechanical factors but is most 
directly related to the amount of external rotation that the 
shoulder achieves. Elite pitchers can generate ball velocities 
that exceed 144.8 km/h. At ball release, the shoulder of a 
professional pitcher can be exposed to distractive forces of 
up to 950 N. In the deceleration phase, the compressive 
forces created by the rotator cuff and the deltoid muscle is in 
the range of 1,090 N with posterior shear forces of up to 400 
N. These forces approach the ultimate tensile strengths of the 
soft tissues that support the shoulder. In addition to the gleno-
humeral motion, scapular function has to be seen as a major 
contributor to transfer the kinetic energy from the lower 
limbs and trunk to the upper extremity. In this context Kibler 
et al. presented an excellent characterization of the scapular 
dynamics [42]. Only half of the kinetic energy imparted to 
the ball results from the arm and shoulder action. The remain-
ing half is generated by lower-limb and trunk rotation and is 
transferred to the upper limb through the scapulothoracic 
joint, making that articulation an important, but frequently 
overlooked, part of the kinetic chain [9].

Internal Impingement

Unlike “external” or “subacromial” impingement, often sim-
ply called “impingement syndrome,” there is not a single 
pathophysiologic process at work in the painful thrower’s 
shoulder. Internal impingement syndrome is thought to be 
of fundamentally more complex character and multifactori-
ally conditioned [35, 57, 65]. In 1993, Walch et al. published 
a landmark article in which 30 athletes were assessed for 
shoulder pain [69]. Seventeen (16 of whom were throwing 
athletes) of the originally enrolled 30 athletes underwent an 
arthroscopic shoulder examination; typical findings included 
the presence of posterior labral lesions and articular surface-
sided rotator cuff tears, in the absence of a Bankart or SLAP 
tear. The authors differentiated the labral lesions from SLAP 
lesions, which extended anteriorly to the biceps anchor at the 
supraglenoid tubercle, concluding that internal impingement 
may be responsible for a subset of patients with isolated 

Table 1 The six phases of the throwing motion: Phase I is the wind-up, 
phase II the early cocking, ending with planting of the striding foot. 
Phase III is the late cocking, in which the arm reaches maximum 
external rotation, in phase IV, the ball is accelerated until phase V with 
release of the ball and deceleration of the arm. Phase VI, the follow-
through, rebalances the body til motion stop

Kinematics of throwing [50]

Phase I Wind-up

Phase II Early cocking

Phase III Late cocking

Phase IV Acceleration

Phase V Deceleration

Phase VI Follow through
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posterior SLAP tears. In each case, the impingement of the 
posterior aspect of the humeral head was directly observed 
via arthroscopy on the posterosuperior rim of the glenoid. 
This area of impingement corresponded precisely with the 
location of the lesions of the rotator cuff and the labrum, 
respectively, when the arm was brought into the abducted, 
externally rotated throwing position.

Posterosuperior Impingement (PSI)

Bennett et al. first described posterior shoulder pain in 
throwers in 1959. Lombardo et al. identified the late cock-
ing phase of the thrower’s motion as a possible cause of 
posterior shoulder pain in this group of athletes [46]. This 
phenomenon, which is distinct from subacromial impinge-
ment syndrome, is known as posterosuperior impingement 
(PSI) [23]. A posterior capsular thickening and contracture 
have been reported as common findings [39]. The biome-
chanical etiology for injury to these structures is controver-
sial. Two possible causes for PSI have been reported, 
although neither is generally accepted. We favor the theory 
of rotational instability, which describes the ability of the 
throwing shoulder to overrotate into a position of hyperex-
ternal rotation during the late cocking and acceleration 
phase of the throwing motion. Thereby, the anterior capsule 
is stressed during the late cocking phase whereas the poste-
rior capsule is widened and traumatized during the decel-
eration phase. In the consequence, microinstability with 
corresponding posterior capsular hypertrophy develops, 
leading to an increased external and a reduced internal rota-
tion. In this context Burkhart et al. formed the term gle-
nohumeral internal rotation deficit (GIRD) [28]. They 
described the first step in this cascade as the development of 
a contracture of the posterior band of the inferior gle-
nohumeral ligament (PIGHL) and the posteroinferior cap-
sule. Thereby, the central contact point of the glenohumeral 
articulation is shifted in a posterosuperior direction possi-
bly leading to a greater arc of external rotation to occur 
before the normal contact of internal impingement. These 
changes lead to an increase in the pathologic peel-back 
mechanism with an increased vector of the biceps in the 
cocking position transmitting heightened shearing of the 
biceps anchor, leading to SLAP tears [68]. This notion is 
supported by several authors, which report an increased 
incidence of SLAP-lesions (superior labrum from anterior 
to posterior) [45, 47, 52]. Following the undersurface of the 
rotator cuff the supraspinatus tendon is significantly 
entrapped between the humeral head and the posterior 
 superior labrum; so that findings typical for PSI include 
articular-sided partial thickness rotator cuff tears and 
 concomitant posterosuperior or posterior labral injuries. 

However, Burkhart et al. suggest a second theory claiming 
the posterosuperior contact to be physiological [14]. They 
suppose that rotator cuff tears rather originate from repeti-
tive injury to the supraspinatus tendon during the decelera-
tion phase. This theory is supported by the fact that a 
nonpathologic interposition of the rotator cuff and the pos-
terosuperior labrum between the glenoid rim and the greater 
tuberosity occurs in throwers and non-throwers as well. 
Cadaveric, MRI, and arthroscopic studies have consistently 
shown that contact of the rotator cuff to the posterosuperior 
labrum is of physiologic nature [54, 66].

Anterosuperior Impingement (ASI)

In contrast to PSI, the anterosuperior impingement (ASI) 
presents with a significant lower prevalence. It involves an 
impingement of the subscapularis tendon between the ante-
rior humeral head and the anterosuperior glenoid and labrum 
during forward flexion of the arm. In a position of horizontal 
adduction and internal rotation of the arm, the undersurface 
of the reflection pulley and the subscapularis tendon impinges 
against the anterosuperior glenoid rim. In this context, lesions 
of the long head of the biceps (LHB), the pulley, and the rota-
tor cuff have been associated with an ASI of the shoulder. 
Habermeyer et al. stated that a forcefully stopped overhead 
throwing motion might terminate in a pulley lesion [29]. 
During active contraction of the biceps muscle in internal 
rotation, the strain increases while the elbow extension is 
decelerated. By this deceleration, a maximal contraction of 
the LHB is provoked and can cause tears in the rotator inter-
val capsule. Gerber and Sebesta described the pulley lesions 
resulting from repetitive forceful internal rotation above the 
horizontal plane [26]. This leads to frictional damage between 
the pulley system and the subscapularis tendon on the one 
hand and the anterior superior glenoid rim on the other. As a 
result of intrinsic degenerative changes, the rotator interval 
shows partial tears involving the superior glenohumeral liga-
ment (SGHL) and the articular side of the supraspinatus ten-
don. In 1996, Habermeyer and Walch showed that 50% of 
cases of biceps tendon subluxation were associated with 
degenerative changes in the anterosuperior aspect of the 
labrum, suggestive for a correlation between these intrinsic 
structural changes. In a previous work we reported on another 
possible etiology of ASI [44]. In a large series of young 
patients with paraplegia of the lower extremity (wheel chairs) 
we observed a significant number of lesions of the anterior 
superior complex. This might, most likely, originate from 
repetitive active contractions of the biceps muscle in internal 
rotation during wheel turning. Similar to the theory of 
Habermeyer et al., this deceleration may lead to tears in the 
rotator interval capsule [29].
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Clinical Evaluation

Internal impingement typically affects young to middle-aged 
adults; in most major case series of internal impingement, 
patients are under 40 years of age and participate in activities 
involving repetitive abducting and externally rotating arm 
motions or positions [9, 62, 67]. The majority of patients who 
have been identified with internal impingement are overhead 
athletes [61, 70]. For example, the first major series by Walch 
et al. primarily consisted of volleyball and tennis players [69]. 
The largest athletic group with internal impingement studied 
has been the throwing athletes, in particular baseball players 
[49, 58, 69]. Medial evaluation of a thrower begins with a 
good thorough history of the problem. In eliciting the history 
of the injury, a determination if the resulting symptoms are of 
vague character and of gradual onset, or occurred as the result 
of an acute incident is important [16–18, 68]. Most patients 
present with a progressive decrease in throwing velocity or a 
loss of control and performance [20–22]. Chronic diffuse 
posterior shoulder girdle pain is common in terms of the pre-
senting complaint, but the pain may be localized onto the 
joint line. Despite posterior shoulder pain being the most 
common complaint among patients with internal impinge-
ment, patients may also present with symptoms similar to 
those associated with classic rotator cuff disease [25, 26]. 
Alternatively, patients may also have instability symptoms, 
such as apprehension or the sensation of subluxation with the 
arm in an abduction and external rotation position. Notably, 
Burkhart et al., reported in their series of 96 athletes with a 
disabled throwing shoulder an 80% rate of anterior corocoid 
pain, rather than isolated posterior shoulder pain, described 
as the most common presenting symptom [15].

Posterior glenohumeral joint line tenderness, increased 
external rotation, and decreased internal rotation are the most 
common physical examination findings in throwing athle - 
tes (see Fig. 1). However, all patients suspected of internal 
impingement should be evaluated with a complete shoulder 
examination due to the high rate of other pathologic shoulder 
conditions associated with internal impingement. During 
physical examination, sometimes the relative hypertrophy of 
the dominant arm versus areas of atrophy, especially in the 
infraspinatus fossa, can be palpated. In addition, for the docu-
mentation of bilateral active and passive motion of the shoul-
ders, testing for SLAP lesions, “classic” impingement signs 
such as the Neer and Hawkins tests, cross-body adduction 
tests, and instability testing should be performed [31, 32]. 
Regarding assessment of laxity, which does not automatically 
correspond to instability, the “sulcus sign” should be deter-
mined. Additionally, other parameters of the Beighton score 
should be analyzed too. For evaluation of anteroposterior 
translation of the humeral head the “anterior-and-posterior-
drawer-test” as well as the “load-and-shift-test” should be 
used. Despite significant controversy regarding the validity of 

various physical examination maneuvers for detecting SLAP 
tears, because superoposterior labral tears represent a cardinal 
feature of pathologic internal impingement, the performance 
of a combination of these tests is generally indicated [37, 38]. 
We favor the O’Brien test, which was reported by the author 
with 100% sensitivity and 98.5% specificity for the active 
compression test. It is performed with the arm positioned in 
90° forward flexion, 20° adduction, and in maximal internal 
rotation. Resistance creates pain in the anterior superior shoul-
der that is relieved by resistance with maximal external rota-
tion or supination of the forearm. Meister et al. investigated the 
ability of a single maneuver, referred to as the “posterior 
impingement sign,” to detect the presence of articular-sided 
rotator cuff tears and posterior labrum lesions [51]. The sub-
jects were tested for the presence of deep posterior shoulder 
pain when the arm was brought into a position similar to that 
noted during the late cocking phase of throwing. The sensitiv-
ity and specificity of the posterior impingement sign were 
75.5% and 85%, respectively. Notably, all patients with non-
contact injuries with a positive test had arthroscopic findings 
amenable to surgical treatment. Regarding conventional 
impingement tests, Mithöfer et al. reported that subacromial 
impingement tests are usually negative in patients with known 
internal impingement [53]. In contrast, one study reported that 

a

b

Fig. 1 The typical clinical finding of a patient with GIRD is demonstrated
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over 25% of the 41 professional throwing athletes arthroscopi-
cally evaluated, demonstrated a positive Neer or Hawkins sign. 
According to our opinion one of the absolute typical findings 
is GIRD, defined by a loss of greater than 30–40° of internal 
rotation relative to the expected gain in external rotation, com-
pared to the contralateral side. This is supported by several 
studies, for example, Burkhart et al. reported the presence of 
GIRD in 100% of a series of 124 symptomatic baseball pitch-
ers [15]. Regarding concomitant increased external rotation 
Myers et al. recently emphasized that throwers with pathologic 
internal impingement exhibiting significantly increased poste-
rior shoulder tightness and glenohumeral internal rotation defi-
cits do not necessarily gain significantly increased external 
rotation [55]. In addition, scapular dyskinesis is a commonly 
reported finding. Characteristic features include a prominent 
inferior medial border of the scapula and the appearance that 
the throwing shoulder is dropped inferior compared with the 
non-throwing side [43].

Imaging Modalities

Radiographic Findings

Radiographic evaluation of patients with signs and symptoms 
of internal impingement should include true AP, axillary and 
thoracic outlet (Y-view) radiographic views of the shoulder 
[10]. Usually, only minimal findings are present in patients 
with internal impingement. Regarding typical signs associated 
with internal impingement, Bennett et al. first described an 
exostosis of the posteroinferior glenoid rim (Bennett lesion) in 
baseball players [4]. He hypothesized that this might occur 
secondary to traction of the triceps muscle tendon on its bony 
origin. However, there is much controversy surrounding the 
cause and significance of the Bennett lesion [33, 51]. Ferrari 
et al. reported on baseball pitchers with posteroinferior ossify-
ing lesions, none of which was located in the region of the 
triceps tendon [24]. Changes of the greater tuberosity are also 
commonly found on the radiographs of internal impingement 
patients. Mithöfer et al. stressed the importance of radiograph-
ically assessing the greater tuberosity for sclerotic and cystic 
changes; these findings are present in approximately half of 
the patients with internal impingement [53]. Interestingly, a 
recent radiographic study analyzing 57 asymptomatic profes-
sional baseball pitchers demonstrated that cystic changes in 
the humeral head were present in 39% of the examined shoul-
ders [73]. Walch et al. noted a further pathology, the so-called 
posterior humeral head geodes, corresponding to osteochon-
dral defects located superiorly close to the insertion of the 
supraspinatus tendon [69]. Another finding that may be seen 
on radiographs of internal impingement patients is rounding 

or remodeling of the posterior glenoid rim, although MRI is 
the optimal modality to appreciate this phenomenon [53].

MRI Findings

MRI is considered the gold standard regarding the workup of 
any young patient presenting with shoulder pain [33]. When 
labral lesions are suspected, we recommend the use of direct 
MR-arthrography with using either gadolinium contrast mate-
rial or saline [34, 56, 59]. MR-findings in internal impinge-
ment include articular-sided partial-thickness rotator cuff tears 
of the supraspinatus, infraspinatus, or both tendons, and poste-
rior or superior labral lesions [72]. The tears of the rotator cuff 
tendons are usually small and involve the articular surface. 
Internal impingement tears are better diagnosed on MR 
arthrography as a small undersurface linear contrast extension 
into the tendon (see Fig. 2). Abduction and external rotation 
(ABER) positioning may be useful for tear detection in these 
patients, since a relaxation of the posterior superior rotator cuff 
may allow for gadolinium to seep into an otherwise occult or 
subtle tear [6]. Interestingly, Halbrecht et al. performed non-
contrast MRI of the shoulder in an ABER-position in the 
throwing and non-throwing arm of asymptomatic college 
baseball players and observed a contact between the rotator 
cuff and the posterosuperior glenolabral complex in all shoul-
ders [30]. In addition, these athletes often present with associ-
ated posterosuperior labral abnormalities. Repetitive stress 
encountered in pitchers also speeds up the normal aging pro-
cess of the rotator cuff, leading to an early tendinosis. Rim-rent 
tears from tensile overload can be seen at the articular surface 
at the humeral tendinous insertion [27]. These tears show high 
signal intensity extending between the greater tuberosity ten-
don insertion (supraspinatus foot print) and the tendon itself on 
fluid-sensitive sequences. In most cases, they are located in the 
anterior half of the supraspinatus tendon and can be mistaken 
for intratendinous signal. Other tensile overload injuries usu-
ally present as tiny tears at the articular surface of the supraspi-
natus and infraspinatus tendon. These tears are often small and 
best recognized on MR arthrography in the ABER position as 
fluid intensity or extension of intra-articular contrast medium 
into the hypointense line on the articular surface of the rotator 
cuff tendons. The glenoid labrum is often torn, without percep-
tible underlying shoulder instability in pitchers [3]. SLAP tears 
with significant posterior extension can be disabling for pitch-
ers, because of arising posterior superior laxity [19]. The 
appearance of SLAP tears on MRI includes intermediate 
hyperintense labral degeneration and linear fluid or gadolinium 
undercutting the superior labrum extending posterior to the 
biceps tendon origin. Cysts and impaction deformity are also 
seen at the posterior greater tuberosity and can increase diag-
nostic confidence in the diagnosis of internal impingement.
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Therapy

The vast majority of shoulder injuries in throwers should ini-
tially be treated with conservative, nonoperative methods. Only 
significant structural injury such as an acute rotator cuff tear, 
dislocation, or SLAP lesion deserve early surgical intervention.

Nonoperative Treatment

Every overhead athlete requires a training program that 
strengthens all elements of the kinetic chain of the throw-
ing motion. Patients with mild symptoms and early phases 

of the disorder need an active rest, including a complete 
break from throwing along with physical therapy. Axe 
et al. proposes a 2 days off-period for every day that symp-
toms have been present (maximum break of 12 weeks) [2]. 
Anti-inflammatory measures to “cool down” the irritated 
shoulder can be beneficial in accelerating the rehabilitative 
process. This includes nonsteroidal anti-inflammatory drugs 
(NSAIDs), occasionally a corticosteroid injection, and physi-
cal therapy modalities like iontophoresis. For patients with 
longer lasting problems Wilk et al. suggested a phased pro-
gression of the rehabilitation program, emphasizing dynamic 
stability, rotator cuff strengthening, and a scapular stabiliza-
tion program [71]. Phase I – Acute Phase: The primary focus 

a b
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Fig. 2 Posterior superior glenohumeral impingement. T1-weighted fat-saturated ABER image of shoulder MR arthrogram shows an articular 
surface tear at the posterior supraspinatus. There is also a superior labral tear and a small cysts at the greater tuberosity
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of the initial stage is set on the injured tissue being allowed to 
heal, modification of activity, decrease of pain and inflamma-
tion, and on the reestablishment of a baseline dynamic stabil-
ity, a normalization of the muscle balance, and the restoration 
of the proprioception. A diminishment of the athlete’s pain 
and inflammation is accomplished through the use of local 
therapeutic modalities such as ice, ultrasound, and electrical 
stimulation. In addition, the athlete’s activities (such as throw-
ing and exercises) must be modified up to a pain-free level. 
Active-assisted motion exercises may be used to normalize 
shoulder motion, particularly shoulder internal rotation and 
horizontal adduction. The thrower should perform specific 
stretches and flexibility exercises for the benefit of the pos-
terior rotator cuff muscles (Fig. 3). Phase II – Intermediate 
Phase: When pain and inflammation have been decreased, 
the athlete may proceed to Phase II. The primary goals are 
to improve the strengthening program, continue to improve 
flexibility, and facilitate neuromuscular control. During this 
phase, the rehabilitation program is progressed to more 
aggressive isotonic strengthening activities with emphasis on 
the restoration of the muscle balance. Selective muscle acti-
vation is also used to restore muscle balance and symmetry. 
Contractures of the posterior structures, the pectoralis minor 
muscle, and the short head of the biceps muscle also contrib-
ute to a glenohumeral internal rotation deficit and increase 
the anterior tilting of the scapula. McClure et al. showed the 
use of the cross-body stretch for the treatment of patients with 
posterior shoulder tightness leading to a significantly greater 
increase of the internal rotation, compared to a control group 
with normal shoulder motion not performing exercises [48]. 
Borstad et al. found the unilateral corner stretch and the 
supine manual stretch to be effective for a lengthening of 
the pectoralis minor muscle [8]. In the overhead thrower, the 
shoulder external rotator muscles, scapular retractor muscles, 
and protractor and depressor muscles are frequently isolated 
due to structural weakness. Several authors have emphasized 
the importance of scapular muscle strength and neuromuscu-
lar control as contribution to a normal shoulder function [43]. 
Isotonic exercise techniques are used to strengthen the scapu-
lar muscles. Overhead throwing athletes often exhibit external 
rotator muscle weakness. Also, during this second rehabili-
tation phase, the overhead throwing athlete is instructed to 
perform core strengthening exercises for the abdominal and 
lower back musculature. In addition, the athlete should per-
form lower extremity strengthening and participate in a run-
ning program, including jogging and sprints. Upper extremity 
stretching exercises are continued as needed to maintain soft 
tissue flexibility. Phase III – Advanced Strengthening Phase: 
The goals are to initiate aggressive strengthening drills, 
enhance power and endurance, perform functional drills, and 
gradually initiate throwing activities. During this phase, the 
athlete performs the Thrower’s Ten exercise program, con-
tinues manual resistance stabilization drills, and initiates 

plyometric drills. Dynamic stabilization drills are also per-
formed to enhance proprioception and neuromuscular con-
trol. These drills include rhythmic stabilization exercise drills. 
Plyometric training may be used to enhance dynamic stability 
and proprioception, as well as gradually increase the func-
tional stresses put on the shoulder joint. Plyometric exercises 
entail a rapid transfer of eccentric to concentric contraction to 
allow for a stimulation of muscle spindles, which facilitates 
a recruitment of muscle fibers. An interval throwing program 

a
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c

Fig. 3 The sleeper stretch: The patient on the involved side with the 
shoulder in 90° of forward elevation. The contralateral arm internally 
rotates the involved shoulder until a stretch on the posterior aspect of 
the shoulder



124 C. Kirchhoff et al.

may be initiated in this phase of rehabilitation. This program 
begins with short, flatground throwing at variable distances. 
When the throwing program is initiated, intensive strength-
ening should be replaced by a less intensive, high repetition, 
and low weight program to avoid an overtraining. Phase IV 
– Return-to-Throwing Phase: This phase, usually involves 
the progression of the interval throwing program as well as a 
neuromuscular maintenance. While the athlete is performing 
the interval throwing program, the clinician should carefully 
monitor the thrower’s mechanics and throwing intensity. The 
athlete is advanced to position-specific throwing provided 
that he or she remains asymptomatic. The goal is to return 
to the full throwing velocity over the course of 3 months. To 
prevent the effects of overtraining or throwing in case of poor 
condition, it is critical to instruct the athlete specifically on 
what to do through specific exercises throughout the year. A 
lack of improvement after 3 months, or an inability to return 
to competition within 6 months, constitutes failure of the 
nonoperative conservative management, this should result in 
an additional diagnostic testing and, if necessary, operative 
intervention should be considered.

Surgical Treatment

Indications for surgery include the failure of conservative treat-
ment with an inability to return to competition despite a pro-
longed rehabilitation protocol geared toward correction or 
resolution of the pathology diagnosed by physical examination 
and imaging [9, 36]. The operative approach to patients with 
signs and symptoms of internal impingement should be pur-
sued in a deliberate, methodical fashion. The final therapeutic 
plan in symptomatic throwing shoulders depends on the spe-
cific examination findings under anesthesia because physical 
findings may be confusing in a patient who is awake The fol-
lowing arthroscopic examination is performed in terms of a 
systematic review of the entire shoulder. In addition, injury to 
many other structures in the shoulder, besides the posterosupe-
rior labrum and the rotator cuff, have been associated with 
pathologic internal impingement. Jobe has suggested that as 
many as five anatomic structures are at risk: the posterior supe-
rior labrum, the rotator cuff tendon (articular surface), the 
greater tuberosity, the inferior glenohumeral ligament (IGHL) 
complex, and the posterior superior glenoid [39]. He noted that 
the majority of patients with internal impingement present with 
an injury of more than one of the five structures at the time of 
arthroscopic assessment, underscoring the importance of a 
thorough diagnostic arthroscopic assessment of the shoulder 
joint in the setting of suspected internal impingement or in 
cases in which a typical internal impingement lesion is unex-
pectedly detected. The surgeon should evaluate the entire 
shoulder carefully and look for evidence of instability in the 

biceps tendon, biceps anchor, labrum, and capsule. Presence of 
a drive-through sign should be elicited by sweeping the scope 
from superior to inferior to assess laxity. Consecutively, the sur-
geon should evaluate the rotator interval and the rotator cuff 
insertion. The examined arm should then be removed from 
traction and an ABER examination should be performed with 
the arm in abduction and external rotation. During this maneu-
ver, the arthroscope is located in the posterior portal, just off the 
posterior superior labrum, and then the arm is carefully abducted 
and externally rotated. The surgeon evaluates evidence of kiss-
ing lesions between the undersurface of the rotator cuff and the 
posterior superior labrum as seen in pathologic internal 
impingement. Repetitive microtrauma to the bony greater 
tuberosity or the posterosuperior rim of the glenoid may repre-
sent extremes of the spectrum of injury caused by the abducted, 
externally rotated position associated with internal impinge-
ment, but even cases of fracture of these structures have been 
reported in the literature. Although osteochondral lesions of the 
humeral head have also been described, it is likely that these 
originate from a similar mechanism to greater tuberosity 
changes, with subtle variations in the anatomy or the throwing 
motion accounting for a different site of humeral head contact 
with the glenoid rim. Surgical intervention should be directed 
toward specific pathologic lesions believed to correspond to the 
patient’s symptoms or play a role in the complex pathophysiol-
ogy of internal impingement. Subacromial bursectomy may be 
warranted in cases when substantial degrees of subacromial 
inflammation and bursitis are noted at the time of surgery [63, 
64]. Mithöfer et al. also suggested that internal impingement 
represents a relative contraindication to acromioplasty [53].

Return to Sports

A formal throwing mechanics evaluation may be helpful, 
particularly in the younger athlete with less specialized train-
ing. The mature athlete with altered or poor throwing 
mechanics may also benefit from biomechanical and profes-
sional evaluation. Once an appropriate rest period has passed 
and symptoms are relieved, throwing is resumed with an 
interval throwing program; however, the shoulder should be 
completely pain-free prior to resuming any throwing activi-
ties. Intensity is advanced based on symptoms, or the lack, 
thereof, with the goal of returning to effective throwing.

Conclusions

The throwing athlete puts enormous stress on both the 
dynamic and the static stabilizers of the shoulder during the 
throwing motion. These repetitive forces cause adaptive soft 
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tissue and bone changes that initially improve the perfor-
mance but ultimately may lead to shoulder pathologies espe-
cially during the motion of throwing. Although a range of 
theories have been suggested for the pathophysiologic devel-
opment of internal impingement, the causes are obviously of 
multifactorial nature. The cardinal lesions of internal 
impingement, articular-sided rotator cuff tears and postero-
superior labral lesions, have been shown to occur in associa-
tion with a number of other findings, most importantly GIRD 
and SICK scapula syndrome, but also with posterior humeral 
head lesions, posterior glenoid bony injury, and rather rarely 
with Bankart and IGHL lesions. Extensive biomechanical 
and clinical research is necessary before a complete under-
standing and reconciliation of the varying theories of the 
pathomechanics of injury can be developed [74].
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Internal Impingement and SLAP Lesions

brahim Yanmış and Mehmet Türker 

History

Internal glenoid impingement is the most common cause of 
posterior shoulder pain in overhead throwing athletes. It is 
generally misdiagnosed as rotator cuff pathology. Bennett 
was the first to define symptoms of the internal impingement 
in 1959. He observed that the presence of a bony exostosis 
on the postero-inferior border of the glenoid fossa and 
thought that this was a symptomatic lesion that caused irrita-
tion of the capsule and the synovial membrane [2]. In 1979, 
Lombardo emphasized pain over the posterior shoulder area 
during late cocking phase in throwing athletes [14]. In the 
1970s, the clinical problem named “dead arm” was a threat 
to the active career of throwing athletes. This clinical presen-
tation can be briefly defined as restricted arm function and 
inability to throw due to shoulder pain. Before the documen-
tation of the pathomechanics and intraarticular lesions of 
disease it has been suggested to be a psychological problem 
by some authors. In 1981 Rowe and Zarins defined minimal 
recurrent anterior shoulder instability in dead arm syndrome 
[20]. In 1985, Andrews was the first to explore the intraar-
ticular pathology of internal impingement [1]. Andrews 
reported a high incidence of posterior superior labral lacera-
tion in cases operated for rotator cuff (RC) repair for partial 
tears. Walch and Jobe reported intraarticular pathology and 
anatomic location of the lesions encountered in this syn-
drome in their extensive study [11, 22].

Clinical Presentation

Internal impingement defines three clinical presentations of 
the shoulder:

(a)  Posterior superior impingement: Posterosuperior gle-
noid injury is caused by impingement of the articular 
surface of the rotator cuff against the posterior superior 
part of the glenoid labrum. Anterior part of the infraspi-
natus, posterior part of the supraspinatus and posterosu-
perior part of the humeral head are common affected 
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areas. It is mainly seen in throwing athletes but occurs at 
an increasing rate in bodybuilders and weight lifters. The 
other main group is patients involved in occupational 
overhead activities such as mechanics and electricians. 
The mechanism of injury is extensive shoulder exten-
sion-abduction and external rotation (ABER). This is the 
exact mechanism of throwing action. This injury occurs 
in maximum late cocking or early acceleration phase of 
throwing. The main pathologies are tear of the RTC and 
degeneration of the posterior superior labrum.

(b)  Superior impingement: As a result of impingement 
between superior labrum and articular surface of 
supraspinatus, laceration of this musculature and degen-
eration of labrum occurs. Clinical signs are confined to 
the mid-acceleration phase of throwing.

(c)  Anterior impingement: This clinical picture occurs as a 
result of impingement between coracoid and anterior 
portion of humeral head. Pathomechanics of this clinical 
picture were sought to be Roller-Wringer effect defined 
by Lo et al. [13]. During internal rotation movement of 
shoulder, coracoid impinges on upper superficial layer of 
subscapularis. The clinical picture was related to the 
coracoidal pathologies.

Etiology

There is still considerable debate over the etiology and 
pathophysiology of internal impingement. It must not be for-
gotten that the causative mechanisms are different in these 
three different clinical presentations. A common finding in 
these three different clinical conditions is occurrence of lesions 
due to microtrauma at static and dynamic intraarticular struc-
tures of shoulder during repetitive forceful throwing activity. 
Signs of overuse and micro/macro instability are more pro-
found than signs of impingement. Although discussion goes 
on whether instability is the causative factor or the end-result 
of this syndrome, both theories can be case-specifically valid.

One of the accepted theories suggests that anterior insta-
bility occurs as a consequence of laxity of anterior capsule 
and GH ligaments due to humeral head hyperangulation dur-
ing throwing activity [15, 16]. Anterior instability results in 
excessive contact between inferior surface of rotator cuff and 
posterosuperior labrum during late cocking phase of throw-
ing (Fig. 1). In many studies it was shown that this contact is 
solely physiologic in nature. But the problem here is that this 
physiologic contact, when occurred in excessive and forceful 
repetitive numbers may result in articular pathologies. 
Lacerations of the posterosuperior labrum and RC tears mir-
ror imaging to these lacerations observed during shoulder 
arthroscopy supports this theory (Fig. 2).

Another mechanism was proposed by Burkhart et al. [3]. 
They believe that posterior capsular tightening is primary 
pathologic entity that is responsible for SLAP lesion and 
other intraarticular pathology of internal impingement. They 
said “When the arm is removed from traction and brought 
into abduction and external rotation, the biceps tendon 
assumes a more vertical and posteriorly directed orienta-
tion.” They called this phenomenon the “Peel-Back Sign.”

In another theory, humeral retro-version may be present 
as an underlying etiology. Humeral retro-version is devel-
oped to rotate back into external rotation as an adaptation to 
repetitive forceful throwing during the growing period. 
Crockett et al. found that humeral retro-version is increased 
17° at the dominant shoulder when compared with the con-
tralateral side. He proposed that increased humeral retro-
version may reduce internal rotation and result in 
posterosuperior impingement [6].

Although there are mechanical explanations it must not 
be over viewed that these lesions can occur without overuse 
activity in bodybuilders and weightlifters with same lesions.

Radiological Findings

X-ray examination of the shoulder joint does not reveal spe-
cific signs in internal impingement. In some studies, mag-
netic resonance (MR) and magnetic resonance arthrography 
(MRA) imaging of the shoulder revealed nonspecific find-
ings [5, 8, 10, 21]. Radiological findings of MRA are more 
valuable in diagnosis. Three lesions are defined in MRA at 
neutral shoulder position:

(a)  Cystic degeneration at the posterolateral aspect of the 
humeral head where rotator cuff inserts

(b)  Partial rotator cuff tears at articular surface of posterior 
of supraspinatus and infraspinatus (Fig. 2)

(c)  Degeneration of posterosuperior labrum or superior labrum 
anterior and posterior (SLAP) lesion (Figs. 1 and 3)

MR images taken at abduction-external rotation position of 
the shoulder facilitates visualization of RC tears at inferior 
articular area [12].

SLAP is an important component of internal impinge-
ment (Fig. 3). Recently MR imaging of the shoulder made 
valuable aids in SLAP diagnosis.

Another clinical presentation of internal impingement is 
subcoracoid impingement that can be diagnosed by MR 
image findings [7, 9, 19]. In axial MR images, the  distance 
between lateral cortex of coracoid and medial cortex of 
humerus is calculated. Coracohumeral distance below 6 mm 
is in favor of subcoracoid impingement. Other  findings of 
anterior impingement syndrome are tears of subscapularis 
and degeneration of lesser tubercle.
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Clinical Findings

History of the patient is the most important step in diagnosis. 
Age, occupation and sports activity of the patient and charac-
teristics of pain such as initiation, distribution, duration and 
type give important clues to diagnosis. In some cases, diag-
nosis depends solely on careful history taking and physical 
examination. Answers to the following questions can be 
explored by the physician:

(a) How did the pain begin?
 Generally pain in internal impingement has insidious 
onset. Pain progressively increases overtime. In differ-
ential diagnosis, posttraumatic instabilities and rotator 
cuff tears must be excluded. Initially pain and weakness 
occurs after strenuous training or activity. In this period 
there is no pain at resting state and daily activities (as 
disease progresses resting pain and pain provoked by 
overlying on the affected side occur).

(b) What is the type of pain?
 Generally pain begins as discomfort at the posterior 
shoulder region and eventually progresses to pain. Pain 
can be localized to the posterior shoulder area and 
described as a burning sensation.

(c) Is there functional loss in shoulder activities?
 Initially there is pain provoked by throwing without 
functional loss. As disease progresses throwing capacity 
decreases or diminishes. Commonly during this phase 
range of motion and daily activities are normal.

(d) Has the patient received prior treatment? Did it succeed?
 Three different stages described for internal impinge ment:

Stage 1:  Pain due to hard overhead activity. No loss of 
function

Stage 2: Posterior shoulder pain, Positive Jobe’s test
Stage 3:  Same findings as a stage 2 but, failure of an 

appropriate rehabilitation program

Physical Findings

Physical examination begins with inspection. Patient must 
be dressed free. Inspection can be repeated statically and 
dynamically. During shoulder examination relevant joints 
also can be evaluated. Motion of the scapulothoracic joint is 
of paramount importance. Atrophy and asymmetry of rotator 
musculature may pertain to a specific disease. In internal 
impingement inspection is always normal. Anomalies in 
inspection must a need for excluding other diseases.

Generally pain can be provoked by palpation at posterior 
shoulder area. This finding is helpful in excluding rotator 
cuff pathologies which cause pain over greater tubercle. 

Fig. 2 On the right, photography shows mechanism of injury during 
the throwing in ABER. Repetitive contact can cause intraarticular tear 
of RC and fraying

Fig. 1 Arthroscopic visualization of the typical appearance of a pos-
terosuperior labral fraying in throwers (left)

Fig. 3 Arthroscopic visualization of a type 2 SLAP lesion in internal 
impingement
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Commonly there is no pain anterior to the shoulder and at 
bicipital sulcus. Acromioclavicular (AC) joint and other 
bony prominences are painless. Adduction-internal rotation 
can elucidate pain in subcoracoid impingement.

The most important physical examination findings in 
internal impingement are tests of shoulder movement and 
stability. In the shoulder of throwing athlete abduction- 
external rotation of dominant side is 10–15° more than the 
contralateral side (Fig. 4). Abduction-internal rotation is 
 limited to the same extent. Range of other shoulder move-
ments is generally comparable with the contralateral side.

Anterior instability is noted during stability testing. In con-
ducted studies 2+ anterior and 1+ posterior instability were 
reported. In many of the patients, inferior instability findings 
can be encountered. In athletes with bulky muscles perform-
ing these tests under general anesthesia may aid in diagnosis.

Internal impingement test is always positive among the 
provocative tests (Jobe’s test). In this test, symptoms of pain 
and impingement are generated in abduction and maximum 
external rotation and eliminated with a posteriorly directed 
force on the humeral head. Although there is SLAP lesion, 
O’ Brien test is negative. Positive results obtained at other 
provocative tests must recall diseases in differential diagno-
sis. Muscle power is generally within normal limits. Another 
common finding is popping and crepitation during humeral 
head movements in the glenoid fossa.

Treatment

Conservative Treatment

The aim in treatment of internal impingement is restoration 
of normal shoulder kinematics and range of motion while 
preserving glenohumeral stability. Throwing athletes are 

prone to repetitive microtrauma during throwing to achieve 
maximum force production, motion ranges are violated. 
Maximum range of motion and enough stability are prereq-
uisites of successful throwing.

Initial treatment of internal impingement in athletes always 
begins with rest and rehabilitation. Limitation of overhead 
throwing activities is a rule. Physical rehabilitation must be 
ensued immediately. The philosophy of rehabilitation is to 
restore coordinated movements of the shoulder girdle with 
preservation of dynamic stability. It must be kept in mind that 
muscles of shoulder girdle include muscles of the scapula. 
Stretching of posterior capsule and external rotator muscles 
of shoulder decreases anterior displacement of humeral head 
and thereby clinical symptoms. Proprioceptive education also 
aids in relieving pain. Wilk et al. offered ten principles for 
conservative treatment of internal impingement [24]:

 1. Never overstress healing tissue
 2. Prevent negative effects of immobilization
 3. Emphasize external rotation muscular strength
 4. Establish muscular balance
 5. Emphasize scapular muscle strength
 6.  Improve posterior shoulder flexibility (internal rotation 

range of motion)
 7. Enhance proprioception and neuromuscular control
 8. Establish biomechanically efficient throwing
 9. Gradually return to throwing activities
10. Use established criteria to progress

Anti-inflammatory medication at early treatment helps to 
reduce pain. Studies showing beneficial effects of topical and 
systemic steroids are lacking.

Surgical Treatment

There is no consensus for surgical intervention of internal 
impingement. The main indications for surgery are persis-
tent pain, decrease in performance despite conservative 
treatment and inability to return active sportive activity. 
Athletes who are at the end of their career and having pain 
only after strenuous activity but not due to daily activities 
must decide for themselves whether to proceed to surgical 
intervention or not.

Regardless of the surgical technique to be used, 
arthroscopic examination must preclude this. Shoulder 
arthroscopy reveals important knowledge about diagnosis 
and treatment of coexistent pathologies. Displacement of 
humeral head relative to the glenoid can be evaluated and its 
degree can be noted. Biceps tendon, external rotators, gle-
noid labrum, chondral structures, subscapularis tendon, and 
capsule should be evaluated during shoulder arthroscopy.

We prefer beach chair positioning for arthroscopic treat-
ment of internal impingement of shoulder joint. It is relatively 
easy to simulate the injury mechanism in this position.

Fig. 4 Increased external rotation is an important finding of physical 
examination in throwing shoulder
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Detachments at biceps attachment should be differenti-
ated from normal physiological appearance. The degree of 
capsular laxity is a surgeon-dependent subjective issue. 
When there is capsular laxity, inserted scope through poste-
rior portal readily reaches antero-inferior pouch (drive-
through sign). In our experience more than normal distance 
between long head of biceps tendon and superior capsule 
also points to capsular laxity.

The articular surface of the rotator cuff should be care-
fully inspected. At the posterior articular surface of the rota-
tor cuff, injuries may extend from partial lacerations to 
complete tears. These rotator cuff injuries at the posterior 
articular surface generally can be seen at the cuff attachment 
site of posterior part of the supraspinatus.

For treatment of lacerations and partial tears, debridement 
should suffice. In cases where there is no doubt about coex-
istent pathologies, intraarticular arthroscopic management 
should be sufficient and subacromial arthroscopy should not 
generally be needed.

One of the important components of internal impinge-
ment, the anterior humeral head translation may cause degen-
eration of glenoid chondrum. Chondral injury is generally 
seen at the middle and inferior parts of the glenoid and can 
be classified as grade 2–3 chondral injury (Fig. 5). Simple 
debridement is suitable treatment for small sized chondral 
lesion in glenoid surface and humeral head.

Labral injury is generally seen at the posterosuperior por-
tion that is typical for internal impingement. Labral injury 
can be seen as a fraying or detachment from glenoid. Fraying 
and degeneration can be debrided with shaver or electrother-
mal devices.

SLAP lesions should be carefully evaluated. It is hard to 
make a decision of repair for type 1 SLAP lesions. In active 
athletes, choosing surgical repair would be consistent with a 
more favourable outcome. The repair of SLAP lesion alone 
is not enough for treatment of internal impingement.

Other intraarticular lesions are anterior capsule and antero-
superior of subscapularis tendon degenerations resulting from 
anterior impingement between humeral head and coracoid.

Arthroscopic Debridement

Initially, treatment of internal impingement with debride-
ment of degenerated labrum and partial intraarticular rota-
tor cuff tears was carried on but the results were 
dissatisfying. Arthroscopic debridement can only be a part 
of surgical treatment. Debridement of rotator cuff increases 
healing response in case of a small and partial lesion. 
If depth of rotator cuff tear is less than half of the cuff 
thickness, debridement should be satisfying. Tears exceed-
ing this limit or full thickness tears should be repaired. 
Treatment of internal impingement can be achieved when 
accompanied by SLAP lesion repairs, debridement and 
capsular reconstruction.

SLAP Lesion Repair

In majority of internal impingement patients, SLAP lesions 
are observed. SLAP lesions that are seen arthroscopically 
in symptomatic shoulders with appropriate clinic findings 
on physical examination should be repaired [4, 18, 23]. 
There is no consensus on the treatment of type 1 SLAP 
lesions. It has been suggested that type 1 SLAP lesions are 
anatomic variations actually. Generally, type 1 and 3 SLAP 
lesions should be debrided, whereas type 2 and 4 should be 
repaired. The repair can usually be accomplished through 
two portals.

Many authors reported good results with arthroscopic 
SLAP repair in throwing athletes [17, 18, 23]. In spite of this, 
some authors believe that SLAP lesion repair alone is not 
enough for treatment of internal impingement.

Capsular Reconstruction

Anterior capsular laxity observed in internal impingement 
can be the cause or end-result of the problem. Although dis-
cussion continues about cause or end-result mechanism, cap-
sular shrinkage or plication remain the main stage of 
treatment of this pathology. Capsular reconstruction can be 
either done by plication via arthroscopic and open surgery or 
electrothermally. Open capsulorrhaphy has been offered by 
some author but has been able to return only 68–81% of 
players to their pre-injury levels. Arthroscopic treatment has 
been shown better results (93%). In spite of good prelimi-
nary results, it is generally believed that long term results of 
electrothermal capsular shrinkage would be less favourable. 
The middle and long term results of electrothermal capsular 
shrinkage in multidirectional instabilities raised suspicion on 
the longevity of this procedure.

The balance between preserving range of motion while 
decreasing capsular laxity should be well maintained. The 
arm is positioned in 20–25°of external rotation and abduc-
tion during the capsular reconstruction. Many authors 

Fig. 5 Chondral lesions generally can be seen central part of the 
glenoid
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reported good results in arthroscopic capsular reconstruc-
tion for internal impingement.

Derotation Osteotomy

As it is reported in some studies, humeral anteversion is 
increased in throwing athletes, humeral derotation osteoto-
mies are proposed to correct malrotation. High complication 
rates and dissatisfying results have halted popularization of 
this treatment technique.

Conclusion

Experience of the surgeon and high compliance of the patient 
are two important factors for successful results in treatment 
of internal impingement. Isolation and prevention of precipi-
tating or triggering factors are of paramount importance for 
the best outcome.

Whatever the surgical technique used, physical rehabilita-
tion remains the sine qua non of a good result. Team-mates 
and trainers of athlete should be counselled for an earlier 
return to sporting activity. Technically, true muscle coordina-
tion, changing the faulty technique of throwing and strength-
ening exercises improves functional outcome and allows 
earlier return to active sports.
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Anterior Shoulder Instability

Mustafa Karahan, Umut Akgün,  and Rü tü Nuran

Studies in the last years prove that anterior instability occurs 
with the combination of many factors. Almost in every shoul-
der instability case; the main pathology does not involve only 
one anatomic lesion, but mostly it is the combination of 
pathologies in the joint. So all the pathologies should be 
treated to achieve a good stability in the diagnosis of anterior 
instability which is the most common type; in addition to the 
knowledge of anatomy and biomechanics, proper physical 
examination and radiological evaluation is needed. Every 
case should be evaluated by its own and proper treatment 
options should be planned according to this.

Anatomy and Biomechanics

While evaluating the shoulder joint, which is a ball-socket 
type, the main point is a large humeral head surface articulat-
ing with a small glenoid surface. Humeral head should be 
central to be in a stable position through its range of motion 
[38]. There is only 1 mm translation of the humeral head 
from the glenoid surface during its motion in anatomic planes 
[24, 50]. To gain this centralization, many factors should 
function together. Factors important in stabilization are stud-
ied in two main groups (Table 1).

Generally, static factors play a role in the end limits of the 
shoulder joint motion and they are tight in the limits of motion 
arc, whereas generally loose during the motion. On the other 
hand dynamic factors work through the motion arc.

Static Factors

Static factors activate during the end stages of the motion and 
while the arm is in a resting position next to the body. 
Generally, they have no function during the mid-range of 
motions. Basically; humeral head and glenoid cavity need 
version to fit properly. Different anatomic studies show that 
glenoid cavity has a retroversion in 75% (average retroversion 
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angle is 7°), and it also has an anteversion in 25% (the angle 
of anteversion varies between 2° and 10°), which means that 
this anteversion angle may affect instability; humeral head 
has retroverted alignment comparing to both condyles and this 
version differs from 17° to 30° in different studies [57, 61]. In 
addition, glenoid surface has 5° of inclination vertically and 
according to many authors this affects inferior stability [65]. 
The bony structures of glenoid cavity and humeral head has 
little affect on stability because humeral head chondral sur-
face is 21–22 cm2 and glenoid chondral surface is 8–9 cm2; so 
that only 25% of the humeral head surface can be counterbal-
anced by the glenoid cavity during shoulder motion [58].

Glenoid labrum is a meniscoid structure rich in collagen 
fibers surrounding the glenoid cavity and has the main con-
tribution to stability. With the help of labral tissue, glenoid 
fossa, which has a rather shallow surface, increases its 
depth and contact surface [23] (Fig. 1). With the excision 
of labrum, which has a buffering affect with its triangular 
configuration, there is 20% decrease in stability [28, 35]. 
Labrum; surrounding the glenoid cavity attaches to glenoid 
medially and laterally; and it helps the attachment of the capsule 
and the glenohumeral ligaments. To understand the capsule 
and the ligaments properly glenoid is divided according to 
the clockwise system (Fig. 2). Although inferior labrum 

has tight attachment to glenoid, superior labrum is in the 
attachment site of long head of biceps tendon so that it has 
a rather mobile structure. Anterior labrum is rich in ana-
tomic variations, pathological lesions, and these variations 
should be assessed carefully [64] (Fig. 3). Glenohumeral 
ligaments and the capsule; are the most active tissues in 
shoulder joint stability. Glenohumeral ligaments are com-
posed of; superior glenohumeral ligament (SGHL), middle 
glenohumeral ligament (MGHL), and inferior glenohumeral 
ligament (IGHL). SGHL is the smallest in all these, so it 
has little effect on stability. It has a close relation with 
superior glenoid rim, biceps tendon, and MGHL. It joins 
with coracohumeral ligament and runs over the bicipital 
groove then attaches to lesser tubercle so that it has a func-
tion in biceps pulley system. SGHL; mainly functions in 
inferior stability in adduction and also limits external rota-
tion [2, 46] (Fig. 4). The coracohumeral ligament, which is 
an extra-articular ligament, also contributes to inferior sta-
bility during adduction [2]. MGHL has many variations, 
originates from the upper one-third of the glenoid labrum, 
and runs obliquely crossing the subscapularis tendon and 
attaches lesser tubercle (Fig. 4). MGHL plays major role in 
anterior stability in 45° of abduction and also limits exter-
nal rotation [46, 60]. IGHL, has a hammock shape and 
forms by the combination of anterior and posterior bands 
and the axilla lies in between. It has its origin in the inferior 
glenoid labrum and attaches to humeral neck. It plays a 
major role in anterior stability during abduction and exter-
nal rotation of the shoulder [60] (Fig. 5). Shoulder joint 
capsule, in addition to its ligaments, has also contributed to 
stability with its volume. The increase in joint volume is 
expected to be a reason of global instability whereas the 
decrease in that volume can cause limitation of joint motion 
[13, 36]. There is a natural negative pressure in the joint, 
forming a vacuum affect which resists translations and 

Table 1 Static and dynamic factors in shoulder joint stability

Static factors Dynamic factors

Glenoid – humeral head version Rotator cuff

Glenoid – humeral head configuration Biceps tendon

Glenoid labrum Scapular rotators

Glenohumeral ligaments and capsul Propriocepsion
Adhesion and cohesion
(−) Intra-articular pressure
Rotator cuff

Humeral head Anterior labrum

Posterior labrum
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Fig. 1 Wedge effect of the 
glenoid labrum in the stability of 
the humeral head in glenoid fossa
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helps stability. In addition “adhesion” between the synovial 
fluid and chondral tissues and “cohesion” between the syn-
ovial fluid itself contributes to stability [39]. Passive mus-
culotendinous tension in the rotator cuff also helps in static 
stabilization of the joint. Subscapular muscle resists ante-
rior translation whereas teres minor and infraspinatus resist 
posterior translation [47, 48].

Dynamic Factors

Dynamic factors act especially during the mid-range of shoul-
der motions, in which the movement has the fastest torque 

with many external forces acting on it. During the motion,, all 
dynamic factors should act together to have the humeral head 
centralized in the glenoid cavity [34, 35, 38, 62]. Muscles of 
the shoulder region, act as a stabilizer complex functioning to 
centralize the head in the glenoid cavity during shoulder 
motion; this is known as “Couple concept” [64]. For example; 
the action of deltoid muscle translates the humeral head supe-
riorly while the action of rotator cuff pushes the humeral head 
inferiorly. [12]. In addition; the coordination between the scap-
ular rotators during shoulder motion adjusts the inclination of 
the glenoid surface so that there is a stable surface underneath 
the humeral head [29]. Especially during overhead activities, 
to have the shoulder joint centralized, the amount of compres-
sive forces are almost 90% of the body weight [25, 62]. Recent 
studies show that the long head of biceps also contributes to 
stability in different angles of the joint; in contraction, it brings 
the humeral head closer to the glenoid center and contributes 
to the superoinferior stability and helps anteroposterior stabil-
ity, while the shoulder is in external rotation [30, 55].
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Fig. 2 Clockwise system is useful for positioning of the labral lesions

Fig. 3 Left shoulder arthroscopic view from posterior portal, asteriks 
shows an anatomic variant “Sublabral hole.” LHB long head of biceps, 
MGHL middle glenohumeral ligament, GL glenoid labrum

Fig. 4 Right shoulder arthroscopic view from posterior portal shows 
anterior glenohumeral ligaments. LHB long head of biceps, MGHL 
middle glenohumeral ligament, CHL coraco humeral ligament, SGHL 
superior glenohumeral ligament, ST subscapularis tendon

Fig. 5 Left shoulder arthroscopic view from posterior portal, probe 
shows the anterior band of the inferior glenohumeral ligament at 
5 o’clock position. GL glenoid labrum
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Pathophysiology

Shoulder joint, having the widest range of motion (ROM) in 
the human body, is the joint with most instability episodes 
[10]. In addition to the knowledge of instability, which is a 
pathologic condition, a physiological condition known as 
hyperlaxity should be mastered as well. Although it is a 
physiological condition, hyperlaxity can predispose to insta-
bility [40]. With proper evaluation and physical examination, 
hyperlaxity and instability can be dissociated. Although it 
can be seen due to sports, hyperlaxity is genetic, mostly in 
women. It is a bilateral, multidirectional condition and can 
have other hyperlaxity criteria [3, 7]. Although shoulder 
instabilities are grouped as anterior, posterior, and multidi-
rectional, anterior instability has the highest incidence. 
Talking about anterior shoulder instability, two clinical entity 
such as luxation and subluxation should be discussed. 
Luxation is the total disruption of the glenohumeral relation, 
where as subluxation is the self-limited, short-term and par-
tial disruption of this relation. Luxations are traumatic and 
out of control; subluxations can be repetitive, without any 
trauma and can be controlled/ uncontrolled type. In addition, 
untreated first time luxations have the risk of becoming 
repetitive. Pathologies and the affected anatomic tissues are 
listed in Table 2. In literature, many different classifications 
were used for shoulder instabilities. The classical classifica-
tion is TUBS (traumatic, typically unilateral, with a Bankart 
lesion and usually requiring surgery to stabilize the shoulder) 
and AMBRI (atraumatic, multidirectional, commonly bilat-
eral, treatment by rehabilitation and inferior capsular shift in 
some refractory patients) [59]. As it is a general classifica-
tion system, criterias like, voluntary dislocations, psychiatric 
conditions, and the frequency are added [45, 54]. In this part, 
most common anterior shoulder instabilities are going to be 
evaluated as follows:

1. Acute anterior shoulder luxation
2. Recurrent anterior shoulder instability, luxation, and 

subluxation

Diagnosis

Correct diagnosis of anterior shoulder instability and address-
ing of the involved pathology are two main points for the 
proper treatment. The steps for the correct diagnosis are; 
good history, physical examination, and radiology.

History

Most patients have the history of acute shoulder dislocation, 
whereas repetitive subluxation episodes are rare to be 
expressed. Although the luxations can be traumatic (sudden 
fall or impact), minimally traumatic (swimming, throwing, 
etc.), or atraumatic (trying to reach backward, etc.), clinically 
the patient is in a noisy condition and importantly feel relaxed 
after relocation. Relocation, whether easy or difficult, also 
gives an idea about the degree of instability. During recurrent 
instabilities after luxation, patients will feel discomfort when 
the shoulder is in abduction and external rotation. In addi-
tion, symptoms of subluxation and instability are rather hard 
to document and complicated. For instance, patient with infe-
rior instability can have discomfort while carrying heavy 
objects and paresthesia can accompany this symptom. The 
specific motion creating the symptoms and/or the magnitude 
of the trauma, if present, can help us to evaluate the patient. 
In some cases, the symptoms arise in the last ranges of motion 
during athletic activities, where as in some cases luxation or 
subluxation can be seen even during sleeping. In addition; 
evaluation of any psychiatric condition and epileptic condi-
tion should be evaluated to have a proper treatment option.

Physical Examination

Standard physical examination must start with inspection. 
Both shoulders must be examined and any asymmetry and/or 
atrophy should be noted. In total shoulder luxations; humeral 
head can be palpated just inferior and anterior to the joint 
with a sulcus in the deltoid area. Pain and limited motion are 
obvious symptoms. Superficial bony landmarks should be 
palpated to rule out associated injuries. Neurovascular exam-
ination of the upper extremity should be done in acute dislo-
cations. To diagnose any axillary nerve injury, motor function 

Table 2 Anatomic parts and pathologies in anterior shoulder 
instability

Affected anatomic tissue Pathology

Glenoid labrum Bankart – Perthes, ALPSA, 
GLAD lesions

Glenohumeral ligaments and 
capsul

HAGL, capsular deformity 
and laxity

Posterolateral part of humeral head Hill–Sachs lesion

Anterior part of glenoid cavity Bony bankart

Glenoid cavity Congenital or trauma-induced 
version insufficiency

Humeral head Congenital or trauma-induced 
version insufficiency

Long head of biceps tendon SLAP

Rotator cuff Subscapularis tendon tears
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of deltoid and superficial sensory function over the deltoid 
muscle should be examined. In acute conditions no further 
evaluation is needed. In cases of instability, physical exami-
nation continues with evaluation of passive and active ROM 
of the shoulder joint and should be compared with the oppo-
site shoulder. The rotator cuff strength should be examined 
as well, because the risk of rotator cuff tears increase in 
patients with shoulder luxation more than 30 years old. After 
this; examination of glenohumeral joint stability should start. 
The patient should be in a relaxed position during this exami-
nation and the opposite shoulder should be examined as well. 
The most preferred tests are sulcus sign, anterior apprehen-
sion, posterior apprehension, and load-shift tests [42]. Results 
of these tests may differ between the patients and the physi-
cians as well, so the most important point is to compare the 
opposite intact shoulder. In the suspicion of instability, 
hyperlaxity tests should be performed in every patient and 
should be ruled out clinically. Presence of any four of the 
hyperlaxity criterias, shown in Table 3, is positive for clinical 
hyperlaxity [3].

Radiology

In addition to the anterior dislocation, there is also an inferior 
displacement, which makes the diagnosis easier with a direct 
AP radiography of the shoulder joint in acute dislocations. 
Because of pain in the acute dislocation, the patient may be 
unable to abduct or rotate the shoulder so that the axillary, 
West point or Stryker notch views are difficult to obtain. But 
after closed reduction, the first evaluation of the patient with 
direct radiographies is important to rule out any bony lesions 
seen in 55% of the patients [43]. Standard scapular AP and 
lateral views taken in internal rotation of the shoulder are 
important to show Hill–Sachs lesion. Stryker view is used 
for the Hill–Sachs lesion whereas West Point view is used 
for glenoid rim fractures. MRI is better to define soft tissue 
pathologies of the shoulder. The advantages of MRI are no 
exposure to ionizing radiation, good soft tissue resolution, 
noninvasiveness, and the advantage of multiplane evaluation. 

Early MRI evaluation after reduction has 91% sensitivity in 
diagnosis of capsulo-labral injuries [32]. MR arthrography 
has the advantage of detecting variations of the capsulolabral 
pathologies including ALPSA (anterior labroligamentous 
periosteal sleeve avulsion) lesion, GLAD (glenolabral artic-
ular disruption) lesion. And also the use of arthrography for 
multidirectional instability provides the joint distention nec-
essary to evaluate the capsular volume. MRI and MR arthrog-
raphy has 96% sensitivity and also better than CT in diagnosis 
of inferior glenohumeral ligament [16].

Treatment

Acute Anterior Shoulder Luxation  
(First Episode)

Ninety-six percent of all shoulder dislocations are anterior 
type and mainly due to a major trauma [14]. Although the 
first episode of dislocation is seen in young population 
mostly, there are also cases seen at 45 years of age or older 
[15, 56]. In younger age the incidence is nine times more in 
men, where as the incidence in elder population is three times 
more in women [18].

After reduction, there are two different strategies for the 
treatment of acute anterior shoulder dislocation. Although 
conservative treatment is chosen generally after the first dis-
location [21, 33, 37], the incidence of re-dislocation after the 
first episode is between 30% and 100% [34]. At this point, 
the age of the patient at the first dislocation episode and the 
activity level of the patient are two main concerns for the 
final treatment decision. The risk of re-dislocation will be 
higher if the first episode is at the age of 20 or below; the risk 
will be less after the age of 30 and even will not be after 
60 years [37].

The activity level is also important; especially patients 
with contact sports are in great risk of re-dislocation [20]. 
Although there is no such criterion for choosing proper treat-
ment after the first dislocation episode [18], it is generally 
well accepted to try conservative treatment in the middle age 
or elder population after the first episode. But in this group of 
patients, associated rotator cuff pathologies should be ruled 
out [44]. The risk of re-dislocation and the failure rate of 
conservative treatment in young or active patients with con-
tact sports must be discussed with the patient in details, and 
the final decision should be made together. This kind of 
approach is well accepted. But there is a challenging group 
of patients who are professional athletes. In the treatment of 
an athlete having his/her first episode of shoulder dislocation 
during the season, time to return to preinjury level and con-
cerns about missing all the season should be kept in mind 

Table 3 Brighton’s criteria of clinical hyperlaxity, 4 or more points is 
a sign of hyperlaxity

90° of passive dorsiflexion of fifth 
MCP joint

1 point (Max 2)

Touch of the thumb on the forearm 1 point (Max 2)

Hyperextension of the elbow 1 puan (Max 2)

Hyperextension of the knee 1 puan (Max 2)

Touching the ground with both 
palms while both knees are in full 
extension

1 point (Max 1)
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while deciding the optional treatment. Many athletes try to 
return as early as possible and even postpone his/her surgery 
till the end of season. In a study of Buss et al., 30 athletes 
having their first episode during the season are taken to reha-
bilitation without any immobilization and permitted to return 
to sports when they achieve the same strength and ROM 
compared to opposite side. They only used braces to limit 
abduction. Most of these athletes are in contact sports and 27 
out of 30 return to sports, and 26 of them are able to finish 
the season. Thirty-seven percent of the group who return to 
sports have at least one episode of dislocation during the 
game and 46% of them choose surgical treatment at the end 
of the season [9]. Although these results conflict with the 
authors who are recommending immobilization in the con-
servative therapy, are accepted to be a good alternative for 
the mid-season injuries. In the classical conservative treat-
ment, 3–6 weeks of immobilization is recommended; the 
need for immobilization and the optional position are two 
main issues still being discussed. Generally, the conservative 
treatment includes 3–6 weeks of immobilization in which 
the arm rests on the body in internal rotation. But clinical and 
experimental studies are showing the opposite. Hovelius 
et al., in a prospective study found no difference in recur-
rence rates between patients with early mobilization and 
with prolonged immobilization [22]. There are studies show-
ing that the position of immobilization should be opposite. In 
a cadaver study of Miller et al., the contact force between 
labrum and the glenoid rim at the Bankart lesion area during 
internal rotation is measured to be zero, where as the greatest 
contact force is achieved at 45° of external rotation [41]. 
Based on this data, in a study of Itoi et al., MRI studies 
showed that the contact area between labrum and the glenoid 
were higher in an externally rotated shoulder. In the follow-
up studies, re-dislocation rates of shoulders which are immo-
bilized in external rotation are reported to be less than the 
shoulders immobilized in classical position [26, 27, 31].

Besides, when all studies about this topic are evaluated, there 
is still no randomized controlled study about the proper conser-
vative treatment [17]. Decision making of surgical treatment of 
acute anterior shoulder dislocation should be made according to 
the pathology in the joint. At this point, the main source of the 
instability should be clear. These lesions could be classical 
Bankart lesion, bony Bankart lesion, ALPSA, and HAGL lesions. 
All these lesions could be treated with open and arthroscopic 
techniques. Acute bony Bankart lesions can be treated success-
fully with open or arthroscopic techniques to avoid recurrent 
instability [4, 51]. Acute early surgical repair of bony Bankart 
lesions have better clinical outcomes than late repair [52]. 
Generally, the approach of the authors to acute anterior disloca-
tion, except for the patients less than 20 yeras of age, is conserva-
tive treatment with aclose follow up. Surgical treatment is 
considered for those with re-dislocation or with limited activity 
level. Surgical treatment is recommended for acute dislocations 

in the patients less than 20 years of age and arthroscopic treat-
ment is the first option except large bony lesions.

Recurrent Anterior Shoulder Instability

Evaluation of the first episode plays a major role in the deci-
sion making of treatment in recurrent instability. If the first 
episode is not well known and there is no trauma history; 
physical treatment and rehabilitation should be considered 
first. In the presence of a trauma, the underlying pathology 
should be evaluated in details to have a proper treatment 
plan. According to the age and activity level of the patient, 
physical treatment and rehabilitation should be kept in mind. 
But in young and active patients, desired activity level could 
not be achieved with conservative treatment. In recurrent 
anterior instability cases, the aim of surgical treatment is to 
have anatomical reconstruction of the pathological lesion. 
Open or arthroscopic techniques could be preferred accord-
ing to the underlying pathology. The goal of surgery in clas-
sical Bankart lesion is to fix capsulolabral tissue on the 
glenoid properly. The tension of anterior inferior gle-
nohumeral ligament is very important at this point. But there 
could be some loosening due to capsular degeneration, so 
that south to north shifting of capsulolabral tissue is recom-
mended. Labral tissue should be fixed at the glenoid chon-
dral edge to achieve proper anatomical stability (Fig. 6). In 
recurrent instabilities, bony lesions should be evaluated care-
fully which might be the main reason of the failure of the 
treatment. Bony lesions can be missed in 60% of cases in 
direct graphies [8]. Recurrent instability due to bony failure 
can be seen at two different points, glenoid bone loss or large 
Hill–Sachs lesion. In lesions of glenoid anterior–inferior 
side, if preoperative evaluation of glenoid with CT reveals 
the glenoid index to be 0.75 or less, or during arthroscopic 
evaluation of glenoid there is a bony loss of 25% or more, 
bone grafting is indicated [4, 11] (Fig. 7). In early cases, 
bony Bankart lesions can be fixed to glenoid anatomically, 
but in late cases grafting is needed. Free iliac grafts, Bristow, 
or Laterjet procedures can be used as surgical options [1, 19]. 
In these lesions, authors prefer arthroscopically controlled 
mini-open Laterjet procedure. The presence of anterior 
engagement in large Hill–Sachs lesion is a condition that 
should be evaluated and reconstructed in addition to classical 
Bankart repair. During preoperative arthroscopic evaluation, 
engagement of defective area on the posterolateral side of 
humerus to glenoid anterior rim during functional ranges 
(abduction more than 70° and external rotation in addition) is 
an important criterion for additional approach. There are two 
different approaches in the treatment of engaged Hill–Sachs 
lesions. Engagement can be treated in patients with no ath-
letic expectations with anterior capsular shifting or humeral 
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rotational osteotomy restricting external rotation. But in 
patients with athletic expectations osteochondral grafting of 
the lesion could preserve motion arc. Authors prefer anterior 
capsular shifting in engaged Hill–Sachs lesions. In the treat-
ment of labral pathologies; ALPSA lesions should be evalu-
ated carefully. Since labrum is medially displaced with the 

scapular periost intact, the lesion should be positioned ana-
tomically. Because medial fixation of ALPSA lesions is the 
major factor of recurrence. HAGL lesion is also one of the 
important factors in recurrent instabilities. Especially with 
the use of arthroscopic techniques, diagnosis of HAGL 
lesions, which can be missed radiologically, become easier. 
The incidence of HAGL lesions in different series are 
reported to be 7.5–9.3% [49, 53, 66]. In the presence of 
HAGL lesions; according to the experience of surgeons, 
open or arthroscopic fixation of avulsed fragment from the 
humeral head should be done [5, 6, 53, 66]. Factors affecting 
surgical failure are failed indication and failed surgical tech-
niques. Failure of diagnosing multidirectional instability 
preoperatively is the main cause of failed indication. In addi-
tion, missed HAGL lesions, glenoid bony defects, engaging 
Hill–Sachs lesions, and rotator interval insufficiency 
decreases the success of surgical treatment. Medial fixation 
of labral tissue on the glenoid rim is the main cause of failed 
surgical technique and is an important factor in postoperative 
recurrence. Improper placement of anchors can cause 
impingement and chondral damage on the articular surface.
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Among all of the joints in human body, the glenohumeral 
joint has the greatest range of motion. Despite glenohumeral 
joint geometry offers a high functional status, disruption of 
static or dynamic stabilizing factors can easily result in shoul-
der instability. Bowen and Warren [11] reported that inferior 
glenohumeral ligament complex (IGHL) is the major static 
anterior stabilizing factor of the 90° abducted shoulder. IGHL 
complex has anterior and posterior band. The anterior band is 
responsible for this anterior stabilization [51]. Subscapularis 
also resist anterior translation [19, 67]. The rotator cuff 
enhances the stability via compressing the humeral head into 
glenoid cavity [41]. So, the rotator cuff can be termed as a 
dynamic stabilizing factor of the shoulder joint.

The normal passive translation of the humeral head over 
glenoid is termed as laxity of the joint. Excessive translation 
of the humeral head that alters the shoulder function is 
defined as instability. Anterior shoulder instability is often a 
sequela of an anterior glenohumeral dislocation.

Anterior glenohumeral dislocation is the most common 
type of shoulder dislocation. The estimated incidence of 
anterior shoulder dislocation is 1.7% in general population [27]. 
It is a very common injury among young athletes especially 
performing contact sports. The mechanism of injury is typi-
cally a collision or a fall with an abducted and externally 
rotated arm. Recurrence is about 90% especially in patients 
less than 20 years old, and only about 10% in patients older 
than 40 years old [23, 44, 57, 62]. So, age is a major determi-
nant factor of the recurrence. Recurrent instability can lead 
to a significant disability [72].

The most common pathology in the anterior shoulder 
instability is the antero-inferior capsulolabral injury and 
associated capsular loosening [26, 74]. Labral and capsular 
detachment from the glenoid rim is described by Bankart [6, 7] 
as the responsible lesion for anterior shoulder instability. 
Capsular tear and subscapularis tendon injury have also been 
implicated in the etiology [4, 48, 67, 71, 73]. In a systematic 
review of the literature, Bankart lesion is found in 400 of 472 
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patients with anterior shoulder instability (85%) [1, 3, 5, 25, 
37, 50, 53, 54, 60, 69]. So it cannot be recommended as an 
essential lesion. According to another theory, Bankart lesion 
alone cannot produce the anterior instability. The injuries of 
capsule and IGHL complex are also responsible for the 
pathologic anterior translation of humeral head [8, 63].

In addition, the role of glenoid bone loss is attributed to the 
etiology. In the 22% of initial dislocations [69] and up the 90% 
of recurrent instabilities [65], bony glenoid pathologies are 
reported. Sugaya et al. evaluated the glenoid rim morphology 
in 100 cases with anterior glenohumeral instability by using 
3D-CT images. Only 10% of cases had normal glenoid bone 
anatomy. Fifty percent of cases had a “Bony Bankart” lesion 
(fracture of glenoid rim). Forty percent of cases had bony ero-
sions or compression fracture pattern. Most common location 
is the anterior glenoid rim (between 2:30 and 4:20 o’clock) 
[59]. Many authors suggest that axial loading may lead to the 
fracture pattern. However, rotational mechanism may cause the 
avulsion of a small glenoid fragment by the IGHL [12]. 
Identifiable bone loss is frequently reported in the acute cases 
(<3 months) [52]. In case of chronic recurrent instability 
(>6 months), fracture fragment may resorb [66]. Furthermore, 
the most common pattern in chronic instability is the bony ero-
sion, and the lesion may enlarge or remodel over time [9, 47].

Instability could be intensified if there is an associated 
Hill–Sachs lesion [29]. It is the impression fracture of postero-
lateral humeral head that is resulted by the impaction of the 
soft base of humeral head against the relatively hard anterior 
glenoid rim (Fig. 1). It has been reported in the 32–51% of 
initial anterior dislocations [13, 28, 62] and up to 80% of 
cases with chronic instability [58]. More than 25% of humeral 
bone loss usually alters the joint stability and may cause 
engaging Hill–Sachs lesion which is described by Burkhart 
and De Beers [12]. The pathologic lesions in anterior gle-
nohumeral instability are summarized in (Table 1).

There are several clinical tests to determine the anterior 
instability. Apprehension/relocation test is described by 

Jobe [34]. The patient describes a feeling of apprehension as 
the humerus being subluxated anteriorly when the shoulder 
is abducted 90° and externally rotated. The alleviation of 
this feeling when a posterior force is applied to proximal 
humerus is the relocation component. Load and shift test is 
used to grade the humeral translation over glenoid [2]. 
Scapular protraction test provokes the involuntary move-
ment of the patient to maintain the glenohumeral joint stable 
in reduced position.

Conventional radiography is not useful to evaluate soft 
tissues around the shoulder joint, however it can be used to 
detect the glenohumeral dislocation, associated fractures or 
bony lesions of glenoid. A/P projection is efficient in evalu-
ating most traumatic events located around the shoulder area. 
A/P view of shoulder with the arm is internally rotated is 
useful in evaluating the Hill–Sachs lesion. However, over-
lapping of glenoid and humeral head prevents the visualiza-
tion of the joint space in A/P view. This overlapping is 
eliminated by internally rotating the patient towards the 
effected side approximately 40°. This projection is named as 
“Grashey Projection” and it evaluates the clear space between 
glenoid and humeral head. Axillary view (superoinferior 
projection) of shoulder is useful to determine anterior or pos-
terior dislocation. However, the abducted position of arm is 
difficult to achieve in a patient who is suffering from shoul-
der dislocation. In this situation, West Point view is useful. 
This projection is a variant of the Axillary view. Furthermore, 
clear demonstration of the anteroinferior glenoid rim is avail-
able in the West Point view. It offers an advantage of evaluat-
ing the etiology in such patients suffering from anterior 
shoulder dislocation/instability.

Computed tomography is useful in evaluating the exact 
relationship between the humeral head and glenoid fossa. 
Besides, CT is valuable in determining the configuration and 
the intraarticular extension of a fracture.

Magnetic resonance imaging is the gold standard to detect 
the intra/extra-articular pathology associated with anterior 
instability. This modality is particularly effective in imaging 

Fig. 1 Arthroscopic view of the Hill–Sachs lesion; posterolateral 
impaction of the humeral head

Table 1 Pathological lesions in anterior glenohumeral instability

Glenoid
Bony pathologies of glenoid rim
 Fractures of anterior glenoid rim
  Small (<5%)
  Medium (5–20%)
  Large (>20%)
 Compression fractures
 Bony erosions
Capsulolabral detachment (mostly in the anteroinferior region)
IGHL lesions (anterior band)
Capsular elongation/hyperlaxity
Rotator cuff injury (especially supscapularis tears)

Humerus
Hill–Sachs lesion
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of the soft tissues around the shoulder joint. Magnetic reso-
nance arthrography with the intraarticular gadolinium has 
been found to be more efficient than MRI without gadolin-
ium enhancement for detecting capsulolabral pathology 
[14–16]. In addition to, the abducted and externally rotated 
position of the shoulder is recommended to evaluate the gle-
noid labrum and capsuloligamentous complex [17].

There are many classification systems about shoulder 
instability. The acronyms TUBS and AMBRI are described 
by Thomas and Madsen [70].

TUBS: Traumatic – Unilateral – Bankart – Surgical
AMBRI: Atraumatic – Multidirectional – Bilateral – 
Rehabilitation

Rockwood described four patterns of instability [55].
Type 1: Traumatic subluxation with no previous dis-
location
Type 2: Traumatic subluxation with previous dis-
location
Type 3:
(A) Voluntary subluxation with psychiatric problems
(B) Voluntary subluxation without psychiatric problems
Type 4: Atraumatic involuntary subluxation

Gerber et al [22] have classified the instability as static (A), 
dynamic (B) and voluntary (C). This classification system is 
based on distinguishing the hyperlaxity from the instability. 
Hyperlaxity is confirmed as a condition that is not patho-
logic. Furthermore, there is an agreement that hyperlaxity is 
a risk factor of shoulder pathologies.

Silliman and Hawkins have classified the instability by 
either voluntary or involuntary, direction of instability, under-
lying traumatic event, recurrence of the dislocation [61]. It is 
a commonly used algorithmic approach.

Baker et al developed a classification system based on the 
early (11 days) arthroscopic findings of patients who had ini-
tial dislocations and were younger than 30 years old [5].

Group 1: Capsular tear with no labral lesion
Group 2: Capsular tear with partial labral tear
Group 3: Capsular tear with complete labral detachment

The first step of management is rapid and gentle reduction of 
anteriorly dislocated glenohumeral joint before muscle spasm 
develops. Neurovascular examination should be performed 
before and after the attempt of reduction. Appropriate muscle 
relaxation is a requirement for a successful reduction procedure. 
There are many reduction maneuvers as listed below (Table 2).

Non-operative treatment consists of immobilization, brac-
ing and physical therapy. The duration of immobilization 
after traumatic anterior shoulder dislocation is controversial. 
Recom mended duration of immobilization is 3 weeks for 
patients younger then 30 years old and 1 week for patients 
older than 30 years old [39]. The cause of longer immobiliza-
tion in the younger group is the high recurrence rates 

(approximately 90%) in this population [78]. In contrast, 
recurrence is not a frequent problem in the older population 
(approximately 10%) [56]. In cadaveric studies, two different 
pathologic lesions were shown in these different age groups. 
In the younger age population, there was a labral detachment 
from glenoid or disruption of labral fibers nears their bases. 
However in the older population there was no labral pathol-
ogy, but there was a capsular disruption [24]. The authors 
suggest that labral pathology cannot heal with immobiliza-
tion and it is responsible from the high incidence of recur-
rence in younger age group. Nevertheless, capsular pathology 
detected in the older age group can heal satisfactorily with 
conservative treatment and it is why recurrence rate is low.

Immobilization in internal rotation is the traditional method. 
However, most recent data suggests that, immobilization in 
external rotation has a lower recurrence rate [30–33]. Although 
recent literature points out that arthroscopic treatment has a 
lower incidence of recurrence than conservative treatment in 
first-time anterior shoulder dislocations, it should be appreci-
ated that immobilization method is internal rotation in these 
studies. Consequently, immobilization in external rotation is a 
new trend. If these early results can be reproduced in long term 
studies, traditional method of immobilization of first-time dis-
locations would be directed toward external rotation.

General surgical indications for anterior shoulder insta-
bility are listed below (Table 3).

Should we treat first-time anterior dislocation in young active 
patients surgically or conservative? It remains controversial. In 
a prospective study in young, active patients with initial 
 dislocation [3], one group of patients had conservative treatment 

Table 2 Reduction maneuvers in anterior GH dislocation

Table 3 Surgical indications for anterior glenohumeral instability

than 25% of glenoid, engaged Hill–Sachs)
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with immobilization of 4 weeks and following rehabilitation 
program. The second group treated by arthroscopic procedures 
and subsequent same rehabilitation procedure. Despite the 
recurrence rate in the non-operative group was as high as 80%, 
in the operative group, recurrence rate was only 14%. The 
authors believe that, performing an early arthroscopic interven-
tion before chronic changes occur (as labral degeneration, cap-
sular loosening or Hill–Sachs lesion) has the advantage of rapid 
healing. Another study shows the long-term (75 months) suc-
cess of immediate arthroscopic repair [38, 65]. However, the 
concept of immobilization in external rotation demonstrates 
dramatically lower recurrence rates according to the early 
results. For the present, it seems to be impossible to make a 
recommendation until long-term results or comparison with 
early arthroscopic interventions have been documented.

There are open and arthroscopic surgical options in the  
management of anterior glenohumeral instability. In most cases, 
the pathology can either be repaired by open or arthroscopic 
methods. The conclusion depends on the expertise of the sur-
geon. Open techniques are Summarized in (Table 4).

In a randomized prospective study, 72% of patients treated 
by open Bankart repair had good or excellent functional out-
comes in 10 year follow up [32, 33].

Although arthroscopic procedures becoming the standard 
treatment option in anterior shoulder instability, open surgi-
cal approaches still remains the choice of treatment in the 
cases of major bone loss, soft tissue deficiencies and revision 
surgery [45].

There are several complications and pitfalls in case of open 
treatment. Recurrence of instability is the most common com-
plication in the treatment of anterior shoulder instability either 
open or arthroscopic [76, 81]. In a study, recurrence rate was 
reported 17% in patients had one failed prior surgery, whereas 
it was 44% in patients had multiple failed prior surgical pro-
cedures [40]. Stiffness is infrequently problematic in anterior 
shoulder instability surgery. It is caused by the excessive 
tightening of the anterior capsule. Overconstraint, especially 
30% loss of external rotation, causes abnormal glenohumeral 

joint kinematics and increased shear forces in posterior gle-
noid rim. Following cartilage erosion and early osteoarthritis 
is called “capsulorrhaphy arthropathy” [75]. Other predispos-
ing factors of arthrosis are iatrogenic trauma and hardware 
problems like impingement of malpositioned screws or 
anchors. Subscapularis deficiency is another complication 
that causes functional disability. It is very important to detect 
and repair immediately, because ruptured subscapularis ten-
don often retracts and adhere to adjacent tissues. Surrounding 
neurovascular structures such as brachial plexus and axillary 
vessels are at risk. In acute cases, direct repair of subscapu-
laris tendon is often successful. But in chronic ruptures, 
Pectoralis major tendon transfer is required [77, 80].

At the present time, after advancements in arthroscopic 
techniques and surgical skills, arthroscopic treatment of 
anterior glenohumeral instability is becoming the first choice. 
Bottoni et al. reported that the outcomes of open and 
arthroscopic procedures are comparable. They also reported 
that postoperative ROM is greater in the arthroscopy group 
[10]. Otherwise using suture anchors lowered the recurrence 
rates compared with transglenoid suture fixation [35]. Ideally, 
Arthroscopic Bankart repair is indicated in a patient who had 
traumatic anterior glenohumeral instability with failed initial 
conservative treatment. After improved understanding of the 
pathoanatomy, with enhanced instrumentation and improved 
surgical technique, indications of arthroscopic treatment are 
becoming expanded; including initial dislocations, recurrent 
bidirectional instability, multidirectional instability, capsulo-
labral redundancy, and revision surgery after prior failed 
repair attempts. Also there is an advantage of detecting con-
comitant pathologies as SLAP lesions or rotator cuff tears. 
Arthroscopy is contraindicated in case of severe bony defects 
on glenoid or humeral head, humeral avulsion of glenohumeral 
ligaments (HAGL lesion), voluntary dislocation, brachial 
plexus lesion and scapulothoracic dysfunction.

The surgical technique of arthroscopic Bankart repair is 
well-defined [64]. Beach chair position is recommended in 
most cases of isolated anterior instability. Lateral decubitus 
position also may be used in cases of concurrent pathology as 
SLAP lesion, posterior labral tears or multidirectional insta-
bility, because joint distraction is possible. But a traction 
injury is a known complication which is associated with lat-
eral decubitus position. Arthroscopic procedure starts with a 
routine posterior portal and arthroscopic examination of gle-
nohumeral joint is performed. Biceps tendon, glenohumeral 
ligaments, joint capsule, anteroinferior capsuloligamentous 
complex should be evaluated. Bankart lesion and other pos-
sible concurrent pathology should be determined. In the 
absence of anterior instability, the arthroscope is not able to 
pass between humeral head and glenoid at the level of infe-
rior glenohumeral ligament. An opposite situation is called 
the “drive-through sign” [43] and it shows there is and exces-
sive laxity. Anterosuperior and anteroinferior portals are then 

Table 4 Open techniques for anterior glenohumeral instability

Anatomic repairs
 Open Bankart repair
 Selective capsular shift

Non-anatomic repairs
 Glenoid bone deficiency
  Coracoid process transfer
  Iliac crest autogreft
 Humeral bone deficiency
  Allogreft reconstruction
 Capsular deficiency
  Reconstruction with hamstrings and ITB autogrefts
 Subscapularis tendon tears
  Pectoralis major tendon transfer



Arthroscopic Treatment of Anterior Glenohumeral Instability 147

formed just lateral to the coracoid process with arthroscopic 
guidance. At least 3 cm interval between these foregoing por-
tals should be left. It is important to gain an adequate work-
ing space. The working cannula for inserting suture anchors 
and knot tying is preferably threaded and should be placed in 
anteroinferior portal. Anterosuperior portal has a role of 
assistance in the procedure. Initially, labral - ligamentous 
complex should be released at the antero-inferior aspect of 
glenoid to the level of 6 o’clock. Afterwards, glenoid bone 
should be decorticated to stimulate soft tissue healing. Suture 
anchors should be placed on the edge of articular surface 
[18]. The first suture anchor should be inserted at the 5.30 
o’clock position in a right shoulder (Fig. 2). According to the 
amount of labral separation, the number of suture anchor 
may vary. Other available anchor positions are 3 and 4 
o’clock. Finally, the capsulolabral tissue should be captured 
by suture-passing instrument and arthroscopic suture place-
ment and knot tying should be performed (Figs. 3 and 4).

a bFig. 2 Insertion of the first suture anchor to 
the 5.30 o’clock position after the 
preparation of the glenoid and capsulolabral 
complex

a b c

Fig. 3 Arthroscopic suture-passing procedure is performed by the proper instrument

Fig. 4 Final arthroscopic demonstration of the Bankart repair
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The alternative arthroscopic procedures for arthroscopic 
Bankart repair are thermal capsulorrhaphy and capsule-
 ligament suture plication. The response of collagen mol-
ecule to the thermal energy is interruption of triple helical 
molecular structure and shortening. Foregoing thermal 
energy can be applied via laser or radiofrequency instru-
ments. In cadaveric studies, it has been shown that thermal 
capsulorrhaphy reduces the translation of humeral head and 
the capsular volume up to 33% [36]. Following clinical stud-
ies investigated the efficiency of thermal capsulorrhaphy in 
multidirectional, unidirectional instability and rotator inter-
val problems. Unfortunately, unacceptable failure rates and 
complications as nerve injury, stiffness and capsular attenu-
ation had been reported [46, 49]. In contrast, thermal cap-
sulorrhaphy has been reported as an effective procedure 
in adjunction with capsulolabral repair [21, 42]. Another 
alternative treatment method is arthroscopic suture plica-
tion. A 19% reduction in the capsular volume was shown in 
cadaveric studies [36]. There are only a few articles about 
the efficiency of arthroscopic capsule plication [20, 68, 79]. 
However, because of the high complication rates associated 
with thermal capsulorrhaphy, capsular plication seems to be 
a reasonable treatment modality for arthroscopic treatment 
of anterior shoulder instability (in combination with Bankart 
repair), or in the case of capsular laxity.
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Acute Posterior Dislocations

George M. Kontakis, Neil Pennington, and Roger G. Hackney 

Introduction

Posterior shoulder dislocations have been characterized as 
easily missed injuries [9, 13]. This can be attributed to their 
rarity – less than 4% of all shoulder dislocations [17] – to the 
low index of suspicion by the clinicians and to the inappro-
priate evaluation of the shoulder imaging. A posterior dislo-
cation is considered as acute if it has been diagnosed within 
6 weeks from injury, whereas after 6 months, it is considered 
as chronic [23]. A common, unfortunate diagnostic scenario 
is as follows: an initial incorrect diagnosis of “shoulder con-
tusion” changes to “post-traumatic stiffness” several weeks 
later and progresses to “locked posterior shoulder disloca-
tion” some months or years after the injury [11, 13].

Missing an acute posterior shoulder dislocation has a tre-
mendous impact on shoulder function [17]. The conse-
quences are a permanent loss of articular surface contact, the 
engagement of the humeral head posteriorly on the glenoid 
rim, and continued pressure from the muscle forces resulting 
in deformity of the humeral head over time and permanent 
soft tissue contractures [17]. The clinician must know how to 
diagnose and manage a patient with this shoulder injury in a 
timely and appropriate manner.

Posterior shoulder dislocations may be associated with a 
surgical or anatomical neck fracture with or without a tuber-
osity fracture and can be classified as two-part, three-part, or 
four-part fracture dislocations according to Neer [19]. 
However, these are injuries more easily identified and require 
a different therapeutic approach, either an osteosynthesis [1] 
or an arthroplasty [10]. In this chapter, we will focus on the 
traumatic acute posterior shoulder dislocation with a single 
dislocation and an impaction humeral head fracture (reverse 
Hill–Sachs lesion) of variable severity.

Mechanism of Injury – Pathologic  
Anatomy – Classification

An acute posterior dislocation is the result of a force being 
applied to the anterior aspect of the shoulder with the arm to 
the side or through the long axis of flexed, adducted, and 
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internally rotated arm. In both situations the dislocating force 
is directed posteriorly. The mechanism of injury should raise 
the index of suspicion for a posterior dislocation.

The posterior shoulder dislocation commonly occurs after 
a traumatic event, an electric shock (electrocution or electro-
convulsive therapy) or after epileptic convulsions. A diabetic 
or an alcoholic patient or a drug abuser with a diagnosed 
posterior shoulder dislocation may obscure a seizure episode 
usually due to hypoglycemia or drug withdrawal [23]. The 
occurrence of the posterior dislocation in cases with convul-
sion or seizures is due to the overpowering contraction of the 
strong internal rotators muscles in relation to the contraction 
of the weak external rotators of the shoulder [5].

A reverse Hill–Sachs lesion (anterior humeral head impac-
tion) and posterior capsular and/or labral tearing are the usual 
lesions of a traumatic acute posterior shoulder dislocation. 
However, several studies have shown that a spectrum of injury 
exists. Ovesen and Sojbjerg [21], in a cadaveric study, showed 
that an induced posterior shoulder dislocation resulted in total 
rupture of the posterior capsule and teres minor in all (ten) 
cases with a partial lesion of the infraspinatus in the majority 
of them. In addition, an anterior capsular lesion with a partial 
subscapularis muscle rupture was noticed in eight out of ten 
cases. In another cadaveric study, it was reported that a major 
injury of the anterior glenohumeral joint structures is required 
for the occurrence of a posterior subluxation [20]. Incision of 
the entire posterior shoulder capsule could result in posterior 
subluxation but not in a frank dislocation even if the arm is in 
the provocative position (flexion-adduction-internal rotation) 
because the anterior capsular structures become tethered and 
act as a checkrein [25]. Attenuation of the anterior static sta-
bilizers of the glenohumeral joint is considered critical for the 
progression to a posterior dislocation [25]. MRI in 36 patients, 
who sustained an acute posterior shoulder dislocation, showed 
an incidence of 86% reverse Hill–Sachs lesions, 58% poste-
rior capsuloligamentous complex lesions, 31% posterior gle-
noid rim fractures, and 42% rotator cuff tears (19% full 
thickness) [24].

The following types of posterior dislocation have been 
described [8, 22]:

The rotational subluxation, where the humeral head is on 
to the posterior rim of the glenoid, in internal rotation 
(facing posteriorly)
The subacromial or retroglenoid type
The subspinous type (complete dislocation)
The posterior subglenoid type (rare)

However, any classification scheme must include informa-
tion of therapeutic and prognostic value. The above classifi-
cation is of limited value because it is grossly descriptive and 
does not take into account the size of the humeral head 

impaction (less than 20%, 20–45% and >45%), which is very 
important and guides the management of the patient [23].

Clinical Presentation

The patient presents with shoulder pain after an injury. In 
individuals of slight or medium build, a deformity of the 
shoulder may be easily recognized because of the posterior 
prominence of the dislocated humeral head, the anterior 
prominence of the acromion and the coracoid process, and 
the presence of an anterior dimple (Fig. 1). This clinical pic-
ture is not easily noticed in obese patients.

The patient supports the arm with the elbow 90° flexed 
and the palm in contact with the anterior abdominal wall 
(humerus internally rotated). The abduction is limited and 
the person is unable to externally rotate the arm either 
actively or passively.

In the unconscious polytrauma patient, a visible defor-
mity or indirect signs of an impact on the anterior shoulder or 
limitation of the passive external rotation may be clues for 
the suspicion of a posterior dislocation.

Radiological Examination

The traditional anteroposterior shoulder view in the thoracic 
plane should show (Fig. 2):

Fig. 1 This is a photograph of a 45 -year-old patient with a posterior 
shoulder dislocation in the operating theatre before attempting a reduc-
tion. They are obvious: the posterior prominence of the dislocated 
humeral head, the anterior prominence of the acromion and the cora-
coid process, and the presence of an anterior dimple
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Internal rotation of the humeral head
Absence of the half-moon appearance of the overlapping 
between humeral head and the glenoid
Flattening of the medial aspect of the humeral head due to 
the reverse Hill–Sachs lesion
Subluxation (superior or inferior) of the humeral head in 
relation to the glenoid, and
Cystic appearance of the humeral head due to the anterior 
position of the greater tuberosity [22].

The transthoracic shoulder view rarely is a radiograph of 
 sufficient quality to demonstrate the interruption of the 
 normal scapulohumeral arch which occurs with posterior 
dislocations.

Anteroposterior radiographic views frequently present 
difficulties in interpretation, and the inexperienced viewer 
may miss the diagnosis.

The evaluation of every injured shoulder necessitates “the 
trauma series” radiographs, which are the following [19]:

The true AP shoulder projection, which will show that the 
intra-articular space does not exist and an overlapping of 
the humeral head and the glenoid is visible.
The Y-scapular or scapular-lateral projection, which 
shows clearly the posterior dislocation of the head in rela-
tion to the glenoid.
The axillary view, which will reveal better the posterior 
dislocation.

The axillary view is usually difficult to be taken with the 
patient awake, though only a minimal abduction is required 

for an adequate image [16]. For this reason, modifications of 
the axillary view have been proposed [3]. Both the Velpeaux 
axillary and the angle-up views are taken with the patient’s 
Velpeau bandage or shoulder sling in place. They are techni-
cally easy and diagnostically informative.

In case of doubt, computerized tomography (CT) scan is 
used. It can be argued that CT scan should be performed in 
every case of posterior shoulder dislocation to reveal possi-
ble occult fracture lines that should be considered before 
attempting a reduction. CT scan is the modality that pre-
cisely depicts the size of the impression fracture of the head, 
which is a valuable parameter for the therapeutic decision 
making. MRI has no established value in acute traumatic 
posterior shoulder dislocation, although it could offer some 
additional information regarding the extent of the soft tissue 
damage [24].

Treatment

Closed reduction – under general anesthesia – should be per-
formed in all patients if the articular bone defect (head 
impaction) is less than 20–25%. A defect greater than this, 
usually affects joint stability and may necessitate surgical 
intervention. The general condition of the patient and the 
size of the humeral head impaction affect the therapeutic 
decision making. Debilitated patients with limited demands 
and patients with behavioral problems and psychiatric dis-
ease should not be candidates for a surgical procedure and a 
“skillful neglect” strategy should be acceptable [16]. In the 
majority of cases a surgical approach, when indicated, may 
be of benefit.

Any maneuvre for closed reduction should be performed 
carefully in order to avoid an iatrogenic humeral head frac-
ture [12]. Gentle axial lateral traction with the arm internally 
rotated should unlock the humeral head from the posterior 
glenoid rim and permit unrestricted external rotation leading 
to the reduction [16]. Alternatively, a successful reduction 
should be achieved by traction with the arm flexed-adducted 
and internally rotated and gentle external rotation when the 
humeral head has become dis-impacted. Sometimes this 
maneuver can be combined with lateral traction and manual 
pressure applied to the humeral head in a posteroanterior 
direction [11, 18].

The reduction is confirmed radiographically – usually by 
the use of image intensifier – with the patient anesthetized. 
The stability of the reduction should be checked under fluo-
roscopy. Attention should be given to the presence of a lesser 
tuberosity fracture, because if this is left unaddressed a recur-
rence of the dislocation may occur (Fig. 3).

Fig. 2 AP shoulder radiograph of a posterior shoulder dislocation 
(rotational subluxation – the humeral head is on to the posterior rim of 
the glenoid, facing posteriorly)
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The shoulder is immobilized in slight abduction and neu-
tral or external rotation for 4–6 weeks (Fig. 4). This timespan 
together with an appropriate position should allow healing of 
the avulsed posterior capsular-labrum and reduce the inci-
dence of recurrence [4, 7]. Isometric external rotation exer-
cises are encouraged within the brace. The immobilization 
period is followed by progressive range of motion and rota-
tor muscle strengthening exercises.

Open reduction should be considered as an option if the 
articular head defect is between 20% and 45% of the total artic-
ular surface or in cases where propagation of an occult fracture 
is possible during closed maneuvers. The deltopectoral 
approach is usually recommended although there are reports of 
a direct posterior approach [15, 16]. The lesser tuberosity 
should be osteotomized and reflected medially (with the sub-
scapularis muscle) to enhance visualization. The humeral head 

Fig. 3 AP and modified axillary views showing a posterior shoulder 
dislocation with an impaction of the humeral head (a and b). 
Fluoroscopic views showing a successful closed reduction and a lesser 

tuberosity fracture that was not addressed (c). Re-dislocation occurred 
3 weeks after immobilization in a sling (d)

Fig. 4 Immobilization in a brace
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Fig. 5 Intraoperative photographs. (a) The lesser tuberosity has been detached (sutures), the head is reduced, and the reverse Hill–Sachs lesion is 
visible. (b) The lesser tuberosity has been transferred into the defect and fixed by two cannulated screws

is carefully disimpacted and reduced. The lesser tuberosity is 
re-attached and fixed into the humeral head depression [11] 
(subscapularis transfer [17]), thus eliminating the possibility of 
engagement of the posterior glenoid rim and the recurrence of 
dislocation (Fig. 5). Several alternative treatments have been 
described in the literature for addressing major humeral head 
destruction. However, the series are small and their use has not 
been established. These include disimpaction of the articular 

surface and bone grafting [2] and reconstruction of the humeral 
head by the use of either an allograft or an autograft taken from 
the contralateral shoulder [6, 14].

Prosthetic replacement should be considered as an option 
in cases of humeral head destruction over 45% [16] (Fig. 6). 
The glenoid is not usually replaced in the acute setting. 
Early hemiarthroplasty can result in a successful outcome 
(Fig. 7).

a bR L

Fig. 6 Bilateral simultaneous posterior dislocations of the shoulders in a 62-year-old male after an episode of seizures. Plain AP radiographs (a, b) 
and CT scan (c, d) showing the head involvement in both shoulders
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a b

Fig. 7 (a) The patient in Fig. 6 
underwent hemiarthroplasties in 
both shoulders. Immobilization 
for 4 weeks with abduction 
pillows. (b) Shoulder elevation 
18 months postsurgery

c d

Fig. 6 (continued)

Conclusions: Key Points

The clinician must have a high index of suspicion for a 
posterior shoulder dislocation in shoulder injuries.
Detailed history, clinical examination may give clues.
Trauma series radiographs should be the rule in  
every shoulder injury. The axillary view is highly 
diagnostic.
Detailed assessment of the plain radiographs for not eas-
ily seen bony injuries.
CT should be useful if available in all cases.

Preoperative assessment of the size of the humeral 
impaction.
Closed reduction must always be performed under 
anesthesia.
Assessment of the joint stability after reduction is mandatory.
Immobilization in slight abduction and neutral or external 
rotation for 4–6 weeks.
Open reduction if the closed one fails or if the defect of 
the humeral is between 20% and 45%. Subscapularis or 
lesser tuberosity transfer into the defect.
Hemiarthroplasty if humeral head defect is over 45%.
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Management of Recurrent Dislocation  
of the Hypermobile Shoulder

Roger G. Hackney 

Introduction

Hypermobility is an excess of motion in a given joint. This 
may be restricted to a single joint but more commonly affects 
several joints and may be part of a systemic condition. There 
is a spectrum of hypermobility from normal through to 
benign hypermobility and on to Ehler’s Danlos disease. The 
incidence of generalized ligamentous joint laxity lies between 
5% and 15% of the population [11]. There are several genes 
for hypermobility that are sited close together, but it is pos-
sible for a patient to have a hypermobile shoulder without the 
rest of the upper limb involved.

It is important to recognize that instability is symptomatic 
laxity, and what may be ‘normal’ range of motion for one 
individual may be abnormal and symptomatic in another. 
Symptoms may include pain and not just a sensation of a 
loose or unstable shoulder.

The diagnosis of hypermobility is made by the use of 
scoring systems. The most commonly used is the Beighton 
score [4].

This allows one point for each of the following, each side 
for 1–4, giving a total of 9. A score of greater than 5 is con-
sidered hypermobile.

1. Passive hyperextension of the metacarpophalangeal joint 
of the little finger to 90°

2. Passive apposition of the thumb to the flexor aspect of the 
forearm

3. Passive elbow hyperextension 10°
4. Passive knee hyperextension 10°
5. Ability to place the hand flat on the floor standing with the 

knees straight

The disadvantage of this score when discussing glenohumeral 
joint laxity is that there are no references to the shoulder joint 
itself. There are several genes for hypermobility of different 
joints which are closely sited, but it is certainly possible to 
find patients who have hypermobility of some joints but not 
others.

Other scoring systems have been described such as the 
Hospital Del Mar score [7]. This ranges from 0 to 10 and is 
derived by assigning one point for each of the following.

R.G. Hackney 
Department of Trauma and Orthopaedics,  
Leeds General Infirmary, LS1 3DL Leeds, UK 
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 1.  Passive hyperextension of the metacarpophalangeal joint 
of the little finger to 90°

 2.  Passive apposition of the thumb to the flexor aspect of 
the forearm at <21 mm

 3. Passive elbow hyperextension 10°
 4. Passive shoulder external rotation 85°
 5. Passive hip abduction 85°
 6.  Hyperextension of the first metacarpophalangeal joint 

beyond 90°
 7.  Patellar hypermobility excessive passive displacement 

medially and laterally as assessed by three or more quad-
rants of displacement

 8.  Excessive range of passive ankle dorsiflexion and ever-
sion of the foot with the knee flexed to 90°

 9.  Passive knee hyperflexion, knee makes contact with the 
buttock

10.  A history of appearance of ecchymoses after minimal 
trauma

A score equal to or greater than 4/10 for males and 5/10 for 
females suggests the presence of generalized ligamentous 
laxity.

The latter score does include a shoulder component.
The author uses the following criteria to assess shoulder 

hypermobility in addition to the Beighton scoring system. 
This is a clinic-based examination. The clinician must take 
into consideration the anxiety of patients when examining 
the injured shoulder. The better shoulder to assess for laxity 
in this situation is the uninjured side.

1. Sulcus sign, greater than 1 cm as significant.
2. Passive external rotation to 80° with the elbow at the 

side.
3. Passive external rotation to 120° with the arm abducted 

to 90°.

Hypermobility in Sport

The hypermobile shoulder may confer an advantage to a 
sportsman or woman. Sports such as gymnastics, butterfly 
swimming, and overhead throwing require a range of motion 
beyond what would generally be regarded as normal. The 
average range of external rotation of the shoulder during a 
baseball pitch in professionals is 177°, and this is with the 
shoulder abducted to 90°! Javelin throwers may exceed this 
during their throw. Butterfly swimmers are able to clap hands 
behind their backs. Such individuals may have a predisposi-
tion to instability, although the evidence for this is limited 
with most sports. Throwing sports have undergone much 
more extensive investigation. Dead arm syndrome and inter-
nal impingement are attributable to glenohumeral joint insta-
bility. These conditions have anterior instability, often occult, 

as the underlying pathology and treatment is addressed to the 
instability rather than a secondary impingement.

The hypermobile shoulder has an increased tendency to 
instability. This may seem an obvious statement, but there is 
little evidence in the literature to support this statement [12]. 
The tendency would be to consider that there would be a 
tendency towards instability in more than one direction. This 
is the definition of multi-directional instability [16]. Multi-
directional laxity is not instability unless symptomatic. This 
last statement should be borne in mind when considering the 
papers which attempt to discuss multi-directional instability 
(MDI). McFarland critically assessed papers looking at 
multi-directional instability [15]. Different systems were 
used to classify MDI in the same group of patients under-
going surgery for instability. The incidence varied from 1.2% 
to 8.3%. The importance of this study is that it emphasizes 
the variance in incidence of MDI depending on the system 
used. The implication is that what may be instability in one 
study may be normal for another.

The terms hypermobility and multi-directional instability 
with reference to shoulder instability are not inter-change-
able. There are undoubtedly patients who overlap, but not all 
patients who have MDI are hypermobile. There is difficulty 
in interpreting the literature with reference to the hyper-
mobile patient, as the term MDI is used more frequently, but as 
McFarland showed, the term has no standardized definition.

Multi-directional laxity is common in the young. Roger 
Emery found evidence of this is 57% of asymptomatic male 
schoolchildren [10].

Terminology

There are two more terms that require defining, as manage-
ment is determined by recognizing the relevant patients.

Voluntary Dislocators

These are those individuals who are able to sublux their 
shoulder by voluntary contraction and relaxation of muscle 
agonist/antagonist.

Habitual Dislocators

These are those who are unable to maintain the position of 
the humeral head in the glenoid when moving the shoulder.

Habitual dislocators have an involuntary positional insta-
bility caused by excess contraction of one muscle group and 
relaxation of the antagonist group resulting in a subluxation 
or in extreme cases full dislocation of the shoulder. This is a 
neuro-muscular control problem.
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Muscle Patterning and the Stanmore 
Triangle

Hypermobility and trauma are only two aspects of the com-
plexity that is an unstable shoulder. Blasier et al. compared 
proprioception in individuals with and without hypermobil-
ity in shoulders [5]. They concluded that those with tighter 
joints had better proprioception. The glenohumeral joint is 
highly dependent upon muscle control for stability. The 
Stanmore triangle is a useful advance in understanding how 
shoulder laxity and muscle patterning contribute to shoulder 
instability. A given individual will lie somewhere within the 
bounds of an equilateral triangle with trauma, muscle pat-
terning and instability at each corner. The position within the 
triangle is placed according to the relative importance of 
each component of instability. This determines management 
with conservative or surgical management. The Stanmore 
triangle uses the term muscle patterning as a means of under-
standing these very complex patients. These are not volun-
tary dislocators, their problem is poor control of the humeral 
head against the glenoid. It is imperative to recognize these 
individuals as requiring expert rehabilitation and not surgery. 
Operating on these individuals is doomed to failure unless 
the muscle patterning issue is addressed [3].

Management of the Hypermobile, 
Unstable Shoulder

The clinician should make use of the concept of the Stanmore 
triangle and consider each of the three components for any 
given patient.

Habitual or involuntary positional instability should be 
managed with appropriate physiotherapy. Takwale and 
Calvert [19] treated a cohort of patients with this condition 
very successfully with conservative measures which include 
a careful explanation to the patient of the nature of their con-
dition, an analysis of abnormal muscle couples and muscle 
retraining with specialist physiotherapy including botulinum 
toxin, and biofeedback.

Voluntary dislocators rarely suffer serious symptoms. 
They can usually be managed by simple advice in the clinic 
and a referral to a specialist physiotherapy service. They 
should be advised not to continue their ‘trick’ movements. 
The tendency is for voluntary dislocators to stop their 
learned pattern of movement as they leave adolescence. 
There seems to be no risk of long term degenerative changes 
unless surgical intervention has occurred. There is very little 
in the literature, but I have patients who have had numerous 
surgical procedures in the distant past who have returned 
with secondary osteoarthrosis as a consequence of the pre-
vious surgery.

Surgery for the hypermobile shoulder should only be con-
sidered once conservative measures have failed. In this 
respect it is important that the surgeon has close communica-
tion with the supervising physiotherapist. The physiothera-
pist should be a specialist in upper limb problems. It should 
also be recognized that the rehabilitation in these patients 
begins with restoring stability to the pelvis and trunk. The 
shoulder is at the end of a kinetic chain, and unless the scap-
ula is sitting on a stable platform, i.e. the trunk, the shoulder 
exercises alone are doomed to fail.

If there are limitations in the skills of facilities available, 
then this must be dealt with honestly, and a referral made to 
a centre where such super-specialised treatment is available. 
Equally the patient must have undertaken the exercises which 
have been prescribed. The surgeon should have sufficient 
knowledge of the techniques of rehabilitation. The patient 
should be asked to demonstrate the exercises he/she has been 
doing. Hesitancy and confusion on the part of the patient is 
an indication that patient compliance has been poor. This is 
not a failure of conservative treatment that should be fol-
lowed by surgery. Time should be spent with the patient 
explaining the rationale of treatment and the limitations of 
surgery in hypermobile patients.

Hypermobile patients are probably at an increased risk of 
instability. The likely reason for this is that the static stabiliz-
ers are compromised. The glenohumeral ligaments are 
stretched and provide less restraint to the humeral head mov-
ing in the glenoid. The labrum can, therefore, become more 
important as a buffer. A frequent finding in these patients is 
that the labrum has become flattened and degenerate [13]. 
Given the lack of restraint from the ligaments, the loss of the 
suction cup effect of the labrum is likely to have a greater 
effect than on the normal population. The shoulder with 
compromised static stabilizers will require less trauma to 
lead to instability (symptomatic laxity) than a ‘normal’ 
shoulder. It is therefore possible to restore stability with 
repair of a relatively minor injury, and it is always a relief to 
the surgeon when arthroscopy reveals a mechanical lesion 
from the result of an injury which is amenable to repair and 
the likelihood of a more satisfactory outcome.

Risk Factors for Recurrence

History

Revision shoulder surgery for anterior instability is infre-
quently undertaken. The success rates for open surgery are in 
the region of 95% and modern arthroscopic techniques carry 
the same excellent results. Any patient who presents with 
recurrent instability following surgery requires a significant 
work-up to ascertain the reasons for the instability.
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The history of the very first dislocation or instability 
episode is important. The degree of trauma required and 
the age at first dislocation are important. An initial disloca-
tion that follows trivial trauma should alert the surgeon to 
the possibility of an underlying hypermobility or muscle 
patterning issue. The age of the patient is the most signifi-
cant factor in determining the risk of recurrence, but it is 
also my experience that hypermobility patients tend to 
 dislocate early in life. The degree of dislocation is also 
 significant. A subluxation episode with little pain and dis-
ability following is another indication of a hypermobility/ 
muscle patterning problem. The patient who ignores post-
operative instructions by removing the sling and return to 
activity is more likely to suffer recurrent instability. Return 
to contact sport is also a significant risk factor. Most sur-
geons recommend 6 months from surgery to return to con-
tact sports. Larrain [14] achieved excellent results from 
arthroscopic stabilization in rugby players, but with a 1 year 
break from sport.

Where surgery has taken place, as much information 
regarding the surgery should be obtained.

The findings on initial EUA, the arthroscopic findings and 
the nature of the repair, a patient found to be hyperlax on 
the table with minimal mechanical trauma is likely so be 
suffering from a hypermobility problem.
The nature of the surgery, open or arthroscopic, the num-
ber and position of anchors used, the degree of capsular 
shift use of thermal capsular shrinkage and the post- 
operative regime.
The post-operative management and compliance.

The time of recurrence of instability since surgery provides 
some insight into the nature of the problem. A short period 
implies one of the following:

That the patient may not have complied with the post-
operative regime, removed the sling too early;
Returned to contact sports the surgery was not performed 
technically correctly;
The wrong surgery was performed or the patient has an 
intrinsic problem with the shoulder.

The increased risk factors associated with bony injury and 
recurrence of instability has been described by Burkart and 
De Beer [8]. Other authors have emphasied the importance 
of the Hill-Sachs lesion [9].

The patient should be examined to assess the degree of 
joint laxity and the degree of any hypermobility ascertained. 
Any muscle patterning problems should be addressed by 
expert rehabilitation, these patients are at risk of undergoing 
multiple surgical procedures that are unlikely to be success-
ful and confuse any understanding of the true cause of insta-
bility. If the shoulder is tightened sufficiently to prevent 
instability there is a risk of secondary osteoarthrosis.

Investigations should include a plain film. Unfortunately 
anchors are occasionally placed outside bone. A CT scan will 
reveal the extent of any bony deficit. An MRI arthrogram 
may provide information as to the site of any mechanical 
injury, but may be useful to exclude this in a hypermobile 
patient to encourage persistent use of conservative measures.

Redo Surgery for Recurrent Instability 
Post Surgery

Although the main emphasis of this chapter has been the 
avoidance of surgery in hypermobile patients, they occasion-
ally fail to respond to conservative measures.

Revision surgery is less successful that first procedures. 
Boileau [6] found a 32% incidence of pain following 
arthroscopic surgery following failed initial open surgery. 
Hypermobile patients have an underlying abnormality of 
collagen. This is not capable of being corrected surgically. 
There will inevitably be a replacement of any scarring or pli-
cation tissue with the patient’s abnormal collagen. The 
patient should be counseled that there is a higher risk of 
recurrence in the medium and long term.

Where pathology is found in multi-directional instability, 
good results can be achieved using conventional techniques [1]. 
Baker [2] achieved an 86% return to sport following 
arthroscopic surgery for patients he deemed to have MDI. 
Again, a sportsman/woman with a degree of extra mobility 
under anaesthetic is not he same as a hypermobile patient. If 
investigation suggests a repairable lesion is present then 
examination under anaesthetic (EUA) followed by arthro-
scopy is performed. The surgeon undertaking the arthroscopy 
should be an experienced arthroscopist and upper limb sur-
geon. EUA is used to gauge the degree of laxity compared 
with the contralateral side. A finding of a shoulder that 
remains tight when examined under EUA will give rise to 
suspicion that the patient has not been complying with the 
rehabilitation regime and further surgery should be under-
taken only in the presence of a significant mechanical lesion.

Arthroscopy should study in particular the glenoid labrum. 
A labral tear can be repaired, and in addition extra capsule 
taken up in the repair to plicate both medially and superiorly. 
Variants of normal anatomy such as a sublabral hole and a 
Buford complex provide a challenge. In a normal individual 
repair of either variant is contra-indicated as the result is a stiff 
and hence painful shoulder. A stiffer, tighter shoulder in the 
aim of surgery and hence a repair or partial repair of either of 
the variants can contribute to the tightening of the capsule.

Kim [13] studied the labrum of MDI patients with MRI 
arthrogram and determined that the inferior labrum was flat-
tened and degenerate, losing the important buffer effect of 
the labrum. He undertook an extensive reconstruction of the 
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inferior labrum extending posteriorly and anteriorly up to the 
origin of the inferior gleno-humeral ligament. The results at 
2 years were good, but it should be borne in mind patients 
with hypermobility will present with recurring problems 
after a longer period than this.

Other authors recommend plication of the capsule and 
closure of the rotator interval. The capsule in hypermobile 
patients with multi-directional instability is theorized to be 
baggier, though the evidence to support this is still slight. 
Dewing et al. found the capsule to occupy a greater volume 
on MRI arthrogram in patients who had MDI or posterior 
instability, but not anterior instability [17].

Options for surgery to the capsule include thermal capsu-
lar shrinkage. When the technique first emerged there were 
claims that the damage to the collagen was permanent and 
that the altered tissue was not replaced. One of my patients 
reported that her joint was so much better, it was as if she has 
been walking with her shoelaces undone and they had been 
tightened. Clinical experience with longer follow-up showed 
this not to be the case, however. Two year follow-up revealed 
an unacceptably high failure rate especially with MDI and 
posterior instability [11]. However, thermal capsular shrink-
age may still have a place. Where a patient has poor muscle 
control yet no mechanical injury, it can be used to provide a 
temporary tightening of the capsule to allow the patient and 
physiotherapist a window of opportunity where they can 
work to restore control. I would augment this with a capsular 
plication and/or tightening of the rotator interval.

Open procedures still have a place. If the instability can 
be demonstrated to be predominantly anterior, then a bone 
block procedure such as a Latarjet would be reasonable. If 
the transfer of bone plus conjoined tendon is performed 
through a split in subscapularis then there is the additional 
benefit of the sling effect. The humeral head slips under sub-
scapularis with anterior dislocations in a position of abduc-
tion and external rotation. The transferred conjoined tendon 
is thought to prevent this.

I have used conventional open inferior-posterior capsular 
shift where arthroscopic procedures have failed to stand the 
test of time in a family with hypermobility approaching a 
diagnosis of Ehler’s Danlos syndrome. The open surgery has 
lasted longer than the arthroscopic procedures to date.

Ultimately, fusion of the glenohumeral joint will prevent 
any further subluxation/dislocation episodes. However, this 
may not mean that patients cease to complain of instability 
despite a sound fusion!

Conclusion

Hypermobile patients represent a group without a significant 
body of research in the literature. There is undoubtedly a 
cross-over with MDI which is more often reported. However, 

the definition of MDI is inconsistent, and I would question 
the relevance of a posterior laxity on EUA when unrelated to 
symptoms.

There are subgroups of patients, the habitual and volun-
tary dislocators, in whom conservative measures should be 
pursued most rigorously and surgery avoided. It is vital to be 
able to identify these patients. The surgeon should be famil-
iar with the terminology and be able to use the Stanmore 
triangle to develop a concept of the factors contributing to 
instability in a given individual. In these patients, surgery has 
a part to play only if super-specialised rehabilitation has 
failed, a mechanical lesion can be demonstrated.

Hypermobile patients also merit a similar determination 
to pursue conservative measures. There are a number of sur-
gical options available, but these are for the experienced 
upper limb surgeon. Patients should be counseled clearly on 
the expectation of outcome and the relatively poor long-term 
results.

Patients who have already undergone surgery need full 
assessment. Conservative treatment is the basis for manage-
ment. Surgery has a part to play in management when all else 
has been exhausted, but again, this is for the experienced sur-
geon who has a clear idea of the concepts and expectation of 
outcome.
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Current Trends on Shoulder Instability

Seung-Ho Kim 

Introduction

Instability of the shoulder joint is one of the most historical 
issues of all orthopedic diseases. Long ago, it had been 
described in the Edwin Smith Papyrus and later in the descrip-
tions of the Hippocrates. Variety of methods treating the 
shoulder instability had been developed for acute dislocation 
and recurrent instability. However, time has to pass out of a 
long plateau of uncertainty to finally reach to the modern 
trends of treatment methods. Improvement in the understand-
ing of the anatomy, biomechanics, and pathology of the 
shoulder instability as well as advances in the technology has 
changed operative and nonoperative methods of treatment of 
shoulder instability. In this chapter, the latest knowledge in 
treating the shoulder instability is discussed in its pathology, 
diagnosis, and operative and nonoperative treatments.

It is of importance for surgeons to distinguish between the 
laxity and instability. The laxity of the shoulder is a condi-
tion of looseness of the joint. It is most often inborn and is 
not pathologic by itself. A person who has a lax shoulder 
also demonstrates laxity in other areas of joint such as ankle, 
knee, and elbow joints. No matter how lax the shoulder joint 
is, it is not a disease which needs intensive treatment. At 
best, the laxity of the shoulder can be a potential cause of 
development of the instability in the future. However, insta-
bility is a disease and defined as symptomatic laxity of the 
shoulder. To make the diagnosis of shoulder instability, 
patients should have symptom which is usually shoulder pain 
at least in one direction of the laxity.

Although a person who has laxity of the shoulder may 
have subtle shoulder symptom such as easy fatigability 
while performing a heavy work or unfamiliar activity, the 
symptom is not a true shoulder pain related to the underly-
ing pathology of the instability. These conditions can be eas-
ily managed with rehabilitation focusing on strengthening 
and balancing the musculature around shoulder joint. 
Therefore, it is very important when evaluating patients to 
examine both the degree of laxity of the shoulder as well as 
test whether the laxity is related to the shoulder symptom. 
For example, anterior and posterior translation tests are 

S.-H. Kim 
Department of Orthopaedic Surgery, Madi Hospital,  
192-5 Nonhyeon, Gangnam, Seoul 135-010, Korea 
e-mail: shk@madi.or.kr

Contents

Introduction ................................................................................. 165

Traumatic Anterior Instability .................................................. 166

Atraumatic Instability ................................................................ 168
Pathogenesis .................................................................................. 168
Physical Examination .................................................................... 169
Instability Tests ............................................................................. 170
Radiographic Evaluation ............................................................... 172
Treatment Options ......................................................................... 172

Summary ...................................................................................... 173

References .................................................................................... 174



166 S.-H. Kim

measures of laxity of the shoulder anteriorly and posteriorly, 
while the anterior apprehension and jerk test are measures of 
instability, which evaluates the symptom related to the laxity 
of the shoulder joint.

One of the confusing classifications of the instability is a 
patient who demonstrates shoulder laxity in multidirection 
and traumatic anterior instability pattern. The patient may 
has grade 3 sulcus sign, increased anterior and posterior 
translation, and positive anterior apprehension and reloca-
tion tests in the physical examination. In the radiographic 
examination, Hill-Sachs lesion and Bankart lesion are clear. 
This patient, most reasonably, can be classified as traumatic 
anterior instability with multidirectional laxity as long as the 
patient does not have pain or symptom in other than anterior 
direction of the shoulder.

Traumatic Anterior Instability

Traumatic anterior dislocation is the most common form of 
injury in the shoulder. It accounts for about 96% of all shoul-
der instability. Traumatic anterior dislocation is most com-
monly characterized as having the Bankart and Hill-Sachs 
lesions. Although the Bankart lesion, which is tearing of 
anterior labrum from the glenoid, is the most common form 
of failure of the anterior stabilizing structure in the traumatic 
anterior dislocation, the failure can be at any area of the 
attachment of the inferior glenohumeral ligament. Recent 
studies suggest that the failure of anterior stabilizing liga-
mentous structure alone is insufficient to simulate anterior 
dislocation in the cadaveric model, rather division of entire 
circumferential joint capsule resulted in a significant anterior 
instability. Similarly, many of patients who demonstrate 
classic traumatic anterior instability have not only Bankart 
lesion but also capsular tearing either in the anterior or pos-
terior humeral insertional areas.

Acute traumatic anterior instability has controversies in 
the treatment. Generally, the natural course of the initial dis-
location depends on the age at the initial episode of instabil-
ity. Robinson et al. [43] performed a prospective cohort study 
of 252 patients who sustained an anterior glenohumeral dis-
location and were treated with sling immobilization, fol-
lowed by a physical therapy program. On survival analysis, 
instability developed in 55.7% of the shoulders within the 
first 2 years after the primary dislocation and increased to 
66.8% by the 5th year. The younger male patients were most 
at risk of instability, and 86.7% of all of the patients known 
to have recurrent instability had this complication develop 
within the first 2 years. A small but measurable degree of 
functional impairment was present at 2 years after the initial 
dislocation in most patients. They concluded that recurrent 
instability and deficits of shoulder function are common after 

primary nonoperative treatment of an anterior shoulder dis-
location. There is substantial variation in the risk of instabil-
ity, with younger males having the highest risk and females 
having a much lower risk.

It has believed that immobilization after the reduction of 
initial dislocation does not decrease substantial risk of recur-
rent instability. However, recent studies suggest that immobili-
zation in external rotation can reduce the risk of recurrence of 
the anterior instability. Itoi et al. [17] determined the benefit of 
immobilization in external rotation in a randomized controlled 
trial. One hundred and ninety-eight patients with an initial 
anterior dislocation of the shoulder were randomly assigned to 
be treated with immobilization in either internal rotation 
(94 shoulders) or external rotation (104 shoulders) for 3 weeks. 
The follow-up rate was 74 (79%) of 94 in the internal rotation 
group and 85 (82%) of 104 in the external rotation group. In a 
minimum follow-up period of 2 years, the intention-to-treat 
analysis revealed that the recurrence rate in the external rota-
tion group (22 of 85; 26%) was significantly lower than that in 
the internal rotation group (31 of 74; 42%) (p = 0.033) with a 
relative risk reduction of 38.2%. In the subgroup of patients 
who were 30 years of age or younger, the relative risk reduc-
tion was 46.1%. They concluded that immobilization in exter-
nal rotation after an initial shoulder dislocation reduces the risk 
of recurrence compared with that associated with the conven-
tional method of immobilization in internal rotation. This 
treatment method appears to be particularly beneficial for 
patients who are 30 years of age or younger.

The recurrence rate after first-time instability in the domi-
nant arm of the young and active male patients is as high as 
94%. Early surgical stabilization is strongly recommended in 
this group of patients who have substantially high risk of 
recurrence [1–3, 7, 13, 14].

Arciero et al. [3] underwent a prospective study evaluating 
nonoperative treatment versus arthroscopic Bankart suture 
repair for acute, initial dislocation of the shoulder in young 
athletes. Thirty-six athletes with an average age of 20 years 
were divided into two groups. Group I patients were immobi-
lized for 1 month followed by rehabilitation; they were 
allowed full activity at 4 months. Group II patients underwent 
arthroscopic Bankart repair followed by the same protocol as 
Group I. Group I consisted of 15 athletes. Twelve patients 
(80%) developed recurrent instability; 7 of the 12 required 
open Bankart repair for recurrent instability. Group II con-
sisted of 21 patients; 18 patients (86%) had no recurrent insta-
bility at last follow-up (average, 32 months; range, 15–45) 
(P = 0.001). One patient in Group II had required a subsequent 
open Bankart repair to treat symptomatic recurrence 
(P = 0.005). In this study, arthroscopic Bankart repair signifi-
cantly reduced the recurrence rate in young athletes who sus-
tained an acute, initial anterior dislocation of the shoulder.

Surgical treatment of traumatic anterior instability has 
been transited from the classic open Bankart repair to the 
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modern arthroscopic repair. Compared to the open Bankart 
repair, early techniques of arthroscopic repair of the Bankart 
lesion had higher recurrence rate. However, advances in the 
arthroscopic techniques and development of instrumentation 
allowed equivalent or superior outcome of arthroscopic 
repair compared to the traditional open Bankart repair. Kim 
et al. [19] compared the results of open and arthroscopic 
Bankart repair using suture anchors. At an average of 
39 months, 26 shoulders (86.6%) out of 30 shoulders with 
the open repair and 54 (91.5%) shoulders out of 59 shoulders 
with arthroscopic repair showed excellent or good results. 
The arthroscopic group revealed slightly higher scores in the 
Rowe (P = 0.041) and UCLA scores (P = 0.026). Two patients 
(6.7%) in the open repair group and two patients (3.4%) in 
the arthroscopic repair group had experienced at least one 
episode of redislocation after the surgery. One patient (3.3%) 
in the open repair group and four patients (6.8%) in the 
arthroscopic repair group demonstrated mild apprehension. 
The overall residual instability was 10% in the open repair 
group and 10.2% in the arthroscopic repair group. There 
were no significant differences in the loss of external rotation 
and return to prior activity between the two groups (P >0.05). 
They concluded that arthroscopic suture anchor capsulor-
rhaphy showed similar results to the open Bankart procedure. 
Bottoni et al. [6] reported that clinical outcomes after 
arthroscopic and open stabilization were comparable in a 
randomized controlled trial.

Current arthroscopic repair of anterior instability utilizes 
suture anchors and the outcomes are excellent [11, 20, 21, 
33, 46]. Recently, bioabsorbable suture anchors are available 
with an excellent pullout stability. The author in the Madi 
Hospital uses a small suture tack-type anchors (3.0 mm Bio-
SutureTak, Arthrex, Naples, Florida, USA). The basic prin-
ciple of the repair includes a complete mobilization of the 
Bankart lesion from the glenoid, insertion of suture anchor 
as inferior as possible, and appropriate balancing the cap-
suloligamentous tension. Optimal visualization and approach 
angle are of importance for the successful arthroscopic repair. 
In the author’s and others’ experiences, significant number 
of shoulders with traumatic anterior instability has not only 
Bankart lesion but also HAGL, posterior HAGL, or capsular 
tears [25, 35, 42] (Fig. 1). Also, many of Bankart lesions are 
extended to the inferior and posterior labrum to make the 
 so-called extended Bankart lesion (Fig. 2). With standard 
posterior portal, it is often difficult to properly repair the pos-
terior labral tear in the extended Bankart lesion. By placing 
the posterior portal more anteriorly, visualization and access 
angle can be optimized in these situations. The author devel-
oped the triple instability portal, which initially developed 
for the repair of the posterior or posteroinferior multidirec-
tional instability. The triple instability portal is also useful 
for the traumatic anterior instability with an extended Bankart 
lesion (Fig. 3).

Bone defect in the glenoid or humeral head predisposes 
repair failure. The incidence of bone loss ranges from 5.4% to 
78.8% of patients with anterior instability [4, 9, 16, 32, 44]. 
Rowe et al. [44] reported that open repair had a good result if 
the bone defect is less than 30% of the glenoid surface. Itoi 
et al. [18] found in the cadaver study that the glenoid defect 

Fig. 1 The posterior HAGL lesion and Hill-Sachs lesion. The posterior 
capsular attachment is detached from the humeral insertion

Fig. 2 Extended Bankart lesion. Anterior labral tear extends to inferior 
and posterior area

Anterior
midglenoid
portal

Transcuff superior portal

Standard
posterior
portal

Kim
posterior
portal

Fig. 3 The triple instability portal. All three portals are located high-
riding from the glenoid surface which allows relatively vertical access 
to the entire area of the glenoid rim
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greater than 21% of the glenoid results in a significant insta-
bility of the soft tissue repair. Burkhart et al. Burkhart and 
DeBeer reported a 67% recurrence rate instability repair in 
patients with more than 25% of glenoid defect. Inverted pear 
shape of the glenoid suggests the significant bone loss in 
the arthroscopic evaluation. Replacement of supplement of 
the glenoid defect has been more and more popularized. The 
most common bone graft comes from the coracoid process. 
Recently, a modified Latarjet procedure has been reported to 
provide excellent outcome for those with a significant gle-
noid defect [10]. Arthroscopic bone graft for the glenoid 
defect has been attempted very recently [5, 29, 36]. Future 
studies are needed to evaluate the efficacy of the arthroscopic 
bone graft in treating the glenoid defect.

A large humeral head defect as a Hill-Sachs lesion may 
also be related to the recurrence of instability of failure of 
soft tissue repair. The Hill-Sachs defect often engages the 
glenoid rim especially when there is glenoid defect as well. 
Wolf et al. [48] reported arthroscopic technique of infraspi-
natus filling to the Hill-Sachs defect which was originally 
described as an open procedure by Connolly [12]. The author 
commonly uses posterior capsulodesis to the Hill-Sachs 
defect using one or two suture anchors.

Atraumatic Instability

Atraumatic instability presents usually as posterior or multidi-
rectional instability. There has been no universal agreement in 
the classification, terminology, and treatment options. The 
clinical presentation of the atraumatic instability is not as clear 
as traumatic anterior instability and many of patients with 
posterior instability are easily overlooked or treated under 
other diagnosis. Recent advances in the concept of the poste-
rior instability have provided us reasonable insight to the 
pathology, pathogenesis, diagnostic examinations, and treat-
ment options. The posterior instability very often presents as 
bidirectional posteroinferior instability, which has various 
degrees of inferior component of instability. Also the poste-
rior instability is overlapping with the multidirectional insta-
bility in its diagnosis, clinical presentation, and management.

Pathogenesis

Several anatomic structures have been implicated including 
bony and soft tissue abnormalities. Bony abnormalities include 
increased humeral retroversion, glenoid retroversion, and gle-
noid hypoplasia. Although, several studies on the glenoid ver-
sion have been focused on the bony glenoid measured, the 
stability of glenohumeral joint is an integral function of both 

bone and soft tissue stabilizer. Lazarus et al. [30] showed a 65% 
decrease in mechanical stability ratio and an 80% reduction in 
the height of the glenoid associated with the creation of an 
anteroinferior chondrolabral defect. Accordingly, the measure-
ment of the glenoid version can be more ideal when the articu-
lar cartilage and labrum are considered as a whole. Soft tissue 
abnormality of the atraumatic instability has been an excessive 
capsular laxity. However, increased capsular ligamentous lax-
ity alone cannot entirely explain the whole pathogenesis of the 
atraumatic instability, which often occurs in the mid-range of 
motion where normally the capsular ligaments become loose.

The Kim et al. [26] emphasized that loss of chondrolabral 
containment is a consistent finding in shoulders with atrau-
matic posteroinferior instability and is principally due to the 
loss of posterior labral height. Kim et al. [23, 26] suggest that 
the loss of chondrolabral containment is a result of cumula-
tive microtrauma to the posteroinferior glenoid labrum, 
which initially has normal height and undergoes gradual 
change to retroversion by the rim-loading mechanism. With 
the loss of chondrolabral containment, the static restraint 
loses its function and the dynamic stabilizer of the shoulder 
becomes less effective in maintaining concavity compres-
sion of the glenohumeral joint. Bradley et al. [8] similarly 
measured the posterior inferior chondrolabral version and 
bony glenoid version for each MR at the inferior one third of 
the glenoid rim. In this study, there was increased bony and 
chondrolabral retroversion in the symptomatic group, which 
suggests that loss of anatomical containment predisposes to 
atraumatic instability (Fig. 4).

The concept of chondrolabral lesion in the atraumatic 
instability provides further insight to the cause of symptom 
development. Although there are two groups of people in 
which one group is asymptomatic and the other is symptom-
atic, it is interesting to know that the amount of increased 
translation either in posterior, inferior, or anterior direction is 
the same. Also asymptomatic people often become symp-
tomatic over the time. Although, shoulder is loose in all three 
directions, concurrent production of symptoms is in one or 
multiple directions. There are evidences that the amount of 
translation is not fundamentally different between healthy 
subject who have asymptomatic laxity and those who need 
surgical intervention [31, 34]. Given these facts, there may 
be other pathologies which are responsible for the shoulder 
symptom, rather than just an increased joint volume. The 
author found that the majority of patients with asymptomatic 
jerk test in the posterior instability, which was represented by 
painless posterior clunk, were successful with the nonopera-
tive treatment. However, patients with symptomatic jerk test, 
which was represented by sharp pain with posterior clunk, 
were not responding with the rehabilitation and invariably 
had posteroinferior labral lesion in the arthroscopic finding 
[27]. The author concluded that the jerk test was a hallmark 
for predicting the failure of nonoperative treatment in the 



Current Trends on Shoulder Instability 169

posteroinferior instability. Shoulders with a painful jerk test 
have a posteroinferior labral lesion [27].

Kim et al. [22–24] previously reported that all patients 
who underwent arthroscopic surgery for posterior instability 
had variable degree of labral lesions in the posterior and infe-
rior portion of the glenoid. These labral lesions were classi-
fied into four types. Type I labral lesion is an incomplete 
detachment, in which the posteroinferior labrum is separated 
from the glenoid margin but not medially displaced. This 
type is more common in traumatic posterior instability than 
multidirectional instability. Type II lesion is a marginal crack, 
so-called Kim’s lesion, which is an incomplete and concealed 
avulsion of posteroinferior labrum. Type III lesion is a chon-
drolabral erosion, and type IV lesion is a flap tear of the 
labrum (Fig. 5) [22–24].

The Kim’s lesion refers to a superficial tearing between 
the posteroinferior labrum and the glenoid articular cartilage 
without a complete detachment of the labrum (marginal 
crack). The posteroinferior labrum lost its normal height and 
became a flat labrum, with subsequent retroversion of the 
chondrolabral glenoid. Probing the lesion demonstrates fluc-
tuation of the posteroinferior labrum and reveals a loose 
attachment. These labral lesions are limited to the posteroin-
ferior quadrant of the glenoid for shoulders with a pure pos-
terior instability, typically present in 6–9 o’clock position for 
the right shoulder and 3–6 o’clock position for the left shoul-
der. However, the lesion is extended to entire inferior glenoid 
labrum from 4 or 5 to 9 o’clock in shoulders with posteroin-
ferior multidirectional instability. When the superficial por-
tion is incised with an arthroscopic knife, for 1 or 2 mm in 
depth, the lesion reveals detachment in the deep portion of 
the labrum from the medial surface of the glenoid [22–24]. 
The Kim lesion is quite similar to the intratendinous tear of 
the rotator cuff tendon which is often overlooked and unrec-
ognized at the initial arthroscopic evaluation. Therefore, sur-
geon’s insight to this hidden lesion is of paramount importance 
for the diagnosis of the pathology. The four types of labral 

lesions are a spectrum of severity of the instability. Perhaps, 
Kim’s lesion may over time be converted into type I incom-
plete detachment when the marginal crack is extended to the 
deep portion tear.

It is believed that increased translation by the increased 
capsular laxity is initial lesion and underlying pathology of 
the posterior and posteroinferior multidirectional instability. 
This increased capsular laxity can be in-borne or develop-
mental and asymptomatic or minimally symptomatic ini-
tially. In this stage, attempted translation does not produce 
symptoms. Also, jerk and Kim tests reveal posterior clunk 
without shoulder pain [27, 28]. However, repetitive sublux-
ation over time overloads the posteroinferior glenoid labrum 
by the excessive rim-loading of the humeral head. This 
excessive rim-loading eventually develops posteroinferior 
labral lesion varying from simple retroversion to incomplete 
detachment. In this stage, patient’s symptom, which is shoul-
der pain, originates from the labral lesion when the humeral 
head glides over the pathologic labrum. The compressive 
force on the torn labrum in the jerk and Kim tests generates 
shoulder pain [27, 28]. The labral lesion is now the essential 
lesion which is responsible for the true shoulder symptom of 
the posterior and posteroinferior instability. Therefore, intact 
labrum does not produce shoulder pain no matter how lax the 
glenohumeral joint is. Increased translation alone produces 
asymptomatic posterior clunk until the repetitive rim-loading 
eventually develops posteroinferior labral lesion.

Physical Examination

The shoulder examinations should include both laxity and 
instability evaluations. Laxity evaluation simply tests how 
much the shoulder joint is loose in anteroposterior and infe-
rior directions. Translations in anterior and posterior direc-
tion are tested by the load and shift test. Anteroposterior 

Fig. 4 The capsular laxity is the 
initial lesion of the posteroinfe-
rior instability. Shoulders with 
the capsular laxity are asymp-
tomatic or minimally symptom-
atic and attempted tests present 
painless clunk. However, 
rim-loading mechanism during 
the repetitive subluxation 
eventually develops posteroinfe-
rior labral lesion which is the 
essential lesion that is respon-
sible for the shoulder symptom 
and painful clunk in the jerk or 
Kim test
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Initial lesion

Pain-free subluxation

Painless jerk/Kim
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Rehabilitation

Time
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humeral translation was rated as grade 0 (no translation), 
grade 1+ (translation less than the margin of glenoid), grade 
2+ (translation beyond the margin of glenoid with spontane-
ous reduction), or grade 3+ (translation beyond the glenoid 
without spontaneous reduction). Inferior translation is evalu-
ated by the sulcus sign [38]. A downward traction force is 
applied to the adducted shoulder and the inferior translation 
of the humerus is measured by estimating the distance 
between the inferior margin of lateral acromion and the 

humeral head. 0+ is equivalent to no movement: 1+, less than 
1 cm; 2+, 1–2 cm; and 3+, more than 2 cm.

Instability Tests

Instability tests should involve test for symptoms related 
to the specific pathology, which is relevant to the posterior 

a

c d

b
Fig. 5 Diagram of arthroscopic 
classification of the posterior and 
inferior labral lesion. (a) Type I: 
Incomplete detachment. The 
posteroinferior labrum is 
detached from the glenoid but not 
displaced. (b) Type II: Marginal 
crack or Kim’s lesion. The 
labrum has marginal crack and 
retroversion. Deep portion is 
loose. (c) Type III: Chondrolabral 
erosion. The labral surface has 
fraying and deep portion is loose. 
(d) Type IV: Flap tear. The 
labrum has flap tear or multiple 
buck handle tear
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instability. Posterior apprehension test may reproduce the 
patient’s symptom but is seldom positive in the posterior 
instability. Two sensitive and specific physical tests are 
the jerk and Kim tests. Like the McMurray test for evalu-
ation of the meniscal injury in the knee joint, the basic 
principle of the jerk and Kim tests is a pain provocation by 
compressing the labral lesion.

The jerk test has been used for a long time but the signifi-
cance of the test has been recently validated [27]. The jerk 
test is performed in a sitting position. While stabilizing the 
patient’s scapula with one hand and holding the affected arm 
at 90° abduction and neutral rotation, the examiner grasps 
the elbow and axially loads the humerus in a proximal direc-
tion. The arm is moved horizontally across the body. A posi-
tive result is indicated by a sudden clunk as the humeral head 
slides off the back of the glenoid. When the arm is returned 
to the original position, a second jerk may be produced by 
the humeral head returning to the glenoid (Fig. 6). In this 
test, a firm axial compression is very important. The painless 
jerk group includes patients with posterior clunk, but without 
any significant pain provocation, while the painful jerk group 
includes patients who show abrupt pain in accordance with 
posterior clunk. The author found that painful clunk in the 
jerk test is invariably associated with structural defect, a pos-
teroinferior labral lesion.

Kim et al. [27] reported that the painful jerk group had a 
higher failure rate with nonoperative treatment. In the pain-
less jerk group, 50 shoulders (93%) responded to the reha-
bilitation program after a mean of 4 months. Four shoulders 
(7%) were unresponsive to the rehabilitation. In the painful 
jerk group, five shoulders (16%) were successful with the 
rehabilitation, whereas the other 30 shoulders (84%) failed. 
All 34 shoulders that were unresponsive to the rehabilitation 
had a variable degree of posteroinferior labral lesions. The 
jerk test is a hallmark for predicting the prognosis of nonop-
erative treatment for posteroinferior instability. Shoulders 

with symptomatic posteroinferior instability and a painful 
jerk test have posteroinferior labral lesions [27]. Arthroscopic 
finding supported that the abrupt pain during the jerk test 
may be elicited from a rim-loading of the humeral head over 
the pathologic posteroinferior labral lesion.

Kim et al. [28] also developed a new test for the postero-
inferior labral lesion in the posteroinferior instability. The 
Kim test is performed in a sitting position with the arm in 90° 
abduction. With examiner holding elbow and lateral aspect 
of the proximal arm, a simultaneous axial loading force and 
45° diagonal elevation is applied on the distal arm, while 
downward and backward force is applied on the proximal 
arm. A sudden onset of posterior shoulder pain indicates 
positive test regardless of accompanying posterior clunk of 
the humeral head. During the test, it is important to apply a 
firm axial force compression force on the glenoid surface by 
the humeral head. Therefore, sitting against the back of a 
chair rather than a stool provides a good counter support of 
the axial loading in the examining arm (Fig. 7).

The Kim test is more sensitive in the predominant inferior 
labral lesion while jerk test is more sensitive for the pre-
dominant posterior labral lesion. Correlation of the symptom 
with the physical examination is also mandatory in making 
diagnosis. Patients with mild shoulder symptom usually 
have asymptomatic jerk and Kim tests. The Kim and jerk 
tests have three components: pain, clunk, and click. Pain 
without clunk suggests a posterior labral lesion, whereas 
pain with clunk indicates posterior instability with a labral 
lesion. Although the Kim and jerk tests are most commonly 
used to diagnose posteroinferior instability, the test results 
are also positive for any pathologic posteroinferior labral 
lesions in other conditions. For instance, a positive Kim test 
result in a shoulder with proven traumatic anterior instability 
with a Bankart lesion suggests that the Bankart lesion extends 
all the way to the posteroinferior aspect of the glenoid. Also, 
it is worthwhile to note that the Kim test result can be 

a b

Fig. 6 The jerk test.  
(a) Stabilizing the scapula with 
one hand, the other hand holds 
elbow with the arm in 90° 
abduction and internal rotation. 
Firm axial compression force is 
applied on the glenohumeral 
joint. (b) The arm is horizontally 
adducted while maintaining the 
firm axial load
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infrequently positive for a labral lesion associated with a 
rotator cuff tear and that such a labral lesion may be consid-
ered insignificant [28].

Radiographic Evaluation

Plane radiographs includes anteroposterior, axillary lateral, 
and Stryker-Notch view to evaluate any bony abnormality 
suggesting anterior instability. Hill-Sachs lesion in the Stryker-
Notch view indicates traumatic anterior instability. Usually, 
plane radiographs do not provide any useful sign in the poste-
rior instability. Inferior stress anteroposterior radiographs are 
obtained in the standing position with a 10-lb weight applied 
downward on both arms [37]. Asymmetric inferior translation 
between both shoulders may suggest superimposed traumatic 
instability in multidirectional instability. However, the signifi-
cance of the inferior stress radiograph is unclear and is not 
indicated for patients with posterior instability.

An MR-arthrogram using intra-articular contrast improves 
visualization of the labral lesion as well as capsular redun-
dancy on the T1- and T2-weighted axial and coronal images. 
A high index of suspicion is needed when evaluating the 
labral lesion noted on an MR-arthrogram. Often the lesion is 
very subtle or negative. Capsular volume is increased in the 
posterior and axillary recess in the oblique coronal images. 
Posteroinferior labral lesion can be classified using the clas-
sification system of Kim et al. [22, 24] (Table 1). The MR 

type I lesion is a separation without displacement, type II, 
incomplete avulsion (cystic lesion), and type III, loss of con-
tour. The surgeon should be aware of the fact that the MR 
finding of the posteroinferior labral lesion is not always dis-
tinctive in the posterior instability compare to the anterior 
labral lesion in the traumatic anterior instability.

Treatment Options

In patients with painless jerk or Kim test, the initial treatment 
is supervised rehabilitation including restoration of the scapu-
lothoracic and glenohumeral kinematics. Although strength-
ening exercises do not decrease hyperlaxity of the shoulder, 
they improve overall control and function of the shoulder 
joint. Nonoperative treatment consisted of extensive rehabili-
tation including strengthening exercise of rotator cuff, deltoid, 
and scapular stabilizer muscles. In the author’s experience, 
a young female who has hyperlaxity and spontaneous onset of 
mild symptom tends to respond well with the nonoperative 
treatments. Despite persistent hyperlaxity, these patients 
show improved symptom and return to their activity.

Operative treatment is indicated in patients with painful 
jerk or Kim test, and patients who have failed with nonopera-
tive treatments [24, 27, 28]. Historically, open surgical treat-
ment for the posterior instability included bony and soft 
tissue procedures. Bony procedures which address geomet-
ric abnormality include rotational osteotomy of the humerus, 
glenoid osteotomy, or bone block procedures. Soft tissue 
procedures are reverse Putti-Platt, reverse Bankart repair, 
and the Boyd-Sisk procedure. Overall the outcome of the 
surgical procedures has not been consistent compared to the 
results of the anterior instability.

In 1980, Neer and Foster [37] introduced a new type of 
capsular procedure, a laterally based posterior capsular shift to 
tighten a patulous posterior inferior capsule, which they termed 
inferior capsular shift. Recently, Rhee et al. [41] reported the 
outcome of 30 shoulders with the open posterior capsulolabral 
reconstruction with a posterior deltoid-saving approach in 

Table 1 Kim classification of the posteroinferior labral lesion based on 
arthroscopic findings and MRI-arthrogram

Type Finding MRI-arthrogram finding

I Incomplete stripping Type I: Separation without 
displacement

II Marginal crack Type II: Incomplete 
avulsion

III Chondrolabral erosion Type III: Loss of contour

IV Flap tear Type III: Loss of contour

a b
Fig. 7 The Kim test was 
performed in sitting position with 
the arm in 90° abduction.  
(a) With examiner holding elbow 
and lateral aspect of the proximal 
arm, firm axial loading force is 
applied. (b) Simultaneous 45° 
diagonal elevation was applied 
on the distal arm, while 
downward and backward force is 
applied on the proximal arm
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posterior shoulder instability. Posterior capsular redundancy 
was observed in all cases, but a posteroinferior labral tear was 
found in only five shoulders. Posterior capsular thinning devel-
oped in six patients. The recurrence of instability was observed 
in four cases, including three cases of voluntary instability. 
The overall recurrence rate was 13.3%, but the success rate 
was 92.6% when cases of voluntary instability were excluded. 
Wolf et al. [47] recently reported the results of open posterior 
capsular shift procedure in 44 shoulders. The recurrence 
occurred in eight shoulders (19%). Of the patients, 84% were 
satisfied with the current status of their shoulder. No progres-
sive radiographic signs of glenohumeral arthritis were seen up 
to 22 years after surgery. A limited number of studies have 
been reported for arthroscopic treatment of posteroinferior 
instability in the peer-reviewed literature. Duncan and Savoie 
[15] reported their preliminary results of ten patients who were 
treated with arthroscopic modification of the inferior capsular 
shift procedure. In 1–3 years of follow-up, all patients had sat-
isfactory results according to the Neer system.

Kim et al. [24] reported arthroscopic procedure for pos-
teroinferior instability, which emphasizes the concept of 
restoring the loss of the chondrolabral containment and cap-
sular laxity. Arthroscopic capsulolabroplasty was performed 
in 31 patients with posteroinferior multidirectional instability. 
All patients had a labral lesion and variable capsular stretch-
ing in the posteroinferior aspect. Thirty patients had stable 
shoulders, and one had recurrent instability. They concluded 
that symptomatic patients with posteroinferior instability had 
posteroinferior labral lesions, including retroversion of the 
posteroinferior labrum, which were previously unrecognized. 
Restoration of the labral buttress and capsular tension by 
arthroscopic capsulolabroplasty successfully stabilized shoul-
ders with posteroinferior multidirectional instability.

Provencher et al. [39] reported results of 33 patients with an 
arthroscopic treatment of posterior shoulder instability. The 
procedures include posterior arthroscopic shoulder stabiliza-
tion with suture anchors or suture capsulolabral plication or 
both. There were seven failures: four for recurrent instability 
and three for symptoms of pain. Patients with voluntary insta-
bility demonstrated worse outcomes, and those with prior sur-
gery of the shoulder also did worse. More recently, Radkowski 
et al. [40] reported 107 shoulders in 98 athletes with unidirec-
tional posterior shoulder instability who underwent arthroscopic 
capsulolabral repair or plication. Results for 27 dominant 
shoulders in throwing athletes (25%) were compared with 
those of 80 shoulders in nonthrowing athletes (75%). Throwing 
athletes were less likely to return to their preinjury levels of 
sport (55%) compared with nonthrowing athletes (71%). There 
were a higher percentage of patients with atraumatic onset of 
injury in the thrower group. This is likely a result of microtrauma 
from repetitive high stresses placed on the shoulder associated 
with throwing. Savoie et al. [45] treated 92 shoulders with a 
diagnosis of primary posterior instability who failed 6 months 

of rehabilitation by operative stabilization. At an average 
 follow-up of 28 months, 97% of the shoulders were stable. 
Posterior pathology varied, and a reverse Bankart lesion alone 
was found 51% of the time, a stretched posterior capsule 67% 
of the time, and a combination of a reverse Bankart lesion and 
capsular stretching 16% of the time. The rotator interval was 
obviously damaged in 61% of cases.

Operative treatment should not only address the loose joint 
capsule but also restore the containment function of the gle-
noid labrum. The arthroscopic capsulolabroplasty procedure 
includes complete mobilization of the incomplete labral lesion 
from the glenoid, removal of a rim of articular cartilage, and 
insertion of suture anchors on the surface of glenoid, postero-
inferior labroplasty, superior shift of the posteroinferior and 
anteroinferior capsule, and closure of the Kim posterior por-
tal. During our extended experiences with arthroscopic treat-
ment, we recognized that rotator interval closure is seldom 
indicated in most posterior instability. The basic rationale of 
the posteroinferior labroplasty is both restoration of the pos-
teroinferior labral height and capsular tension.

We use triple instability portal which includes Kim poste-
rior portal, transcuff superior portal, and midglenoid anterior 
portal. The Kim posterior portal is placed at least 1 cm ante-
rior from the standard posterior portal. It lies usually on 
about 2–3 cm distal and just anterior to the posterolateral 
corner of acromion. The transcuff superior portal is located 
just posterior to the anterolateral corner of the acromion. The 
transcuff superior portal trespasses musculotendinous junc-
tion of the rotator cuff when a blunt trocher is inserted, and 
lies far posterior from the biceps tendon when it is visualized 
inside. The midglenoid portal is placed just lateral to the 
coracoids process and lies just superior to the leading edge of 
the subscapularis tendon. All three portals are high-riding 
and vertical from the glenoid surface which allows proper 
access angle to the inferior aspect of glenoid.

Summary

Traumatic anterior instability has higher success rate using 
current arthroscopic procedures except selected group of 
patients who has complicated pathology such as large glenoid 
or humeral bone loss. Glenoid defect requires bone graft pro-
cedure such as a modified Latarjet procedure while Hill-Sachs 
defect needs arthroscopic remplissage or posterior capsulo-
desis. Atraumatic instability has not only capsular laxity but 
also variable degree of labral lesion. Initial pathology is capsu-
lar laxity, which gradually develops labral lesion by repetitive 
rim-loading mechanism. Pain comes from the labral lesion. 
Painful jerk and Kim tests suggest labral lesion, which requires 
arthroscopic stabilization. Arthroscopic capsulolabroplasty 
addresses not only capsular laxity but also labral pathology.
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Management of the Acromioclavicular  
Joint Problems

Onur Tetik 

The acromioclavicular joint (ACJ) is composed of the dis-
tal end of the clavicle and the acromion. Its function is to 
anchor the clavicle to the scapula and to the shoulder girdle. 
The subcutaneous location of this joint makes it vulnerable 
to injury. It is approximately 9% of all the shoulder injuries. 
The majority of the injuries occur in men with a male to 
female ratio of approximately 5:1, and patients in their 20s 
are the most affected age group [53]. Because of the high 
incidence of these injuries, orthopedists, sports medicine 
doctors, emergency physicians, and physical therapists 
should be aware of the management of these injuries [56].

Anatomy

The ACJ is subcutaneous and has little protection by soft tis-
sues. It is composed of the distal end of the clavicle and the 
acromion and serves to anchor the clavicle to the scapula and 
the shoulder girdle. This is an inherently unstable articulation. 
ACJ capsule and the strong coracoclavicular (CC) ligaments, 
conoid ligament medially and trapezoid ligament laterally, 
support the joint and provide static stability. The dynamic sta-
bilizers are the trapezius and deltoid muscles. The distal ends 
of the clavicle and the acromion are lined with hyaline carti-
lage, and there is a meniscal structure intraarticularly. The 
role of this meniscus is negligible, and generally it is thought 
to be degenerated during the fourth decade [56].

The clavicular origin of the conoid ligament originates an 
average of 46 mm medial to the ACJ, and the trapezoid liga-
ment originates 26 mm medial to the ACJ. The conoid is 
more posterior compared with the trapezoid origin at the 
mid-portion of the inferior surface of the clavicle [52]. The 
superior, inferior, and posterior acromioclavicular (AC) liga-
ments insert an average of 16–20 mm medial to the ACJ on 
the clavicle. The importance of this anatomic observation is 
that aggressive distal clavicle excision (DCE) can destabilize 
the ACJ and lead to symptomatic posterior impingement 
against the acromion if that ranges were exceeded.
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Biomechanics

In the intact state, joint stability is provided by static and 
dynamic constraints. The static constraints are the AC liga-
ments, CC ligaments, and coracoacromial (CA) ligament. 
The AC ligaments surround the ACJ and are composed of 
the superior (strongest), inferior, anterior, and posterior 
ligaments. In combination, these ligaments form the great-
est restraint to displacement horizontally. They provide an 
estimated 90% of the constraint to horizontal motion of the 
ACJ [5]. The CC ligaments prevent inferior migration of 
the scapulohumeral complex relative to the clavicle [67]. 
When the AC ligaments are completely disrupted, the CC 
ligaments, especially conoid ligament, also become a sig-
nificant restraint to anteroposterior (AP) displacement. 
Debski and colleagues demonstrated that in the absence of 
the AC ligaments, the mean in situ force in the trapezoid 
ligament increases 66% in response to a posterior 70 
Newton (N) load in a cadaveric model [11]. The mean 
force in the conoid ligament increases by over 225% in 
response to an anterior load. The fibers from the trapezius 
and the deltoid muscles blend with the superior AC liga-
ment and contribute to its strength with contraction of the 
muscular fibers.

ACJ motion is produced with arm abduction and forward 
elevation. The clavicle rotates up to 40°–50°, but only 5°–8° 
of motion occur at the ACJ. A synchronous scapuloclavicu-
lar rotation in which the CC ligaments allow the scapula to 
rotate downward as the clavicle rotates upward with abduc-
tion and forward elevation of the arm was described earlier. 
This effectively reduces the motion at the ACJ. Also 5° of 
motion exist between the coracoid and clavicle, which 
becomes significant when a hardware fixation bridges these 
bony structures [53].

Grouping the ACJ Injury

The ACJ pathology is generally caused by one of three pro-
cesses: (A) trauma (fracture, ACJ separation, or dislocation); 
(B) ACJ arthrosis (posttraumatic or idiopathic); and (C) dis-
tal clavicle osteolysis (DCO).

Trauma

Fracture of the distal end of the clavicle may be caused by 
the direct trauma or falling on an arm. If it is unstable, it needs 
a surgical treatment (Fig. 1).

Acromioclavicular Separations and Dislocation

The ACJ separation is one of the most common shoulder inju-
ries. The most common mechanism of this injury is a fall with 
a direct force to the superior part of the shoulder and with the 
arm in an adducted position. These injuries have been classi-
fied according to the degree of ligamentous and other soft-
tissue injury [32]. Cadenat originally described the process of 
acute ACJ disruption as a sequential injury, beginning with 
the AC ligaments, continuing to the CC ligaments, and ulti-
mately violating the deltotrapezial fascia [36]. Tossy and col-
leagues defined distinct stages of injury, labeled as types I 
(AC ligament sprain), II (AC ligaments torn and CC ligaments 
intact), and III (AC and CC ligaments torn) [65]. Later on this 
was modified by Rockwood to the system most commonly 
used today [54]. This modification includes types IV (poste-
rior dislocation of clavicle), V (AC and CC ligaments and 
deltotrapezial fascia torn), and VI (subcoracoid dislocation of 
clavicle) injuries in addition to a Tossy’s classification.

Acromioclavicular Derangement or Arthrosis

Acute pain in the ACJ may be caused by an “internal derange-
ment” like a tear of the intra-articular meniscus. Although 
being uncommon, recognition of this entity is important to 
distinguish it from idiopathic arthritis. Patients with internal 
derangement usually have abrupt onset of ACJ pain, accompa-
nied by mechanical symptoms, such as clicking or popping.

The ACJ arthrosis may be idiopathic or may be a result 
from an injury and/or instability. Although radiographic evi-
dence of primary osteoarthrosis of the ACJ is common par-
ticularly in older individuals, symptoms initiated from this 
joint are comparatively less frequent [12, 21, 39]. Posttrau-
matic osteoarthrosis is more common than primary osteoar-
throsis and may occur after ACJ separation, distal clavicle 
fracture, or postoperatively [58] Studies on the natural his-
tory of the more innocuous type I and II ACJ injuries suggest 
that symptoms of posttraumatic arthritis occur in 8–42% of 
the patients [4, 37, 63]. Mouhsine et al. concluded that the 
severity of the consequences after grade I and II AC separa-
tions is underestimated [37].

Distal Clavicle Osteolysis

DCO is associated with heavy weight lifting [6, 57]. 
Scavenius and Iverson found that 28% of elite weight lifters 
in their series had pain of insidious onset, swelling, and ACJ 
tenderness consistent with distal osteolysis [57]. The pain is 
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aggravated by activity, in particular during flat bench press-
ing and also with dips, flies, and pushups. Slawski and Cahill 
reported bilateral involvement in 79% of weight lifters at the 
time of presentation [59].

History

The approach to the patient with AC pathology depends on 
the history. Acute or chronic history helps physician to decide 
what to do.

In the acute or posttraumatic situations, the mechanism 
may be either indirect or direct. An indirect injury occurs as 
a result of a fall onto an outstretched upper extremity, 
whereby the force of the fall drives the proximal humerus 
into its overlying acromion. This forces the scapula superi-
orly and medially and often injures the AC ligaments. In 
this case, CC ligament injury is uncommon. Instead, these 

patients are at risk for either fracture of the acromion or 
rotator cuff tear consequent to forceful superior humeral 
head displacement. Posttraumatic pain is typically localized 
over the anterosuperior aspect of the shoulder and is attrib-
uted to cross-innervation of this region by the suprascapular 
and lateral pectoral nerves.

A direct injury occurs as a result of a fall onto the lat-
eral aspect or point of the shoulder with the arm adducted. 
With the inherent stability of the sternoclavicular joint, 
energy is transferred by both the AC and CC ligaments. 
With inferior displacement of the upper extremity and 
scapula, ultimately the clavicle rests on the first rib and 
cannot displace inferiorly with the scapula. The force is 
felt across the CC ligaments, and often they will conse-
quently be injured [19].

Patients with a more chronic or insidious onset of pain 
may have ACJ arthrosis or DCO. AC joint pain can be fairly 
specific and localize to the ACJ or refer into the trapezius or 
down to the arm.

a b

c d

Fig. 1 Fracture of the distal end of the clavicula with joint comminu-
tion. (a) Undisplaced while lying down on the bed. (b) Displacement 
with standing-up and walking in an arm sling. (c) Fracture fixed with a 
clavicle plate (Acumed Inc., Beaverton, OR, USA), CC ligament repair 

with anchor (Arthrex, Inc., Naples, FL) in the coracoid and tying sutures 
through the clavicular holes and primary ligament repair of the AC 
joint. (d) 6th week follow-up X-ray
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Physical Exam

There are many physical examination findings and tests to 
diagnose ACJ problems, but similar to other causes of shoul-
der pain, none of these tests has established sensitivity and 
specificity. There may be a various amount of deformity and 
tenderness after a direct trauma. There will be no deformity, 
mild swelling, and tenderness over the joint with palpation. 
In addition to tenderness and swelling, type II injuries also 
usually demonstrate mild prominence of the distal clavicle. 
With ACJ ligament disruption and injury to the conoid and 
trapezoid, the clavicle loses ligamentous connection with the 
scapulohumeral complex, and the weight of the upper 
extremity causes its downward displacement in type III and 
V injuries. To differentiate the type III and V injuries, patient 
should be asked to shrug both shoulders, which in a type V 
injury exaggerates the degree of displacement. In another 
technique one may try to reduce the joint and if the reduction 
of the deformity achieved suggests an intact deltotrapezial 
fascia (type III), whereas failure of the reduction indicates 
violation of the deltopectoral fascia in type V.

Acute joint derangement presents with acute onset of 
painful clicking in the ACJ. There is often a history of mild 
trauma, and the patient will note discomfort over the superior 
aspect of the ACJ and mechanical catching or popping with 
shoulder movement. There is usually tenderness over the 
joint, along with palpable crepitus during circumduction of 
the arm or cross-body adduction.

Tenderness over the ACJ is a very sensitive finding and is 
easy to elicit owing to its subcutaneous location [68]. A num-
ber of provocative tests are helpful in the subacute or chronic 
setting. Cross-arm adduction test is thought to load and repro-
duce pain from the ACJ. O’Brien’s active compression test 
helps the examiner differentiate pain attributable to a superior 
labral anterior to posterior (SLAP) lesion from pain owing to 
ACJ pathology [44]. A recent analysis of these maneuvers 
found cross-arm adduction to be sensitive (77%) and the 
active compression test of O’Brien to be 95% specific [8]. 
O’Brien and colleagues report a sensitivity of 100% and a 
specificity of 96% for ACJ pathology in patients who local-
ized pain to the ACJ when the arm was in the internally rotated 
position [44]. The cross-arm adduction and O’Brien’s tests 
rely on compression of the ACJ to diagnose ACJ pathology; 
the specificity is limited by the fact that forward elevation and 
adduction of the arm will cause pain in patients with other 
shoulder disorders, such as rotator cuff tears or tendinitis, 
labral pathology, or biceps pathology. Pain elicited by these 
tests should also be localized to the ACJ rather than being 
nonspecifically localized to the lateral or posterior shoulder. 
The Paxinos test has the advantage of compressing this joint 
while the arm rests at the patient’s side, potentially improving 
the specificity of this test. Pain with active internal rotation 
with placement of the hand behind the back can also elicit 

discomfort directly over the ACJ. The Paxinos test examines 
the ACJ with the patient seated and with the arm resting along 
the chest [68]. The examiner places his/her thumb over the 
posterolateral corner of the acromion and the index and long 
fingers of the ipsilateral or opposite hand superior to the mid-
portion of the ipsilateral clavicle. The test is considered posi-
tive if compression of the clavicle and acromion causes pain 
localized to the ACJ. This test should be performed on both 
shoulders to assess for subtle differences in horizontal transla-
tion to discriminate between laxity and instability. Increased 
translation in the horizontal plane that is associated with pain 
may suggest a complete tear (type II injury) rather than a 
sprain (type I injury) of the AC ligaments.

Coronal plane instability is easier to detect. If the clavicle 
appears displaced superiorly, asking the patient to shrug his/
her shoulder is a useful method to determine if the deltotrape-
zial fascia is intact (clavicle reduces, type III injury) or if it has 
been violated (clavicle remains dislocated, type V injury).

Local anesthetic injection intraarticularly is an important 
tool when evaluating the ACJ. Preinjection radiograph should 
be evaluated for easier injections because this joint’s obliq-
uity varies considerably. Gentle pressure superiorly and pos-
teriorly can elicit AC motion at the joint, an easy “pop” as 
the needle enters the joint could be felt, and there should be 
a little resistance when injecting. The joint typically will 
accommodate approximately 1 mL of medication, and over-
distension can be painful. Such an injection with or without 
corticosteroid can be both diagnostic and therapeutic in 
patients with ACJ pathology. Relief of pain postinjection 
implicates the ACJ as the pain generator. Physical exam 
should always include the cervical evaluation.

Imaging

X-ray evaluation with an AP, supraspinatus outlet, axillary, 
cross-arm adduction AP, and simultaneous bilateral Zanca 
radiograph is the first step. Stress radiographs are not used 
generally, because the diagnosis is usually obtained by the 
history, physical examination, and radiographs. AP (for type 
VI injury) and axillary (for type IV injury) views define the 
amount and direction of displacement of the clavicle relative 
to the scapulohumeral complex. The supraspinatus outlet 
permits acromial morphology classification. Zanca originally 
described a specialized view for the ACJ, whereby the X-ray 
beam is angled 10° cephalad to eliminate the overlap of the 
clavicle with the spine of the scapula in which the width of 
the ACJ is between 1 and 3 mm [73]. Petersson and Redlund-
Johnell reported an age-dependent decrease in ACJ width, 
such that a joint space of only 0.5 mm is normal in patients 
older than 60 years [47]. The normal CC distance is between 
1.1 and 1.3 cm, on average, and Bearden and colleagues 
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reported that complete CC ligament disruption is indicated 
by an increase in the CC distance of 25–50% compared with 
the contralateral shoulder [3, 9].

A simultaneous bilateral Zanca radiograph allows direct 
comparison and eliminates inaccuracy and is an effective 
and reliable way to assess the degree of deformity compared 
with the patient’s contralateral shoulder. In a cadaveric eval-
uation of simulated type II ACJ injuries, isolated sectioning 
of the conoid or trapezoid ligament permitted 4–6 mm more 
superior displacement on Zanca views compared with the 
intact state [35]. The clinical implication is the subtle differ-
ences in side-to-side CC distance may represent complete 
injury to one of the CC ligaments, suggesting a more severe 
type II injury.

The role of ultrasound in imaging ACJ injuries remains 
unclear; a recent study using this modality identified abnor-
mal movements of the injured ACJ with cross-arm adduc-
tion which were not identified with plain resting or stress 
radiographs [46].

Nonoperative Management

The goals of treatment for AC injuries are achieving painless 
range of motion of the shoulder, obtaining full strength, and 
exhibiting no limitation in activity.

In the atraumatic conditions, injections play an important 
role in the treatment of ACJ pathologies. The response to 
injection of local anesthetic with or without corticosteroid 
into the ACJ is quick and has important diagnostic and thera-
peutic implications. Failure to reduce a patient’s level of pain 
with an AC injection implicates the diagnosis of pathology 
and suggests that surgical intervention may be ineffective.

Pain caused by AC arthrosis is not generally improved with 
the physical therapy. However, coexisting shoulder disorders, 
such as rotator cuff tendinosis, proximal biceps tendinosis, 
and glenohumeral instability, are common and may respond 
to rehabilitation. Nonoperative management of DCO is simi-
lar to the AC arthrosis; activity modification, rest, anti-inflam-
matory medications, and use of injections are the mainstay of 
the treatment. Athletes may return to the modified activity 
48–72 h postinjection. By this time, the local anesthetic effect 
decreases and the corticosteroid takes effect. Patients should 
cease that activity if the activity reproduces their preinjection 
symptoms. If the patient received considerable relief from the 
first injection, second injection may be given at 3rd month. 
Injections are not given more than two to the same ACJ.

In the traumatic conditions of the ACJ, nonoperative treat-
ment protocols have been ranging from supportive sling to 
cast or strap immobilization. No evidence strongly supports 
one method over another and compliance to the cumbersome 
methods has worse results [26, 49, 61, 63, 71].

A sling can be used for comfort initially, and rehabilita-
tion can be initiated as soon as the symptoms resolve. The 
goal is early return to function. Phase 1 treatment consists of 
ice, immobilization, oral analgesics, and active assisted range 
of motion (ROM) at low levels of shoulder abduction and 
elevation. Once pain and tenderness have nearly resolved, 
phase 2 begins with restoration of full ROM and initiation of 
strength training. Strengthening of the rotator cuff and 
periscapular muscles is encouraged. Phase 3 involves further 
strengthening of the entire shoulder girdle, including trape-
zius, latissimus, and pectoralis muscles. The goal in this 
phase is to achieve strength comparable with the contralat-
eral arm. Once this is achieved, patients progress to sport-
specific exercises.

Generally, type I and II injuries are treated nonoperatively, 
and most patients return to their preinjury level of function 
[10, 14, 20]. High-grade injuries (types IV–VI) are treated 
surgically [1, 9, 18, 26, 28, 41, 46, 64, 66, 69, 70].

Historically, the literature has not provided sufficient 
evidence to support surgical treatment of the acute type III 
AC separation [37]. Management of the patient with type 
III AC separation remains controversial, with success rates 
in this population ranging from 87% to 96% in both opera-
tive and nonoperative treatments.

Type III separation is characterized by complete disrup-
tion of both the AC and CC ligaments, without much disrup-
tion of the deltoid or trapezial fascia. Clinically, the patient 
presents with a “high-riding” clavicle, which appears ele-
vated because of the relative depression of the scapu-
lohumeral complex. Nissen and Chatterjee surveyed nearly 
600 American Orthopaedic Society for Sports Medicine 
members and found that 81% treated uncomplicated type III 
AC separations conservatively [41].

Phillips and colleagues completed a meta-analysis of 
1,172 patients with type III injuries and identified 88% and 
87% satisfactory outcomes in patients treated operatively 
and nonoperatively, respectively [48]. Spencer completed a 
systematic review of journals published in the English litera-
ture and concluded that nonoperative treatment is more 
appropriate for grade III injuries [61]. Many of the studies on 
this topic are retrospective case series and lack assessment 
by way of validated outcome measures.

Patients with an acute type III AC separation are treated 
nonoperatively for up to 12 weeks. If the patient has a persis-
tent pain and dysfunction that prevents them from returning 
to work or sport, surgical treatment is considered.

Studies of elite throwing athletes suggest that anatomic 
reduction of the ACJ is not necessary [20, 22]. Most sur-
geons treat contact athletes nonoperatively owing to the high 
risk for reinjury. Finally, when comparing operative and non-
operative intervention, it has been shown that there is no dif-
ference in strength with either treatment regimen 2 years 
postinjury.
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The management of ACJ injury during the competitions is 
important. Periparticipation injection of local anesthetic 
(without cortisone) into the ACJ is an attractive option.  
It may reduce pain without compromising the athlete’s per-
formance. Some physicians support such ACJ injection dur-
ing competitive play as an acceptable practice, such as 
Nelson, who stated “blocking an acromioclavicular joint or 
injecting a rib injury is reasonable at the professional level, 
not dangerous, and done routinely” [40]. In opposite because 
of inhibiting the perception of pain may exacerbate the injury 
[60]. Orchard has published the only case series specifically 
evaluating the consequences of local anesthetic injection in 
professional football players, although these were not only 
ACJ injections [45]. In this series of 268 injuries, 27 ACJ 
injuries were managed with injection of local anesthetic, and 
complications were rare. Two cases of DCO occurred in this 
group compared with 1 case in 25 ACJ injuries managed 
without local anesthetic. This difference was not significant.

Operative Management

Most traumatic and atraumatic ACJ problems in athletes can 
be treated conservatively, but in some conditions surgical 
treatment is necessary to prevent failure of the nonoperative 
treatment. Surgical interventions include ACJ resection for 
arthrosis and DCO, and repair and/or reconstruction of the 
ligaments and/or capsule for selected AC injuries.

In the ACJ arthrosis and DCO, distal clavicular excision 
(DCE) is the treatment of choice. DCE has been described in 
the treatment of a painful ACJ in athletes, and many authori-
ties have reported success with this technique [2, 16, 17, 43, 
50, 59]. Indications include idiopathic ACJ arthrosis, DCO, 
and low-grade (grades I and II) ACJ separations that fail con-
servative treatment. Rabalais and McCarty completed a sys-
tematic review on this topic and concluded that the literature 
generally supports DCE for atraumatic ACJ arthrosis [50]. 
Contraindications to DCE include chronic pain from severe 
(grade III or higher) ACJ separations or in grade II injuries 
associated with hypermobility [7, 17, 21, 34, 54, 58].

DCE may be performed either arthroscopically or as an 
open procedure. The advantages of the open technique 
include technical ease and the ability to reapproximate, 
imbricate, or repair the ACJ capsule, which may be of value 
in posttraumatic AC joint arthritis with possible occult insta-
bility. The arthroscopic technique allows examination of the 
rest of the shoulder and subacromial space and is less inva-
sive, but it is technically more demanding [43]. The goal is to 
resect approximately 8–10 mm from the distal clavicle in 
open and arthroscopic technique. More aggressive resection 
risks sacrificing the AC ligaments and destabilizing the joint. 
It is important to visualize the entire distal clavicle to ensure 

that a uniform resection has been achieved. Intraoperative 
fluoroscopy may be needed to determine the adequacy of the 
resection.

Arthroscopic DCE can be performed directly through the 
ACJ, as described by Flatow and colleagues, or indirectly via 
the subacromial space [16, 17]. The direct technique can be 
used in patients who have isolated ACJ pathology and in 
whom the ACJ space is sufficient to accommodate the small-
diameter camera and instruments. The indirect approach is 
performed through the subacromial space and may be per-
formed with concomitant glenohumeral or subacromial pro-
cedures (such as subacromial decompression).

In a recent randomized trial comparing the direct and 
indirect arthroscopic DCE for osteolysis or posttraumatic 
arthritis in athletes, Charron and colleagues identified clini-
cal improvement in both groups at a minimum 2-year follow-
up [7]. Of greater interest, the group treated with direct 
arthroscopic DCE had reported a faster return to sport 
(21 days vs. 42 days) and had earlier improvements in their 
American Shoulder and Elbow Society and American 
Shoulder Scoring System scores than the group treated with 
indirect DCE. Zawadsky and colleagues reported a high suc-
cess rate following arthroscopic DCE for posttraumatic or 
stress-induced DCO [74].

Sometimes the ACJ traumas may require surgical inter-
vention following trauma, either acutely (within 4 weeks of 
presentation) or chronically. Earlier surgical management 
of ACJ dislocations was open joint reduction and repair of 
the AC capsule ligaments under direct visualization, sup-
ported with temporary internal fixation [9, 23, 55]. Sage 
and Salvatore reported 62–69% excellent results with this 
technique. Rigid internal fixation techniques do not allow 
the physiologic motion of the AC complex, that’s why hard-
ware failure and migration in some patients are seen. Most 
of the failures of these early surgical techniques were 
because of hardware complications, rather than a diseased 
distal clavicle. Failure to remove the distal clavicle might 
lead to persistent symptoms in some patients and distal 
clavicle resection as described by Mumford became very 
popular [38].

There are numerous surgical techniques in which 
reduction and fixation of the ACJ were achieved with bio-
logical and synthetic materials for the treatment of the 
acute Type III and V AC Separations. These have been 
performed as isolated techniques or as augmentations to 
ligament or tendon transfers. They may be performed 
arthroscopically or arthroscopically assisted. The advan-
tages of these more recent techniques include less soft tis-
sue dissection, ability to treat concomitant intra-articular 
pathology, and preservation of normal joint motion. The 
latter feature is thought to potentially reduce the compli-
cations that can occur after more rigid stabilization with 
screws or wires [31, 42].
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Surgical principles:

1.  Accurate reduction; no inferior sag of the scapula and no 
AP translation

2.  Repair or reconstruction of the ligaments and capsules after 
reduction with primary repair and/or reconstruction with 
auto or allografts

3.  Temporary protection of the surgery internally or externally
4.  Removal of the rigid implants after the repair consolidated

On the basis of these rules, timing of the surgery, choice of 
surgical approach, type of ligament reconstruction, and tem-
porary stabilization should be decided before the surgery. 
Accurate joint reduction is easier and primary repair is pos-
sible in the first 2 weeks of the injury. Primary repairs are 
harder because of the shaving-brush quality of the torn liga-
ments and should be done in 2 weeks.

Techniques are classified as:

(A) Techniques using the native ligaments
(B)  Ligament substitution with local ligaments and tendons
(C) Other kinds of ligament substitution

Many techniques have been described to repair or recon-
struct the more severely injured chronic ACJ injuries; 
mostly types III and V. Weaver and Dunn described an open 
technique to treat acute and chronic ACJ dislocations.  
It consists of distal clavicular resection followed by transfer 
of the CA ligament into the medullary cavity of the clavicle. 
In their original report, recurrence or incomplete reduction 
rate was as many as 24% of their patients [69]. The original 
procedure has only 30% strength and 10% stiffness of the 
original ligaments, and failure occurs mainly at the suture 
side. The mean AP laxity is 42 mm, and vertical laxity is 
14 mm, whereas in the intact state they are 8 mm and 3 mm, 
respectively [13].

In addition, the vector of attachment from the tip of the 
coracoid to the distal clavicle does not anatomically recreate 
the normal line of pull of the CC ligaments. More recent 
modifications of the Weaver–Dunn procedure have been 
described, in which the CA ligament transfer is augmented 
with a loop of Mersilene tape.

Conjoined Tendon Transfer

Jiang and colleagues recently reported their results in a group 
of patients with grade III–V AC dislocations treated with 
conjoined tendon transfer [25]. Distal clavicle (5–8 mm) is 
excised, and the lateral half of the conjoined tendon is iso-
lated and fixed within the medullary cavity of the clavicle to 
augment this reconstruction; the authors placed suture 
anchors in the base of the coracoid, passed the sutures through 
bone tunnels in the clavicle, and tied them over a bone bridge. 

These authors reported 89% good or excellent results, with 
92% returning to their preinjury level of function.

Double-Loop Repair

Dimakopoulos and colleagues proposed another technique 
for acute ACJ injuries which does not require hardware and 
may better control AP translation of the ACJ [15]. In their 
series, reduction of the ACJ was maintained in 32 of 34 
patients at a mean follow-up period of 33 months. The other 
two patients had only mild loss of reduction, and the mean 
Constant–Murley score was 93.5.

TightRope System

Perhaps the newest technique to achieve anatomic reduction 
and secure fixation is an arthroscopically assisted approach 
using the TightRope system (Arthrex, Naples, FL).

The TightRope system was designed originally to main-
tain the reduction of injuries to the ankle syndesmosis. Its 
application has been expanded to stabilization of an acute 
AC separation, thus permitting immediate return to sport or 
work because this method does not rely on biologic incorpo-
ration of autograft or allograft into clavicular bone tunnels.

The presumed advantage of this technique is that it main-
tains reduction of the CC distance and allows normal move-
ment of the ACJ [30]. Richards and Tennent reported their 
results in ten patients treated with the TightRope system [51]. 
At a mean of 15 months, the mean Constant score was 93, and 
seven of ten ACJs had no change in reduction. The remaining 
three had a slight loss of reduction, and this was attributed to 
a larger cannulated drill, which was used in this initial group.

EndoButton Closed Loop

Struhl recently described the EndoButton Closed Loop (CL) 
(Smith & Nephew, Memphis, TN), which is similar to the 
TightRope in that it is a nonrigid fixation and reduces the ACJ 
while also permitting slight motion through the joint [62].

Arthroscopic Reconstruction

Wolf and Pennington described an arthroscopically assisted 
method of stabilizing the ACJ with suture between the 
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clavicle and coracoid [72]. The coracoid is visualized with 
the arthroscope in the glenohumeral joint and the distal clav-
icle from the subacromial space. Suture or semitendinosus 
allograft is looped beneath the coracoid and secured through 
a single small bone tunnel in the clavicle. In this technique, 
resection of the distal clavicle facilitated reduction of the 
joint. A similar arthroscopically assisted technique uses a 
suture anchor in the coracoid with two limbs of suture which 
are passed through bone tunnels in the clavicle to reconstruct 
the conoid and trapezoid ligaments [72].

Anatomic Coracoclavicular Reconstruction

Anatomic reconstruction is the preferred method, in which the 
ligaments of the ACJ and CC ligaments are reestablished [33]. 
In fact, failure to surgically reproduce the conoid, trapezoid, 
and AC ligament function with current techniques may explain 
the observed incidence of recurrent instability and pain  
[24, 27]. The distal clavicle is not excised as part of this recon-
struction because the congruous bony surfaces impart stability 
to the reduced ACJ.

Semitendinosus, anterior tibialis, allograft, or autograft 
are suitable grafts for this procedure [29]. Lee and colleagues 
found no difference in peak load-to-failure between semiten-
dinosus, toe extensors, and gracilis tendons for reconstruc-
tion of the ACJ [29]. In this technique, there are two options 
for handling the fixation to the coracoid process: the graft 
may either be looped around the base of the coracoid, or it 
can be secured within a bone tunnel with interference screw-
type fixation. It is important to place the clavicular bone tun-
nels in an anatomic position to recreate the CC ligaments. 
Some part of the tendon graft are laid longitudinally in the 
direction of the ACJ and sewn to the acromion to reconstruct 
the superior and posterior AC ligaments.

Postoperative Management

Zanca and axillary view are obtained postoperatively and 
repeated for comparison at 6 weeks. Pendulum exercises 
three times a day are started immediately. The arm put in an 
arm sling with a support for 6 weeks. Patient can take the 
sling out only during supervised therapy, which involves 
active assisted ROM in all planes. With the supported sling 
(like platform brace), the weight of the shoulder is supported 
on the hip, rather than through the reconstructed ACJ. The 
sling is generally discontinued between 6 and 12 weeks; 
however, no strengthening or lifting can be done, as the graft 
is still maturing. Light jogging is allowed at 12 weeks. From 

12 to 24 weeks, isometric exercises are begun. Contact 
sports, throwing, and swimming are allowed at 6 months 
postoperatively.

Complications

There may be several intra- and postoperative complications 
with the repair or reconstruction of the dislocated ACJ. The 
complication rate is decreased as the anatomy and biome-
chanics of the ACJ are understood and the techniques are 
improved. Complications include wound problems and 
infection, hardware migration and failure, clavicle and cora-
coid fracture, loss of reduction, and neurovascular injury.

Owing to the normal motion of the ACJ, stabilizing AC 
relationship with pins or screws has been associated with 
high rates of complications. These include screws missing 
the coracoid, late screw failure, wound drainage, and sublux-
ation after screw removal [42]. Smooth Kirschner wires, 
threaded pins, and Steinmann pins have all been reported to 
migrate [31]. Hardware removal is necessary, and loss of 
reduction following removal has been described frequently.

Complications with anatomic CC reconstruction, such as 
superficial wound problems, can be minimized with gentle, 
meticulous soft tissue handling and layered wound closure. 
The possibility of clavicle fracture exists owing to placement 
of two fairly large bone tunnels, failure to support the arm 
postoperatively, and premature return to activity or contact. 
Extreme care must be taken when preparing the conoid bone 
tunnel so that posterior wall “blow out” is avoided. The ten-
don graft can be looped around the coracoid, rather than 
securing it within a bone tunnel in the coracoid to prevent 
blowout fracture of the coronoid process. Heterotopic ossifi-
cation and tunnel widening are rare findings, and their clini-
cal significance is unclear.
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Arthroscopic Double Band AC Joint Reconstruction 
with Two TightRope™: Anatomical, Biomechanical 
Background and 2 Years Follow up

Hosam El-Azab and Andreas B. Imhoff 

Introduction

Acromioclavicular (AC) joint separation is a typical sports 
injury following blunt trauma to the shoulder and considered 
as a common reason that athletes seek a medical advice follow-
ing an acute shoulder injury [16]; it comprises approximately 
9% of all injuries to the shoulder girdle [25]. Males in their 
second through fourth decades of life have the greatest fre-
quency of AC joint injuries than females in a ratio of 5:1 [25].

The complex articulation of the distal clavicle with the 
acromion process is secured by a variety of static and 
dynamic stabilizers. The static stability of the AC joint is 
maintained mostly by the integrated functions of the AC 
joint capsule and the coracoclavicular (CC) ligaments [15] 
(Fig. 1). The CC ligaments are considered the prime suspen-
sory ligaments of the AC joint [16]. Each CC ligament has a 
different role in providing the AC joint stability in response 
to various loading conditions [7]. Debski et al. reported that 
the conoid ligament being the major restraint against supe-
rior while the trapezoid ligament against posterior loading [6]. 
Several studies suggest that surgery should aim to recon-
struct these two ligaments as separate anatomic structures to 
restore the stability [1, 2, 11, 22].

Several treatment methods of AC joint separation are 
available. With the advance in the instrumentation and surgi-
cal techniques, the treatment becomes more precise to 
address the pathology of AC joint injury and more efficient 
to provide satisfactory clinical and structural results.

Treatment of Acute Acromioclavicular  
Joint Dislocation

The treatment of AC joint injuries depends on the severity of 
separation, which is classified according to Rockwood into 
six types [16]. In types I and II, a conservative treatment is 
sufficient for ligament healing, whereas in type IV through 
VI, an operative treatment is found to be mandatory to restore 
the AC joint stability. Although type III AC joint injury was 
controversly discussed in the literature regarding the choice 
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of treatment, it is generally accepted as an indication for sur-
gical stabilization with heavy laborer or active athletes [14].

Traditional techniques, such as plate, wire, suture and screw 
fixation, as well as CC ligament transfer do not create an ana-
tomic repair or restore the damaged anatomic structures [19], 
and therefore mostly do not provide the initial stability of the 
joint complex required to withstand common loads until bio-
logic healing occurs [8] and lead to the different reported infe-
rior results [14]. Osteoarthritis, redislocation, pain, malfunction, 
or deformity are frequently reported problems associated with 
traditional AC joint surgery [5].

Recently, AC joint reconstruction techniques have focused 
on anatomic restoration of the CC ligaments separately. Such 
techniques involve creating bone tunnels in the distal clavicle 
and coracoid process [12, 14]. Anatomical positioning is crucial 
when optimal joint function and stability are concerned [14].

Surgical Technique [17]

The injured shoulder is prepared and draped in sterile 
fashion, and the arm is fixed to a pneumatic arm holder. 
According to Rios et al., the total clavicle length is measured. 
Two independent points, in addition to the standard anatomic 

landmarks (Fig. 2) representing the footprints of trapezoid 
and conoid ligament insertions on the clavicle, are measured 
2.5 (17%) and 4.5 (30%) cm from the lateral edge of the 
clavicle, for optimal tunnel placement [15].

Glenohumeral joint arthroscopy is performed through the 
standard posterior portal. Two anterolateral portals are 
located through the rotator interval in order to provide work-
ing access to the coracoid undersurface (Fig. 2).

In the subacromial space, AC joint is visualized and the 
disc is removed if damaged. The arthroscope is reinserted 
into the glenohumeral joint via portal two. By an ablation 
device through portal three, the coracoid undersurface is pre-
pared circumferentially to visualize the medial and lateral 
edge as well as the base to tip (Figs. 2 and 3).

Following coracoid preparation, 3-cm vertical skin inci-
sion is placed directly over and perpendicular to the clavicle, 

Fig. 1 Anatomy of the AC-J showing the coracoacromial ligament; 
conoid and trapezoid ligaments

Fig. 2 Arthroscopy portals (1,2,3), anatomical landmarks, position of 
the conoid and trapezoid ligament, and a vertical incision in-between on 
the clavicle

Fig. 3 The coracoid undersurface prepared circumferentially with 
Opes™ (Electrocautery, Arthrex)
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between the previously marked orientation points (at 3.5 cm). 
The expo sed clavicle is then reduced to an anatomic posi-
tion. A drill guide with a marking hook (Acromioclavicular 
TightRope™ – ACTR – Drill Guide, Arthrex, FL, USA) 
(Fig. 4) is introduced through portal three with its tip posi-
tioned at the coracoid undersurface under arthroscopic con-
trol. In respect to the clavicular orientation for conoidal and 
trapezoidal tunnel placement, the drill sleeve is placed on top 
of the clavicle.

Optimal tunnel placement of the conoid coracoidal tunnel 
should be at the posterior aspect of the coracoid close to the 
base and medial edge. The trapezoid coracoidal tunnel should 
be anterolateral to the conoidal tunnel leaving a bony bridge 
between tunnels of at least 10 mm. K-wires are drilled 
through the clavicle and the coracoid under arthroscopic 
visualization until each wire can be seen at the caudal cora-
coid in an anatomic position. K-wires are overdrilled with 
two 3.5-mm drill bits. Through the cannulated drill bits, two 
Suturelasso SD wire loops™ (Arthrex, FL, USA) are inserted 
and the drill bits are removed. Each loop is connected to one 
flip button (TightRope™, Arthrex, FL, USA) over the supe-
rior surface of the clavicle.

The TightRope™ device consists of one round clavicular 
titanium button and one oblong coracoidal button connected 
by nonabsorbable sutures (FiberWire™ No. 5, Arthrex, FL, 
USA) (Fig. 5), which has been initially described for repair 
of acute syndesmosis disruptions. Each device is pulled 
through the tunnel via portal three until the caudal buttons 
can be completely visualized at the coracoid undersurface. 
Then, each FiberWire™ loop is pulled cranially so that the 
buttons flip and lock in horizontal position at the coracoid 
undersurface (Fig. 6).

Through subacromial arthroscopic control, the clavicle is 
held in reduction and the clavicular buttons are tightened via 
its pulley system and secured by alternating knots (Fig. 7), 
so that a reduced secure AC joint is finally achieved.

Fig. 4 ACTR-Drill guide (Arthrex). Notice the pointed caudal end and 
the positioning sleeve

Fig. 5 TightRope™ device consists of round titanium clavicular button 
and long coradoidal button connected by one No. 5 FiberWire™ suture

Fig. 6 The two long coracoid buttons are placed in the anatomical posi-
tions on the coracoid undersurface

Fig. 7 Through a minimally invasive approach (3 cm long incision), 
the AC-J held in reduction while the clavicular buttons are tightened 
and secured with alternating knots
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Postoperative Rehabilitation

The arm is placed in a sling in an adducted and internally 
rotated position for 6 weeks. Limited range of motion is 
allowed out of the sling under physiotherapeutic instruction. 
Exercises to regain strength are initiated once the patient has 
full, pain-free passive and active range of motion, not before 
the 7th postoperative week. Return to contact sports activi-
ties is allowed after 6 months postoperatively.

Discussion

The presented technique is a minimally invasive, arthroscopi-
cally assisted approach, leads to an anatomical AC joint 
reduction, that respects the two individual CC bundles and 
potentially allows for efficient ligament healing or biologic 
ligament replacement.

This TightRope™ construct is designed to allow ana-
tomic healing of the CC ligaments. It may provide a scaffold 
to guide this process while maintaining a stable reduction of 
the AC joint and restore the initial function [17]. This con-
cept is considered the primary goal in ligament reconstruc-
tion [10].

A single TightRope™ device might not provide adequate 
initial stability within the AC joint, though Wellmann et al. 
described superior early clinical results with utilizing one 
flib-button device similar to the TightRope™ system [24]. 
However, the clinical application of a single device might be 
justified for augmentation in cases where only one of the 
CC ligaments is ruptured. Walz and Imhoff found in a bio-
mechanical study that the application of two TightRope™ 
devices for fixation of a complete AC separation results in a 
significantly higher stability in the supero-inferior as well as 
the anteroposterior plane when compared to the native CC 
ligaments [23].

Advantages of this surgical technique, in addition to the 
immediate two-plane stability, include an arthroscopically 
assisted approach, which allows for a gold standard diag-
nostic evaluation of the injured shoulder while avoiding 
the potential complications associated with traditional 
open procedures. Tischer and Imhoff found concomitant 
injuries during AC joint dislocation occur up to 20% of 
cases [21].

To ensure the local CC ligament healing, this procedure is 
strictly recommended in fresh injured cases, within 
3–4 weeks following the injury, as sufficient healing poten-
tial still exists in the surrounding soft tissues. However, in 
case of chronic AC joint separation, the use of a graft mate-
rial is justified [9, 20]. It can be coupled with a flip-button 
device as described by Scheibel et al. to provide an initial 
mechanical stability [18].

We assume that anatomic healing of the CC ligaments and 
the corresponding soft tissues is sufficient to restore lasting 
stability to the AC joint, although the ligaments are not 
repaired with this technique.

Disadvantage of this technique is technically demanding 
and may be performed only by advanced arthroscopists. 
Additionally, it does not allow concomitant repair of the del-
totrapezoid fascia in types IV through VI AC joint separations, 
which might be mandatory to restore the horizontal stability.

Our Own Results

The outcome of 23 consecutive patients (21 male, 2 female; 
mean age: 37.5 ± 10.2 years; range, 21–59), who underwent 
anatomic reduction for an acute AC joint dislocation using 
two TightRope™ devices, was evaluated clinically and 
radiographically (Fig. 8), preoperatively as well as 6, 12, and 
at least 24 months postoperatively. The evaluation included 
visual analog scale for pain, Constant score [4], simple 
shoulder test [13], Short Form-36 [3], and the satisfaction 
scale.

There were three Rockwood type III, three type IV, and 17 
type V separations. The mean follow-up was 30.6 ± 5.4 months 
(range, 24–40). The visual analog scale showed significant 
improvements preoperatively from 4.5 ± 1.9 to 0.25 ± 0.4 and 
Constant score from 34.3 ± 6.9 to 94.3 ± 3.2 at least 24 months 
postoperatively. The Short Form-36 was representative of 
similar significant improvements.

In one patient, no redislocation or subluxation has 
occurred after device removal 6 months postoperatively 

Fig. 8 Postoperative radiograph showing the reduced AC-J with the 
two TightRope™ devices extending between the lateral clavicle and 
coracoid process
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because of development of infection, and subsequent radio-
graphs displayed continued reduction of the AC joint when 
compared to pre-removal imaging, which clues an evidence 
for tissue regeneration and healing surrounding the repair 
devices.

Another disadvantage was observed in our series is the post-
operative posterior clavicular displacement, which occurred in 
30% of cases. It may be explained through either deficient 
reconstruction of the deltotrapezoidal fascia, which is ruptured 
in Rockwood IV and V separations, or inadequate healing of 
the AC ligaments or both.

Our results demonstrate that anatomic placement of suture 
material within the CC-space provides a satisfactory clinical 
outcome up to 2 years postoperatively. Long-term follow-up 
is required to determine if this procedure results in lasting 
stability.
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Proximal Biceps Tendon Pathologies

Mehmet Demirtaş, Bar ş Kocaoğlu, and Mustafa Karahan 

Anatomy

The long head of the biceps brachii (LHB) originates from 
the superior glenoid labrum and the supraglenoid tubercle of 
the scapula. The primary blood supply to the proximal aspect 
of the tendon is the anterior humeral circumflex artery [3]. 
The biceps tendon is widest at its origin and progressively 
narrows as it exits the glenohumeral joint. As the tendon 
exits the joint, it passes deep to the coracohumeral ligament 
through the rotator interval, entering the bicipital groove. 
The capsuloligamentous structures of the rotator interval are 
responsible for maintaining the biceps tendon within its 
proper anatomic location as it passes through the groove [9]. 
Fibers from the supraspinatus and subscapularis fuse to form 
a sheath that surrounds the tendon at the proximal extent of 
the groove [27].

The superior glenohumeral ligament arises from the 
labrum adjacent to the supraglenoid tubercle, inserts onto the 
superior lateral portion of the lesser tuberosity, and contrib-
utes to an anterior sling about the biceps while crossing the 
floor of the bicipital groove [2, 28, 29]. The coracohumeral 
ligament has a broad thin origin at the base of the coracoid 
and blends into the lesser and greater tuberosities about the 
bicipital groove by two discrete bands [1]. Walsh et al. dem-
onstrated a pulley system about the bicipital groove com-
posed of the coracohumeral ligament and fibers from the 
subscapularis tendon [32].

This pulley system contributes to biceps stability. Within 
the groove, the tendon travels beneath the transverse humeral 
ligament. The distal transverse humeral ligament is not believed 
to play a primary role in securing the biceps tendon [10]. The 
biceps tendon makes a 30°–45° turn into the bicipital groove 
as it exits the glenohumeral joint with the shoulder in neutral 
rotation. The bicipital groove is formed between the lesser 
and greater tuberosities with the medial wall made up of the 
lesser tuberosity [10].

Several anatomical variations of the intra-articular por-
tion of the LHB have been described, including congenital 
absence, a synovial “mesentery”, fusion with the rotator cuff, 
and bifid tendons. These are all rare and of unknown clinical 
relevance [1, 10]. Equally, the origin from the supraglenoid 
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tubercle and glenoid labrum is variable, but again is of 
unknown clinical relevance, apart from as a cause of diag-
nostic confusion at arthroscopy [1, 10].

Function

The primary function of the biceps muscle is flexion of the 
elbow and supination of the forearm. At the shoulder, it has 
been shown to be a weak abductor only with the arm in exter-
nal rotation [15]. The tendon’s role as a humeral head depres-
sor and in glenohumeral stability is also highly debated. 
Several authors theorize that the tendon is a depressor of the 
humeral head [20]. Superior migration of the humeral head 
has been shown to occur when the proximal attachment of 
the tendon is released [1, 33]. It has also been postulated that 
the lesions in the pulley system lead to instability of the long 
head of the biceps tendon, allowing for anterior translation 
and upward migration of the humeral head [14].

Hypertrophy of the tendon is more likely to be a result of 
tendinosis than of functional hypertrophy. The primary func-
tion of the biceps is at the elbow, where it acts as a flexor and 
a supinator. There has been recent interest in its role in 
glenohumeral stability, especially following the descrip-
tion of SLAP lesions [7]. This has been studied mostly in the 
context of the throwing athlete [13, 15]. Anterior instability 
leads to increased activity in the muscle on electromyogra-
phy, indicating the possible role of the biceps as a secondary 
glenohumeral stabilizer. However, the magnitude of this 
function is likely to be small. Disorders of the biceps tendon 
can be classified into degenerative, inflammatory, mechani-
cal, and traumatic or sports related, but such a classification 
is arbitrary, and different pathologies may coexist. Although 
isolated pathology of the biceps does exist, it is commonly 
associated with abnormalities of the cuff and labrum.

Pathology

Biceps Tendon Degeneration  
and Inflammation

Biceps tendonitis is inflammation of the long head of the 
biceps tendon in or about the intertubercular groove. Tendon 
irritation commonly occurs in conjunction with other patho-
logic changes in the glenohumeral joint. Primary, or isolated, 
biceps tendinitis is due to inflammation of the long head of 
the biceps within the intertubercular groove or changes in the 
groove without any associated pathologic changes in the 
shoulder. It can be considered as a tenosynovitis, with inflam-
mation of the sheath rather than the tendon itself. This entity has 

been thought to account for only 5% of biceps tendonitis [25]. 
Inflammation may occur with abnormalities of the bicipital 
groove, often from trauma, causing a severe synovitis lead-
ing to attrition of the tendon and stenosis of the groove [23]. 
A shallow or narrow groove may predispose an athlete to 
tendinitis, as do osteophytes along the supratubercular ridge. 
Shallow or oblique groove walls can increase the propensity 
for tendon subluxation and inflammation [15, 23].

As tendonitis progresses, tendon fraying may occur with 
rupture possible in long-standing cases (Fig. 1). This second-
ary deterioration of the biceps tendon lacks a true inflamma-
tory component, hence the term “tendinosis” is more 
appropriate. Microscopic changes including atrophy of col-
lagen fibers, fissuring, fibrinoid necrosis, and fibrocyte pro-
liferation are commonly seen [15, 23]. Owing to the location 
of the biceps tendon in the rotator interval, one of the major 
causes of biceps degeneration is mechanical irritation of the 
tendon against the coracoacromial arch. As a result of repeti-
tive wear, the soft tissue restraints surrounding the biceps 
tendon might lose their stabilizing function and subluxation 
or dislocation may occur [16].

Secondary biceps tendinitis occurs with associated patho-
logic changes in the adjacent structures of the shoulder. This 
is often a result of impingement syndromes. The high inci-
dence of chronic degenerative changes found in the biceps 
tendon may be seen concomitantly with rotator cuff  
pathology [16]. In a study of 122 complete rotator cuff tears, 
Chen and colleagues also found that 76% of the tears were 
associated with pathology of the long head of the biceps, 
including all chronic tears. Tears greater than 5 cm were asso-
ciated with more advanced biceps lesions [6]. Toshiaki stud-
ied 14 cadaver shoulders showing that hypertrophy of the 
tendon near the bicipital groove was associated with rotator 
cuff tears [27]. Conversely, Carpenter studied 14 cadaver 
shoulders and found no change in the cross-sectional biceps 
tendon area or material properties with a rotator cuff tear [5].

Boileau et al. have described an hourglass-shaped biceps ten-
don that may cause mechanical symptoms and anterior-based 

Fig. 1 Arthroscopic view shows tendon fraying of biceps tendon, 
which may lead to rupture in long-standing cases
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shoulder pain [4]. The configuration results from an irritated 
inflamed and thickened intra-articular segment of tendon. 
This thickened aspect may block tendon excursion during 
shoulder motion, as it cannot slide through the bicipital 
groove [10]. Mechanical locking may occur with loss of for-
ward elevation. A static loss of terminal forward flexion may 
be seen even under anesthesia. The thickened tendon may 
disrupt the stabilizing structures of the rotator interval and 
lead to biceps instability over time [10].

Instability and Lesions

Lesions of the biceps pulley system lead to instability of the 
long head of the biceps [23]. They may occur in isolation 
or in association with other pathology. Rotator cuff lesions, 
along with lesions of the biceps pulley, are thought to be 
associated with an internal anterosuperior impingement of 
the shoulder. Habermeyer found that almost 90% of patients 
with arthroscopically diagnosed pulley lesions (superior 
glenohumeral ligament, supraspinatus, and subscapularis) 
also had pathology of the long head of the biceps tendon, 
including synovitis, subluxation, dislocation, and partial 
or complete tears [4]. Internal anterosuperior impinge-
ment was seen in 44% of the patients with pulley tears and 
involvement of the long head of the biceps and more often 
in patients with acromioclavicular arthritis [4]. In a study 
of 200 rotator cuff tears, Lafosse reported a 45% incidence 
of biceps stability, with 16% anterior instability, 19% pos-
terior instability, and 10% both anteroposterior instabil-
ity [17]. He found that anterior instability was associated 
with subscapularis tears, whereas posterior instability was 
found in conjunction with supraspinatus tears. Rotator cuff 
tear size also correlated with the extent of long head biceps 
instability and lesions. Most ruptures of the long head of 
the biceps tendon are due to a degenerative process. In the 
case of a spontaneous rupture, the “Popeye” sign may be 
present, although autotenodesis can occur as fibrous bands 
fix a dislocated or hypertrophic tendon to the subscapularis 
or within the groove.

Isolated pathology of the LHB is most commonly found 
in the younger, sporting population, especially in throwing 
athletes, gymnasts, swimmers, and participants in contact 
sports and martial arts. The LHB is subject to large forces of 
acceleration and deceleration in the throwing movement, as 
well as torsion and shearing, especially when coupled with 
forced flexion of the elbow or forearm supination. Type 2 
SLAP lesions affect the biceps anchor, and type 4 lesions 
extend into the body of the tendon of LHB [21]. Equally, 
anterosuperior internal impingement as described by Gerber 
and Sebesta could lead to bicipital tendonitis and pulley 
lesions [12].

Diagnosis and Imaging

Pain related to pathology of the biceps tendon is located 
mainly at the anterior part of the shoulder, often at the bicipi-
tal groove. Pain at rest, night pain, and pain on rotation are 
common. The pain may also radiate down the arm and mus-
cle belly, sometimes reaching the radial aspect of the hand, 
but lacks a precise distribution. Patients may also describe 
paresthesia in this distribution. This referred pain should not 
be confused with brachalgia, but may require investigation to 
exclude a cervical cause.

Comparative palpation of the bicipital groove is often 
useful and is felt most easily in 10° of internal rotation [5]. In 
dislocations of the LHB, the tenderness is more medial on 
the lesser tuberosity, and the tendon can sometimes be rolled 
under the fingers. Several provocative tests have been 
described for isolating pathology of the LHB, including 
Yergason’s test, Speed’s test, and the biceps instability test 
(Fig. 2). For the diagnosis of SLAP lesions, the most com-
mon clinical tests are the O’Brien test and the abduction 
external rotation supination test. However, recent literature 
has shown that none of these tests is specific enough in isola-
tion to confirm the diagnosis of biceps or superior labral 
pathology [1, 18, 26].

Patients with a dislocation of the LHB may present with a 
very typical clinical picture. Dislocation is often traumatic 
and almost always associated with a tear of the upper sub-
scapularis. The patient presents with a loss of active 

Fig. 2 Yergason’s test is one of the provocative tests that have been 
described for isolating pathology of the long head of biceps tendon
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elevation above 90°, and it is common to find a limitation of 
active and passive external rotation because the dislocated 
biceps tendon restrains the inferior part of the subscapularis. 
The clinical sign of a hypertrophied and entrapped “hour-
glass biceps” is a limitation of the terminal 10°–20° of active 
and passive elevation. This corresponds to a true mechanical 
locking of the shoulder [4].

Plain radiography is of limited benefit in the diagnos-
ing of abnormality of the LHB. The exceptions to this are 
the presence of calcification in the bicipital groove and 
bony deformity caused by fracture or osteophytes. Cystic 
change in the lesser tuberosity is also a sign of tendinosis, 
or a tear of the upper subscapularis tendon, and may be 
associated with lesions of the pulley system. Arthrography 
and CT arthrography were probably the first imaging tech-
niques to identify pathology reliably; rupture and disloca-
tion are readily identified. Static subluxations and SLAP 
tears are well visualized by CT in conjunction with 
arthrography [1].

MRI is the most widely used method of imaging the rota-
tor cuff. However, the agreement between MRI and 
arthroscopic findings has been shown to be poor, at only 
60%, with a concordance of only 37% in diagnosing pathol-
ogy in the biceps tendon [19]. The use of MR arthrography is 
preferable for detecting lesions of the biceps and the pulley 
system and is the best choice for SLAP lesions (Fig. 3). 
Ultrasound has shown an overall sensitivity of 49% and a 
specificity of 97%. However, it was poor at diagnosing intra-
articular partial tears of the tendon.

Currently, the definitive diagnosis of pathology of the 
LHB is still made at arthroscopy. It is an essential part of a 
diagnostic routine to draw the LHB into the joint to exam-
ine the portion within the bicipital groove. A dynamic 

examination of the tendon should be performed, which 
involves visualization of the tendon arthroscopically, while 
the shoulder is elevated and rotated with the elbow 
extended, to demonstrate an hourglass tendon or subtle 
instability, as well as demonstrating “hidden lesions” of 
the subscapularis more accurately. This dynamic visualiza-
tion is an advantage of the “beach chair” position for shoul-
der arthroscopy. Dry arthroscopy could be sometimes 
helpful to explore the hidden pathologies. Sometimes pres-
sure of the arthropump and irrigation solution can cover up 
lesions (Fig. 4).

Treatment

Nonoperative Treatment

The initial treatment of primary bicipital tendonitis is nonop-
erative. Rest, activity modification, ice, nonsteroidal anti-
inflammatory drugs, and sometimes immobilization are 
known as treatment methods. Physical therapy, working on 
strengthening the rotator cuff, deltoid, and parascapular mus-
cles, may be started as pain subsides. Range of motion exer-
cises concentrating on rotation should be an important part 
of the therapy protocol. A combination of corticosteroid and 
local anesthetic injection may be of value for diagnosis, 
injected into the subacromial space if rotator cuff pathology 
is suspected. A 2 mL of this may be injected anteriorly along 
the bicipital groove at the point of maximal tenderness, tak-
ing care to avoid intrasubstance injection into the actual ten-
don [24]. Ultrasound may improve the accuracy of injection, 
but adhesions or synovitis within the groove may prevent 
effectiveness of the injection [5]. Postinjection examination 
and symptom relief can direct diagnosis. The risk of biceps 
tendon rupture should be advised. Following injection, activ-
ity restriction for the next 1–2 weeks is advised before a 
course of physical therapy.

Fig. 3 T2 weighted MRI arthrography section shows SLAP lesion of 
shoulder, which is preferable for detecting lesions of the biceps and the 
pulley system and is the investigation of choice for SLAP lesions

Fig. 4 Dry shoulder arthroscopy picture shows SLAP lesion, which is 
sometimes helpful to explore the hidden pathologies
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Operative Treatment

If nonoperative treatment is unsuccessful, surgical interven-
tion may be warranted. Surgical management is usually 
withheld for at least a 3–6-month trial of conservative treat-
ment. Surgical alternatives in treating biceps pathology 
include debridement, resection of diseased tendon, tenotomy, 
or tenodesis. Patient age, activity level, athletic participation, 
goals, arm dominance, and willingness to tolerate nonopera-
tive management must be taken into consideration when 
deciding on surgical treatment.

Debridement

Grade I fraying is minor and involves less than 25% of the 
fibers. Grade II involves less than 50% of the tendon. 
Arthroscopic debridement is a successful treatment option 
for grades I to II fraying of the long head of the biceps tendon 
when it is isolated or combined with minimal associated 
pathology in the shoulder (Fig. 5). Grade III is greater than 
50% of the tendon, whereas grade IV is a complete tendon 
rupture. Grades III and IV may be treated with subacromial 
decompression and biceps tenodesis. Debridement may be 
used, for example, on a young athlete with less than 50% 
fraying of the tendon fibers and minimal involvement of the 
rotator cuff [15].

Biceps Tenotomy and Tenodesis

Open tenodesis has been the preferred surgical treatment 
for biceps pathology, and a variety of techniques have been 
described. The most reliable and mechanically sound pro-
cedure has been the keystone or the keyhold technique and 
simple suture fixation to the transverse humeral ligament or 
the tendon of pectoralis major [11]. Tenotomy may produce 
the classic “Popeye” sign, although reports show little 

clinical difference between the two techniques and as few 
as 40% of patients will notice the cosmetic deformity [22]. 
In some cases, hypertrophy, adhesions, and stenosis in the 
groove produce an “autotenodesis”, preventing retraction of 
the tendon.

Prolonged ache in the belly of the biceps muscle is an 
uncommon long-term complication of tenotomy and has 
been described in association with tenodesis [4]. The loss of 
strength at the elbow resulting from rupture has been put at 
20% of forearm supination and 8–20% of elbow flexion [4]. 
Elderly patients with low functional demand are candidates 
for tenotomy, whereas younger patients, manual workers, 
and patients who may object to a cosmetic deformity are 
more suitable for tenodesis.

Acromioplasty has been carried out in association with a 
biceps tenotomy or tenodesis. Recent studies have found that 
associated acromioplasty has little or no additional value. In 
the series of 307 patients followed between 2 and 14 years, 
concomitant acromioplasty was beneficial only in patients 
who had a normal acromiohumeral interval (>7 mm) and an 
isolated supraspinatus tear [4]. Other patients did not benefit 
from acromioplasty, and indeed it may be detrimental in 
patients with preoperative proximal migration of the head of 
the humerus [31].

Arthroscopic Tenotomy of the Biceps

This was described in the French literature in 1990. The clini-
cal observation showed that spontaneous rupture of the LHB 
could alleviate pain in rotator cuff disease. Arthroscopic teno-
tomy was preferred as a simple and reproducible technique in 
patients with massive, irreparable tears of the rotator cuff [31]. 
This has now become an accepted and common arthroscopic 
intervention. In the study, tenotomy led to an average decrease 
of only 1.3 mm in the acromiohumeral space. Fatty infiltration 
and atrophy of the remaining rotator cuff do compromise the 
results of arthroscopic biceps tenotomy [31]. The results con-
firmed the efficacy of this simple procedure, with or without 
treatment of concomitant pathology [31].

Arthroscopic Tenodesis of the Biceps

This is becoming more popular with increasing operative 
experience. Fixation methods have advanced with new tech-
niques and implants and can be performed using the soft tis-
sue or bone. The authors prefer to use an arthroscopic 
technique of soft tissue tenodesis to the subscapularis or 
rotator cuff for most patients if these structures are intact. 
Otherwise, tenodesis is performed with a mini-open subpec-
toral approach and a bio-tenodesis screw, especially in 
younger, high athletic, or occupational demand patients.Fig. 5 Arthroscopic debridement of grade II fraying of the biceps tendon
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The site of tenodesis should be the intertubercular groove 
of the humerus. Other locations are nonanatomical and non-
physiological and can potentially cause dysfunction of the 
shoulder and pain. When a soft-tissue biceps tenodesis is 
performed in the rotator interval, it is frequently associated 
with subluxation and will thicken and scar the rotator inter-
val [8]. Attachment of the LHB to the coracoid process or the 
conjoint tendon as proposed in the past with open surgery, 
and more recently with arthroscopy, also changes the course 
of the tendon and may produce pain caused by traction or 
adhesions under the insertion of pectoralis major [30]. In 
addition, the increased proximal force on the humerus may 
contribute to subacromial impingement. Attaching the ten-
don to the greater tuberosity has also been proposed, but this 
can produce a prominence which will impinge on the acro-
mial arch. The biceps tendon should never be tenodesed in 
the groove and left attached to the scapula, as this leads to an 
iatrogenic entrapment of the LHB [1]. The intra-articular 
portion of the biceps lying above the transverse ligament 
must always be resected. Finally, fixation to the pectoralis 
major tendon is simple but may produce pain by a cross-pull 
on that tendon [15].

Arthroscopic tenodesis to bone has also been shown to be 
successful. The technique again marks the biceps tendon 
with a suture, but release is more distal, near the supraspina-
tus. The proximal portion of the tendon is exteriorized and 
sutured to be placed back into a predrilled bone tunnel within 
the bicipital groove for both the tendon and biotenodesis 
screw.

Postoperative Care

The postoperative protocol following treatment of biceps 
tendon pathology is dependent on an isolated or concomitant 
surgical procedure. Rest, ice, and anti-inflammatory drugs may 
be used in all protocols as needed for symptomatic relief [15]. 
If an isolated simple tenotomy is performed, patients may have 
unrestricted range of motion and activities limited by their 
symptoms. If a biceps tenodesis is performed alone, the 
patient is placed in a sling for 4 weeks postoperatively with 
exception for moderate activities of daily living and range of 
motion to prevent stiffness [15]. They must strictly abstain 
from active elbow flexion and forearm supination to avoid 
overloading the repair. Strengthening may begin at approxi-
mately 6–8 weeks postoperatively. Return to athletics should 
be appropriately started at 3–6 months postoperatively [15]. 
If a concomitant procedure is performed, such as rotator cuff 
repair or supraspinatus repair, then postoperative protocol 
takes precedence. Full range of motion should be included if 
tenotomized, or elbow flexion and forearm supination should 
be avoided if tenodesis is performed.

Conclusion

Pathology of the LHB is increasingly recognized as an 
important cause of shoulder pain and dysfunction. However, 
it is still not completely understood, and the diagnosis is both 
clinically and radiologically indefinite. Dynamic arthroscopic 
examination of the shoulder has transformed our understand-
ing of and approach to treatment for conditions of the LHB. 
Biceps tenotomy and tenodesis are options for the surgical 
treatment of a pathologic biceps condition. Factors that need 
to be taken into account when choosing between tenotomy 
and tenodesis are the activity expectations of the patient, the 
importance of the cosmetic result, and patient compliance. 
As it now recognized that the functional role of the LHB 
tendon at the shoulder is limited, surgeons should be aware 
that retaining a pathological tendon has a more negative 
functional consequence than the loss of the tendon itself.
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Rehabilitation and Return to Sports After 
Conservative and Surgical Treatment  
of Upper Extremity Injuries

Kumaraswami R. Dussa 

Introduction

No matter what sport you participate in, there will come a 
time when you pick up an injury. Knowing how to treat the 
injury, ensuring. that the right therapy is employed, and hav-
ing the injury properly assessed, will all help in making the 
recovery process a lot quicker [1]. What may seem like a 
slight muscle twinge can sometimes develop into something 
a bit nastier if you decide to play on with the injury. As the 
body gets tired and fatigue sets in, more strain is placed on 
the muscles and the slight pain you felt earlier could develop 
into a tear or strain.

The Body’s Healing Process

From the moment a bone breaks or a ligament tears, your 
body goes to work to repair the damage.

At the moment of injury: Chemicals are released from 
damaged cells, triggering a process called inflammation. 
Blood vessels at the injury site become dilated; Blood flow 
increases to carry nutrients to the site of tissue damage.

Within hours of injury: White blood cells (leukocytes) 
travel down the bloodstream to the injury site where they 
begin to tear down and remove damaged tissue, allowing 
other specialized cells to start developing scar tissue.

Within days of injury: Scar tissue is formed on the skin or 
inside the body. The amount of scarring may be proportional 
to the amount of swelling, inflammation, or bleeding within. 
In the next few weeks, the damaged area will regain a great 
deal of strength as scar tissue continues to form.

Within a month of injury: Scar tissue may start to shrink, 
bringing damaged, torn, or separated tissues back together. 
However, it may be several months or more before the injury 
is completely healed. As a result, the injury site becomes 
tight or stiff, and damaged tissues are at risk of reinjury. That 
is why stretching and strengthening exercises are so impor-
tant. You should continue to stretch the muscles daily as the 
first part of your warm-up before exercising.
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Two Stages to the Healing Process

Physical and the Psychological

Even if your physical injuries may have healed, you have to 
make sure you are mentally ready to start playing again. 
Mental confidence and toughness of the patient plays a vital 
role for return to sports.

During the Acute Phase

The emphasis should be on minimizing swelling and decrea-
sing inflammation. This involves the RICE formula (R = Rest, 
I = Ice, C = Compression, E = Elevation), together with res t-
ricting activities. Depending on your injury, treatment may 
also involve surgery, bracing, or casting. Do not wait until 
your injury is healed to get back into shape. In the second 
phase of recovery, the athlete should work on regaining full 
motion and strength of the injured limb or joint. A specific 
plan should be outlined by a physician, physical therapist, or 
a certified athletic trainer.

What Are Sports Injuries?

The term sports injury, in the broadest sense, refers to the 
kinds of injuries that most commonly occur during sports or 
exercise. Some sports injuries result from accidents, others 
are due to poor training practices, improper equipment, lack 
of conditioning, or insufficient warm-up and stretching.

Common Types of Sports Injuries

Muscle sprains and strains
Tears of the ligaments that hold joints together
Tears of the tendons that support joints and allow them  
to move
Dislocated joints
Fractured bones, including vertebrae

What Does Return to Play Mean?

Return to play refers to the point in recovery after an injury 
or surgery when an athlete is able to participate in their sport 
or activity at a level similar to that before the injury or the 
surgery took place.

Injury-Recovery Risk

When an individual returns before adequate healing and 
recovery, he or she can risk a reinjury and possibly a longer 
rehabilitation. When dealing with sports injuries, employ-
ment of the right game plan from

Early diagnosis
Prompt treatment
Full functional rehabilitation

can often safely accelerate an athlete’s return to play [2]

Before Making a Return to Your Sport

At least be at a minimum level of fitness
Have the confidence to perform
Be sure that you can compete without the risk of causing 
further injury, or damage to the injured area.

Unique and Different Concept

Every individual is unique and different
Every injury is unique and different
Every sport is unique and different
In a team event, every sportsman’s role is unique and 
different

When are you willing to go back to the same sport that caused 
the injury? You can prevent REINJURY by holding yourself 
back in the early stages of a comeback. Prepare a schedule 
based on the following rules of thumb; then add nonimpact 
cross-training for extra conditioning.

What Should I Do If I Suffer an Injury?

Whether an injury is acute or chronic, there is never a good 
reason to try to “work through” the pain of an injury. When 
you have pain from a particular movement or activity, STOP! 
Continuing the activity only causes further harm.

Return to Play: Making the Tough Decisions

“When can I play again?” is a question sports medicine 
physicians are familiar with.
Those who ask this question are often seeking a definitive 
answer and usually hoping for a quick return to boot.
Unfortunately, medicine is not always a craft practiced in 
black and white but is often an art with a palette in several 
shades of gray [4].
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These shades of gray appear not only in the diagnosis and 
treatment of medical conditions, but also in the return-to-
play decisions that physicians make

It Is a Multidisciplinary Problem

And all these factors play a pivotal role:

Professional life span of the athlete is very short
Parents do not always put health risks in perspective
The image of highly paid professional athletes, combined 
with more professional sports opportunities for men and 
women and the growing number of organized sports for 
children, can create pressure on young athletes to excel 
and “specialize”
Concept of “the big game”, if doing so might help his or 
her athletic prospects
Fear of losing the place
In addition, “playing through pain” is an image many ath-
letes, even junior high athletes, strive to emulate
Media: playing despite injury, sending wrong unfortunate 
message

So Whom Should You Listen To?

Coach
Physiotherapist
Sports Physician
Orthopedic Surgeon
Colleagues
Yourself: your body

Who Has the Answers?

It is important to recognize that often the answers are based 
on popular opinion and personal experience, because long-
term clinical outcome data are scarce or nonexistent. Returning 
too soon can increase the risk of reinjury or lead to a chronic 
problem that will involve a longer recovery. Waiting too long, 
however, can lead to unnecessary de-conditioning [5].

Clearance Decisions

Always put the patient first
Understand the medical or musculoskeletal problem
If the issue is unclear or more information is needed, seek 
consultation

Though our active patients’ return-to-play issues are dif-
ficult, they correctly remain in the domain of primary care 
physicians in conjunction with appropriate consultants
If your patient is seen by a consultant who is not familiar 
with his or her exercise regimen, consider asking the con-
sultant specific questions for the patient or explaining 
what the patient’s athletic endeavors require.

Understand the Patient and Sports

Each patient has his or her specific concerns. Treat each 
patient as an individual. Do not assume that an athlete wants 
to play. You may be surprised to hear the answer, but you 
will not know unless you ask. Consider the sport, level, and 
goals, as well as the disease or condition. Evaluate the risks 
of return to play and, if any of them is significant, rethink the 
decision to allow an athlete to play. We are not in a competi-
tion to see who can return an athlete to competition fastest. 
Our responsibility is to help patients resume activities safely. 
To do so, we must understand how exercise will affect the 
injury or illness and how the condition will affect participa-
tion. No one likes to be sidelined with an injury. One of the 
goals of sports medicine is to enable an athlete to participate 
in his or her sport as soon as possible.

What We Can Learn from the Pros

Why does it seem that professional athletes return to play so 
much faster than recreational athletes? Professional athletes 
are usually in tremendous physical condition at the time of 
their injury. This fitness level helps them in many ways. 
Studies have shown that good conditioning can not only pre-
vent injuries, but also lessen the severity of an injury and 
help speed up recovery. Professional athletes usually get 
prompt treatment after an injury. This lessens the acute phase 
of the injury. Early treatment often means less swelling and 
stiffness and loss of muscle tone. In addition, the pros work 
extremely hard with a physical therapist and/or a certified 
athletic trainer during their recovery.

Tips from the Pros to Speed  
Up Your Recovery

Maintain year-round balanced physical conditioning
Make sure that injuries are recognized early and treated 
promptly
Participate in a full functional rehabilitation program
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Stay fit while injured
Keep a positive, upbeat attitude

Components of Training

Duration
Frequency
Intensity

Each step should be outlined and monitored by your physi-
cian and your physical therapist. Once your range of motion 
is fairly good, you can start doing gentle stretching and 
strengthening exercises. When you are ready, weights may 
be added to your exercise routine to further strengthen the 
injured area. The key is to avoid movement that causes pain. 
No matter what type of injury you have there are normally 
alternative exercises that can be done while still resting the 
injured area [6].

Proper Conditioning Aids Injury Recover Time

One thing that can improve your recovery from an injury is 
a high level of conditioning prior to injury. Not only will 
being in great shape reduce your risk of injury and lessen the 
severity of an injury, but it also has been shown to reduce 
recovery time.

Rest: Although it is important to get moving as soon as 
possible, you must also take time to rest following an injury. 
All injuries need time to heal; proper rest will help the pro-
cess. Proper balance between rest and rehabilitation is 
essential

Cold/cryotherapy: Ice packs reduce inflammation by con-
stricting blood vessels and limiting blood flow to the injured 
tissues. Cryotherapy eases pain by numbing the injured area. 
It is generally used for only the first 48 h after injury.

Heat/thermotherapy: Heat, in the form of hot compresses, 
heat lamps, or heating pads, causes the blood vessels to dilate 
and increases blood flow to the injury site. Increased blood 
flow aids the healing process by removing cell debris from 
damaged tissues and carrying healing nutrients to the injury 
site. Heat also helps to reduce pain. It should not be applied 
within the first 48 h after an injury.

Electro stimulation: Mild electrical current provides pain 
relief by preventing nerve cells from sending pain impulses 
to the brain used to decrease swelling, and to make muscles 
in immobilized limbs contract, thus preventing muscle atro-
phy and maintaining or increasing muscle strength.

Ultrasound: High-frequency sound waves produce deep 
heat that is applied directly to an injured area. Ultrasound 
stimulates blood flow to promote healing.

Massage: Manual pressing, rubbing, and manipulation 
soothe tense muscles and increase blood flow to the 
injury site.

Targeted pain relief: Medicated patches can be applied 
directly to the injury site.

Sports Injuries Depend on the Type of Sports

The shoulder is the second most frequently injured joint 
after the knee
Of all the sports, rugby has the highest risk per player/
hour of injury
The shoulder comprises 20% of all rugby injuries
Thirty-five percent of all injuries of the shoulder are recur-
rent injuries, and if a player has sustained an injury of one 
shoulder, there is a higher likelihood of the player sustain-
ing an injury of the other shoulder [3]
The maneuver most strongly associated with shoulder 
injuries is the tackle, accounting for 49% of injury epi-
sodes in rugby matches
Other sports involving throwing and sudden movement 
(cricket, baseball, volley ball, tennis)

Factors

Types of injuries
Mechanisms of injury
Conservative Treatment
Surgical treatment (Different methods)
Rehabilitation
Preinjury patient conditioning

Patient’s physical and psychological status

Guidelines for Safe Return to Sports

You are pain free
You have no swelling
You have full range of motion (compare the injured part 
with the uninjured opposite side)
You have full or close to full (90%) strength (compare 
with the uninjured side)
For upper body injuries – you can perform throwing 
movements with proper form and no pain
Keep in mind that even when you feel 100% fit, you may 
have deficits in strength, joint stability, flexibility, or 
skill. Take extra care with the injured part for several 
months.



Rehabilitation and Return to Sports After Conservative and Surgical Treatment of Upper Extremity Injuries  205

How to Speed Up Injury Recovery Time

Stay in shape year-round.
Pay attention to injury warning signs
Treat injuries immediately
Participate in a full injury rehabilitation program
Know when it is safe to return to sports
Stay fit while injured
Keep a positive, upbeat attitude [7]

Some Examples of Upper Limb Postsurgery 
Rehabilitation Protocol

Arthroscopic Anterior Stabilization

Preoperative rehabilitation is advisable (Prehabilitation)
Postoperative schedule

Level 1 Exercises: Day 1–3 Weeks

Mastersling with body belt for 3 weeks
Finger, wrist, and radioulnar movements
Elbow flexion and extension when standing
Teach axillary hygiene
Teach postural awareness and scapular setting
Passive flexion as comfortable to 90°
Passive external rotation to neutral (as comfortable)
Core stability exercises with sling (as appropriate)
No combined abduction and external rotation

Level 2 Exercises: 3–6 Weeks

Body belt removed and wean off sling
Commence active assisted flexion as comfortable
Active assisted abduction to 60°
Active assisted external rotation as comfortable
Commence proprioceptive exercises (minimal weight 
bearing below 90°)
No combined abduction and external rotation

Level 3 Exercises: 6–12 Weeks

Remove the sling by 6 weeks
Regain scapula and glenohumeral stability, working for 
shoulder joint control rather than range
Gradually increase ROM (range of motion)
Strengthen rotator cuff muscles
Increase proprioception through open and closed chain 
exercise
Progress core stability exercises
Ensure and treat posterior tightness, if required

Milestones

Week 6: Active elevation to preoperative level
Week 12: At least 80% range of external rotation com-
pared to asymptomatic side

Normal movement patterns throughout range
Activity Return to activity/sports

Sedentary job As tolerated

Manual job 3 months

Driving 6–8 weeks

Swimming breaststroke 6 weeks

Swimming freestyle 12 weeks

Golf 3 Months

Lifting Light lifting can begin at 3 weeks. 
Avoid lifting heavy items for 
3 months

Contact sport E.g., Horse riding, football, martial 
arts, racket sports, and rock 
climbing: 3 months

Shoulder SLAP Repair

Level 1 Exercises: <3 Weeks

Wean off sling over first 3 weeks
Teach postural awareness and scapular setting
Assess kinetic chain control and provide exercises as 
required
Regain scapula and glenohumeral stability, working for 
shoulder joint control rather than range
Passive ROM as tolerated
Progress to Active Assisted Motion as tolerated
Closed Chain exercises as tolerated
Core stability exercises with sling (as appropriate)

Level 2 Exercises: 3 Weeks

Progress to active glenohumeral flexion, abduction, inter-
nal and external rotation
Scapular stabilizer exercises
Strengthen rotator cuff muscles
Posterior complex stretching
Increase proprioception through open and closed chain 
exercise

Level 3: 6 Weeks

Ensure posterior capsule mobility
Manual therapy, if indicated, to eliminate any stiffness
Assess biceps function and add in eccentric biceps  
exercises with scapula control if required Assess biceps 
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function and add in eccentric biceps exercises with scap-
ula control if required
Progress to Sports-Specific Rehab

Milestones

Week 6: Full active range of elevation
Week 12: Full active range of movement with dynamic 
scapula stability throughout range (concentric and 
eccentric)

Activity Return to activity/sports

Sedentary job As tolerated

Manual job 6–12 weeks

Driving 3–6 weeks

Swimming breaststroke 3 weeks

Swimming freestyle 6 weeks

Golf 6 weeks

Lifting Light lifting can begin at 3 weeks. 
Avoid lifting heavy items for 
3 months

Contact Sport E.g., Horse riding, football, martial 
arts, racket sports, and rock 
climbing: 6–12 weeks
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Sports-Related Elbow Problems
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Fabio Nicoletta, and Vitaliano Isacco Barberio 

Introduction

Throwing, pushing, opposing, and gripping can all lead to 
significant elbow stress. Acute traumas or repeated 
microtraumas can affect the joint surfaces, the capsular 
structures, ligaments, and muscles, damaging the elbow 
anatomy and affecting function [1, 5]. Athlete fractures are 
less common than ligamentous instability, but occur with 
the same frequency as in the general population. Acute 
neurovascular lesions are very rare, while chronic neuro-
vascular alterations are more common. Bone alterations 
due to repeated stress can cause the onset of clinical situa-
tions involving the elbow, such as bone hypertrophy, trac-
tion spurs, loose bodies, osteophytes, and osteochondral 
defects. In throwing sports, repeated valgus stress can lead 
to microtraumatic lesions from the anterior oblique liga-
ment stress (main stabilizer for valgus stress) and a surface 
compression lesion of the radiohumeral surface (secondary 
stabilizer). We therefore end up with a clinical picture 
marked by a valgus that is no longer physiological to the 
elbow, and a presence of a flexion contracture. The ana-
tomical alteration described involves a pathological biome-
chanics where the medial apex of the olecranon strikes the 
medial wall of the olecranon fossa, with consequent syno-
vitis, osteophytes, and loose bodies. Around 30% of pro-
fessional baseball players present these lesions. This picture 
generally involves traction spurs to the coronoid tubercle 
and the medial crest of the olecranon. In the case of exces-
sive stress to the humeroradial joint as a consequence of 
incontinence of the anterior oblique ligament, cartilage is 
damaged at the humeroradial level due to the presence of 
osteochondritis dissecans of the humeral capitulum or 
radial head. This work reviewed a total of 570 different 
cases, focussing on sports-related elbow pathologies (125 
cases, Table 1). This is why we will consider osteochondri-
tis dissecans, the posterior olecranon humeral conflict, the 
anterior coronoid humeral conflict, and epicondylitis. Many 
of these pathologies, as you will see, have been treated by 
arthroscopy.
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Surgical Technique

A general anesthetic is used, and as the patient reawakens, 
where appropriate an axillary analgesic elastomeric pump is 
positioned. The tourniquet is positioned in a supine position, 
and the patient is subsequently moved to a prone position, 
with the joint hanging down and a soft rest at the arm. The 
posterior and anterior access portals are drawn onto the skin. 
If necessary, an open neurolysis of the ulnar nerve is carried 
out, where there is a flexion deficit or in the event of associ-
ated ulnar nerve compressive pathologies. Each arthroscopy 
of the elbow must involve the inspection and triangulation by 
probe of both elbow chambers: anterior and posterior. The 
technique involves a good view of the arthroscopic field. The 
three posterior accesses are low, intermediate, and trans- or 
paratricipital. These portals allow for the inspection of the 
posterior elbow components and the execution of complex 
procedures such as the removal of olecranon osteophytes or 
the olecranon fossa of the humeral, loose bodies, and the ole-
cranon apex itself. Great care is needed, along with the help 
of a medial subcutaneous accessory portal through which to 
position an arthroscopic retractor protecting the ulnar nerve 
(Fig. 1). In this way, the medial osteophytes can be removed 
where a clear view is obtained. If not, the medial osteophytes 
can be removed in open surgery at the end of the arthroscopy. 
The presence of loose bodies and osteophytes is frequent in 
cases of degenerative elbows in throwing, lifting and pushing 
sports. The two portals used for the arthroscopy of the ante-
rior compartment are carried out anterior-medially first, and 
subsequently anterior-laterally. Osteophytes and loose bod-
ies can be removed with the use of aggressive instruments 
and triangulation in the same way as, where necessary, ante-
rior capsulectomy can be performed with the help of anterior 
access portals where retractors can be positioned for the 
anterior nervous vascular bundle and for the anterior 
interosseous nerve. This procedure starts with the removal of 
the part closest to the proximal capsular, which is subse-
quently removed in a lateral-medial direction and then com-
pleted in a lateral-medial sense (Fig. 2). The removal of 
coronoid osteophytes allows for an increase in flexion, and is 

common in lifting sports. Anterior accesses allow for excel-
lent viewing of the radial head, its cartilaginous margins, and 
its relations with the capitulum humeri, often a place where 
chondropathies take hold. Completion of the arthroscopy 
involves suturing the arthroscopic accesses and positioning 
suction drainage that is retained for 2–3 days. Mobilization 
begins on day 1.

Osteochondritis Dissecans

Osteochondritis dissecans (OCD), a pathology that can 
involve various different joints, has an etiology that is often 
poorly defined. This pathological process is represented by 
an osteochondral focal lesion that generally involves the 
capitulum humeri, and with greatest incidence between  
10 and 15 years [11, 12]. It presents clinically with recur-
ring pain, progressive functional impotence with secondary 

Table 1 Casuistry

114 cases Related to sport in 5 years

22 cases 15 OCD of capitulum humeri in 
medium-anterior area, 7 OCD of 
the capitulum humeri in medium-
posterior area

35 cases Mobile bodies

24 cases Epicondylitis

33 cases Degenerative elbows connected to 
lifting activities or prolonged 
efforts in general

Fig. 1 After ulnar nerve release, the scope is positioned in the soft spot 
and an accessory portal is performed in the subcutaneous tissue in order 
to protect the ulnar nerve intra-articularly

Fig. 2 Brachialis muscle on the left, anterior capsule and intra-articular 
aspect after resection of the anterior capsule
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contracture in flexion of the elbow of approximately 15°, 
joint tumefaction, and clinical improvement after a rest 
period. Lesion etiology is believed to be attributed to vas-
cular deficiency of unknown origin or secondary to direct 
joint trauma with consequent local arterial lesion and sec-
ondary bone necrosis [3, 7, 10]. In terms of radiology, in 
the initial phases of the disease, x-rays may be negative or 
only show radio transparencies and localized bone rarefac-
tions. In more advanced phases, loose intra-articular bodies 
and irregularities to the capitulum humeri may be seen. 
Magnetic resonance imaging (MRI) and computerized 
tomography (CT) scan are useful to better define the extent 
of the lesion and identify subchondral bone sufferance. 
OCD must not be confused with Panner’s disease, which is 
marked by a fragmentation and alteration of the conforma-
tion of the whole capitulum humeri, with acute onset, and 
present in children aged between 5 and 10 years old, usu-
ally healing spontaneously. It is due to lesions from lateral 
elbow compression, characteristic of children practising 
sports like baseball and throwing. Treatment is symptom-
atic and consists of reducing activity of the affected elbow 
for a prolonged period of time. OCD, on the other hand, 
does not always have, in fact almost never has a positive 
evolution, resulting in alteration of the conformation of the 
capitulum humeri or the radial head and loose intra-articu-
lar bodies. Treatment of OCD is strictly related to the pres-
ence of a separation of osteochondral fragment. If this has 
not resulted, suspension of sports and functional overloads 
to the elbow are usually sufficient to allow for complete 
healing of the lesion. Subsequently, throwing, or other 
sports significantly involving the elbow joint must be 
avoided. Should the necrotic fragment separate completely, 
removal of the loose body is recommended, and a general 
cleaning of the necrotic region with microfractures is car-
ried out [4, 21]. This treatment alone will allow the elbow 
to recover function, but it may no longer be overloaded dur-
ing future sports or working activities. On the other hand, 
literature fails to consider 15-year reviews of OCD treated 
by removal of the fragment and microfractures. It is true 
that personal experience has shown that of the few cases 
that required our consultancy once again some time later, 
these were all patients who had recommenced normal sports 
activities at least 5 years previous. A minimum of 6 months’ 
abstention from activities is in any case necessary follow-
ing surgical treatment. In this pathology too, arthroscopy 
has, in recent years, allowed us to improve surgical tech-
nique: as for other joints, in the elbow too mosaic plastic 
can be used (with the removal of autologous bone and car-
tilage) as a compensatory technique of osteochondral 
defects secondary to OCD (Figs. 3 and 4). When the OCD 
involves the anterior side of the capitulum humeri, anterior-
medial and anterior-lateral accesses are used, whereas sev-
eral posterior-lateral accesses can be used for the mosaic 

plastic of the posterior side of the capitulum humeri. Where 
there is associated contracture in flexion of the joint capsu-
lar, an anterior capsulectomy is performed. Osteochondritis 
dissecans of the radial head identified in young patients 
practising throwing activities, is decidedly a less frequent 
treatment and the same as that described above, with resec-
tion of the radial head to be avoided at all costs, even in the 
most severe cases, given the young age of patients. The 
patient is placed in a lateral decubitus position and hip 
extra-rotation is used to approach arthroscopically the omo-
lateral knee to remove the osteochondral cylinder of the 
lateral femoral trochlea. Two posterior-lateral portals in the 
posterior soft spot of the elbow allow for the identification 
of the lesion, and its preparation in accordance with the 
technique for the insertion of the osteochondral cylinder 
taken from the knee. The press-fit cylinder makes the graft 
stable. Control MRI 4 months later shows good integration 
of the osteochondral graft (Fig. 5).

Fig. 3 The mosaicplasty from the knee to the elbow is performed on 
lateral decubitus positioning the hip in extra-rotation to allow knee 
arthroscopy for taking the graft from the lateral trochlea

Fig. 4 The graft is positioned on the lateral humeral condyle to fill the 
OCD gap
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Loose Bodies

The presence of loose bodies is a problem connected to 
various different pathological pictures. Patients may report 
a single trauma (chondral or osteochondral), whilst other 
patients exposed to repeated microtraumas or repeated ges-
tures may also develop this problem, as may those suffering 
from a rheumatology-type disease. It is therefore not only 
athletes practising sports with a high risk of direct, high-
energy trauma to this joint (snow-boarders, motorcyclists, 
rugby players) who are therefore at risk of formation of 
loose bodies, but basically all athletes practising sports such 
as weight lifting, gymnastics, or other sports involving the 
throwing gesture (baseball, javelin, hammer throwing, etc.) 
and, more generally sports involving repeated stresses with 
valgus demand. When performing the usual sports gesture, 
microtraumatic lesions may be caused to the elbow, and a 
condition of medial ligamentous laxity. This condition 
leads to anomalous stress mechanisms to cartilage and the 
onset of posterior-medial olecranon impingement, the for-
mation of osteophytes, degenerative alterations, and the 
formation of loose bodies [19, 24]. One of the most fre-
quent causes of the formation of endoarticular loose bodies 
in young athletes (and particularly gymnasts or throwers) is 
OCD, which should be distinguished from Panner’s disease 
(onset in younger patients – Little Leaguer’s elbow – and 
elective of the capitulum humeri with etiopathogenesis of a 
vascular nature and a generally positive prognosis). Another 

cause of the formation of loose bodies in the elbow (or in 
the knee, shoulder, or hip) is (primary) synovial chondroma-
tosis marked by benign cartilaginous metaplasia that origi-
nates from the synovial. The elbow is painful, with hard 
tumefactions that slowly tend to increase in volume and lead 
to significantly limited function. Radiology reports multiple 
rounded opacities. The loose bodies can be cartilaginous or 
bone, and their radio density therefore varies. White, shiny, 
hard in consistency, and rounded, similar to “river pebbles” 
may be isolated or connected to the synovial membrane that 
produces them. Histologically, the synovial presents sev-
eral lobules of cartilaginous tissue with high cell levels, and 
atypical and polymorphic nucleus with mitosis, to the extent 
that it is often confused with a chondrosarcoma (in actual 
fact malign degeneration is extremely rare). It is a benign 
lesion, but that can recur locally. This means that the most 
appropriate surgical indication is removal with marginal 
synovial excision. There is then a synovial chondromato-
sis secondary to arthritis with cartilage or bone fragments 
deriving from the joint surface, that nest in the synovia and 
where several are present, contribute to further damaging 
the joint [15]. Arthritis is another source of endoarticular 
loose bodies: dimensions of these can vary significantly. 
Above all, in this situation, the patient does not benefit 
from the removal of loose bodies alone, but will require 
capsulectomy and the removal of the osteophytes [16, 17]. 
In surgery of loose bodies of the elbow, it is important to 
evaluate the effective functional limitation of the ROM 
on various levels prior to surgery, along with the presence 
of instability in various valgus that may date the etiology 
to previous trauma. Standard radiographic study (fron-
tal, lateral, and axial views) shows the bone structure and 
radiopaque loose bodies above all in the anterior compart-
ment. It is less reliable for the examination of the posterior 
compartment, and does not always allow for the viewing 
of those that only involve the cartilage component [18]. To 
this end, a CT (with tridimensional reconstruction) and MRI 
provide valid support. The first allows us to also identify 
loose bodies measuring 3 mm, and to appropriately inves-
tigate the posterior compartment too. MRI, particularly in 
osteochondritis dissecans and in the earlier stages of syn-
ovial chondromatosis, has been seen to be very reliable in 
the correlation with effective arthroscopic findings. Loose 
bodies may be present in all compartments of the elbow, 
although geography may relate to etiology: in athletes of 
throwing sports, these usually appear in the posterior com-
partment, secondary to overload in valgus in extension.  
In OCD or Panner’s disease, they are more frequent in the 
anterior or lateral compartment for radial head fragmenta-
tion. Those secondary to traumas are often found near the 
coronoid process, the olecranon apex or the radial head. 
We therefore need to explore not only the anterior and pos-
terior chambers, but also the posterior-lateral “soft spot,” 

Fig. 5 Four months control MRI shows a good bone incorporation of 
the osteochondral cylinder
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often home to loose bodies. It is very important to recognize 
the reason for which the loose bodies have formed, and, if 
 possible, treat this at the same time as removing them in 
order to reduce the possibility of recurrence. In the same 
way, in arthritis, it is important to remove the osteophytes 
and perform a capsulectomy, and in synovial chondroma-
tosis it is important to perform a significant synovectomy, 
whilst in osteochondritis dissecans, it is important to sta-
bilize any chondrial flaps or create microperforations, or, 
where possible, perform mosaic plastic. Clearly, if a loose 
body cannot be found in the compartment where it was 
expected all other compartments must be inspected. Loose 
bodies that are smaller than 3 mm may also be removed by 
flushing alone. Once the loose body has been identified, 
flow intensity should be decreased to avoid its migration to 
other compartments. Very large or partially adhered frag-
ments can be removed with forceps, taking care to grip the 
loose body firmly during extraction to avoid losing it within 
the muscular or subcutaneous tissue. Large elements need to 
be reduced by osteotome or with a bur to allow for removal 
through the widened portal. Threading a very large loose 
body with an 18 Gauge spinal needle can also help stabilize 
the fragment for debridement. Large anterior loose bodies 
can, on the other hand, be removed by passing the forceps 
through a cannula in the medial portal, gripping the loose 
body longitudinally and at the same time pushing it with the 
arthroscope, toward the medial portal, thereby keeping the 
soft tissues separated.

Pathology from Overload in Sport:  
Humeral-Olecranon Conflict  
and Humeral-Coronoid Conflict

The posterior humeral-olecranon conflict and anterior 
humeral-coronoid conflict can be defined as bone manifesta-
tions consequent to repeated stress to the elbow. They both 
represent pathological cases frequently seen in certain sports. 
Humeral-olecranon conflict is most frequently seen in 
“throwing” sports (volleyball, handball, baseball, javelin, 
etc.). In all sports the upper limb is used above the head due 
to overload of the posterior compartment during elbow exten-
sion [9]. The most studied category of throwing athletes is 
that of baseball pitchers. It is, in fact, calculated that 30% of 
professionals suffer this pathology, with an age-dependent 
incidence. Symptoms of the medial portion of the elbow are 
responsible for 97% of the elbow problems of these athletes. 
Athletes participating in other sports, however, which also 
require a similar movement above the head, such as American 
football, volleyball, tennis, and javelin throwing, may also 
suffer [9]. The throwing gesture that may vary technically in 
the various sports is the same basic idea. We can divide the 

movement into five phases. The first three equate to the 
loading and raising, where the upper limb is lifted with max-
imal pronation of the forearm. These phases are followed by 
acceleration, or phase IV, marked by the production of great 
strength directed forward onto the limb by the shoulder 
muscles, with consequent internal rotation and abduction of 
the humerus combined with rapid extension of the elbow. 
Stage IV ends with the release of the ball and lasts only 
40–50 ms, during which the elbow accelerates up to 
600,000°/s. [20, 23]. Phase V ends the movement with the 
complete extension of the elbow. We can summarize the 
action by saying that the upper limb is accelerated and 
the forearm must then be stopped. The main decelerators are 
the flexor and extensor muscles; however, very often the 
humeral olecranon anatomic region ends up being the true 
braking element, with the excursion leading to a mechanical 
conflict between the medial olecranon apex and the medial 
wall of the olecranon fossa. This repeated shock can give rise 
to synovitis, osteophytes, and loose bodies in the posterior 
chamber. If we add the progressive laxity of the ulnar col-
lateral ligament (UCL) to this “mechanical stop” mechanism, 
we can easily understand the onset of pathological effects to 
the cubital lateral column. Valgus stress, in fact, produces 
anomalous compressive forces on the humeral-radial joint, 
the formation of district synovitis, osteochondropathies to 
the capitulum humeri and the radial head, and, finally, loose 
bodies. As a consequence of this traction mechanism on the 
medial compartment, cases of traction on the ulnar nerve 
have been described. Young athletes may present ischemic 
alterations of an osteochondritis dissecans to the capitulum 
humeri or radial head. Standard radiographic examinations 
may show alterations in line with chronic instability, such as 
calcification and, at times, ossification of the ligament and 
alteration of the olecranon bone profile. Load-bearing radiog-
raphies can confirm the instability, particularly in apprehen-
sive patients and those whose clinical findings are not 
unequivocal. A medial joint opening in excess of 3 mm com-
plies with the instability. Magnetic resonance (MRI) is use-
ful to evaluate ligamentous avulsion, partial ligamentous 
lesion, partial thickness laceration, and the condition of the 
surrounding soft tissue. The usefulness of arthrography by 
means of computerized tomography has also been described 
in evaluating complex UCL [20]. Anterior coronoid humeral 
conflict is most frequently seen in the population of rugby 
players, fighters, and weight lifters, namely, the so-called 
“lifting” sports. A lesser incidence has been documented in 
“throwers” than in “lifters.” In fact, the repeated flexion and 
traction mechanism typical of lifting can, in the long-term, 
lead to the formation of osteophytes and loose bodies on the 
coronoid process and at the level of the humeral coronoid 
fossa [20]. Nonsurgical treatment involves rest, nonsteroidal 
anti-inflammatory drug NSAID and correction of the technical 
throwing or traction movement as appropriate. Furthermore, a 
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rehabilitation program strengthening the flexopronators for 
throwers and the extensor-supinators for lifters is also rec-
ommended. If this noninvasive treatment fails, arthroscopy 
or arthrotomy are preferred. The posterior compartment can 
be well treated through direct posterior-lateral access. The 
loose bodies are removed, followed by synovectomy and a 
bur can then be used to level olecranon osteophytes and the 
olecranon fossa (mouse ears). Debridement of the olecranon 
fossa may be necessary should this have been obliterated by 
reactive material. Open surgical removal of large olecranon 
osteophytes has been described by Wilson et al. [6] Access is 
easily granted to the anterior chamber through the upper 
anterior-lateral and upper anterior-medial portals, alternating 
the use of one portal and another with the instruments, for 
complete treatment of coronoid osteophytes, synovitis, loose 
bodies, and to perform capsulotomies or capsulectomies [25]. 
A rehabilitation program must be followed involving the 
patient, surgeon, therapist, and trainer. Mobilization is early 
during the first day through continuous passive motion 
(CPM), therapist-assisted and self-assisted mobilization. In 
cases where ligamentous reconstruction is needed, where a 
stabilization is performed according to docking procedure, a 
rest and immobilization period of 20 days is kept, and is 
extended to the use of tutors to protect against any varus-
valgus or extension stress.

Epicondylitis

Epicondylitis is a degenerative tendinopathy of the short car-
pal radial extensor (ERBC) and of the aponeurosis of the 
common finger extensor at the level of the lateral epicondyle 
of the elbow, and can affect both amateur and professional 
athletes in exactly the same way. Epicondylitis is the most 
common form of lesion from overload to the elbow [13], 
regardless of sports activity. It is two or three times more 
common in athletes practising sports for at least 2 h a week, 
and three to four times more common in athletes over the age 
of 40 [8]. There is no significant difference between men and 
women. Etiopathology considers the presence of bursitis, 
synovitis, tendinous phlogosis, periostitis, tendinosis, tendi-
nitis, and tendinous lesion [22]. The most widely accepted 
theory would appear to be a microscopic lesion of the ERBC 
muscle from repeated microtraumas that leads to the forma-
tion of a repair tissue called angiofibroblastic hyperplasia or 
angiofibroblastic tendinosis [2]. The microlesion and tissue 
repair process subsequently leads to a failure of tendon func-
tion. The patient typically presents a recent history of elbow 
function overload with insidious onset of pain in the lateral 
region of the elbow (usually the dominant), although this is 
not always the case. Diagnosis is essentially clinical. Pain is 
exacerbated by dorsal-flexion against resistance with the 

elbow extended. Joint tumefaction is minimal or absent. 
Objective examination shows a decrease in palpatory consis-
tency of tissues of the lateral epicondyle and pain upon 
forced dorsal-flexion. The point of least tissue palpatory con-
sistency can be seen 5 mm distally and forward of the lateral 
epicondyle. Range of Movement (ROM) is usually with nor-
mal limits with regard to counter-lateral, although thrower 
athletes may present an extension deficit. Radiographies are 
usually normal. Conservative treatment is the gold standard 
for this pathology. However, from 5% to 10% (some studies 
state up to 25%) of these athletes develop a series of symp-
toms that can require surgical treatment. Surgical treatment 
should be employed in athletes where conservative treatment 
of no less than 3 months, has failed. Surgical treatment may 
be open, percutaneous, or in arthroscopy, with success per-
centages that range from good to excellent from <65% to 
95% of cases [14]. Differential diagnosis must be performed 
with compression of the radial nerve and the compressive 
neuropathy of the PIN (proximal interosseous nerve), intra-
articular pathologies of the elbow, posterior-lateral impinge-
ment of the elbow, posterior-lateral rotator instability, 
osteoarthritis of the radial head, C7 cervical radiculopathy, 
loose bodies, osteochondritis, fracture to the radial head, and 
lateral synovial fold. Epicondylitis responds to conservative 
treatment in 90–95% of cases. There are many options for 
conservative treatment: rest, nonsteroidal anti-inflammato-
ries, corticosteroid injections, tutors, physiokinetic therapy, 
ionophoresis, laser therapy, ultrasound, pulsed electromag-
netic fields, massage therapy, stretching, changes to the ath-
letic movement, acupuncture, shockwaves, use of “skin-derived 
tenocyte-like cells,” botulin toxin, and more recently, PRP 
injections and autologous growth factors. In 5–10% of cases 
where conservative treatment fails, surgical treatment must 
be considered. In our case history, we will consider 
arthroscopic treatment. The patient is positioned as described 
previously. The portals previously described are made. 
Arthroscopic classification of Baker et al. is: Type I: no tear 
of the lateral joint capsular; Type II: longitudinal lesion to 
the lateral joint capsular; Type III: complete breakage of lat-
eral joint capsular with retraction and wide exposure of 
ERBC tendon insertion. Once good viewing of the internal 
surface of the ERBC and lateral joint capsular has been 
obtained, if these structures are intact, arthroscopic debride-
ment of the capsule proceeds through the lateral portal. 
Having removed the portion of this lateral capsule, the inter-
nal surface of the ERBC can be seen. At this point, the 
arthroscopic release phase can begin, starting from the point 
of lesion and continuing proximally toward the origin of the 
muscular insertion at the lateral epicondyle with radio fre-
quency hook. Subsequently, use a burr to decorticate the lat-
eral epicondyle or perform microfractures in order to promote 
the repair process, thanks to the bleeding thus obtained.  
A local anesthetic is then injected into the lateral portal to 
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decrease postoperative pain. Postoperative: 90° elbow valve 
with radiocarpal joint in hyperextension for 15 days, start of 
active and passive physiokinetic therapy, progressive ROM, 
cryotherapy, gradual strengthening exercises at around 4–6 
weeks once complete ROM has been reached, and ergonomic 
education. Return to sports at around 6–8 weeks post-opera-
tive. Conclusions: in expert hands, this procedure is simple, 
safe, repeatable, and efficient. The technique preserves the 
insertion of the other extensor tendons. It allows for shorter, 
early rehabilitation if compared to other techniques. Long-
term subjective and objective results are good to excellent, 
and the return to the same level of previous sporting practice 
is early and complete. No complications have been 
observed.

Conclusions

The elbow joint is involved in several sport activity like 
throwing, pushing, opposing, and gripping. Acute trauma or 
overuse syndromes can determine problems in the joint sur-
face, ligaments, muscles determining damage in elbow 
anatomy and functions. Bony lesions are represented by 
osteophytes, spurs, loose bodies, and osteochondral defects. 
Soft tissue lesions are represented by capsular adhesions 
with increased thickness in the anterior and posterior aspects. 
These anatomical pictures involving the elbow joint basi-
cally determine the clinical picture of the degenerative stiff 
elbow. In the last 10 years elbow arthroscopy has become the 
choice method in treating these pathologies. The arthroscopic 
technique has been developed in order to have a safe proce-
dure. The use of safe portals and the arthroscopic retractors 
(developed by O’Driscoll) represent till today a high quality 
way to avoid complications. Reviewing a large casuistry per-
formed by the same senior surgeon (L. P.) a considerable 
number of cases are connected to sport injuries, in consider-
ation of age, kind of sport, acute, or chronic trauma. The 
opportunity to arthroscopically release a stiff elbow or 
remove loose bodies or treating OCD by microfracture or, 
more recently, by arthroscopic mosaicplasty seem to confirm 
the quality of the arthroscopic option. Longer follow-up,  
a better evaluation of the level of the return to sport must be 
depicted in the future to confirm these impressions.
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Introduction

The knowledge in elbow instability management has been 
increased by understanding the functional anatomy of the 
elbow and its surrounding structures. Normal elbow stability 
depends on a complex interaction between the articular sur-
face and the surrounding soft tissue constraints.

Despite generally favorable results after closed treatment 
for simple dislocations of the elbow, residual instability 
which is difficult to treat can occur [4, 33]. In 1988, Mehlhoff 
and colleagues [15] reported that 35% of the 52 patients who 
had a simple dislocation of the elbow treated by closed reduc-
tion had long-term symptoms of instability. Almost always it 
appears after traumatic events, it also can occur as a result of 
repetitive microtrauma over a long period of time. If left 
untreated, the resulting sequelae can lead to chronic pain, 
ulnar neuritis, and inability to compete/work.

Elbow stability is maintained by both static and dynamic 
constraints. The three primary static constraints to elbow 
instability are; (1) the ulnohumeral articulation, (2) the 
medial collateral ligament (MCL), and (3) the lateral collat-
eral ligament (LCL) complex. The secondary constraints are 
the radial head, the common flexor and extensor origins, and 
the capsule. Advances in recent years have identified the 
importance of the dynamic constraints to elbow stability. 
These dynamic stabilizers include the muscles that produce 
compressive forces across the elbow joint, especially the 
anconeus, triceps and brachialis. An elbow is stable if its 
three primary constraints are intact.

Elbow Anatomy and Biomechanic

The elbow is a hinged joint (trochoginglymoid) with three 
articulations: radiocapitellar, ulnohumeral, and proximal 
radioulnar joints which represent one of the most congruous 
joints in the body [25, 37] The ulnohumeral articulation 
allows flexion and extension motion similar to a simple 
hinge. The radiocapitellar and proximal radioulnar articula-
tions allow axial rotation or pivot type motion at the elbow. 
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This bone configuration confers a significant amount of 
inherent stability to the elbow joint especially at less than 
20° and more than 120° of motion [13, 32] and provides 
about 55% of the varus stability in terminal extension and up 
to 75% in 90° of elbow flexion [16]. Within the remaining 
arc of motion, stability is provided by the capsule and its 
thickened medial and lateral collateral ligaments of which 
the MCL is the most important [20, 32].

The MCL complex consists of three components: (1) the 
anterior bundle, (2) the posterior bundle, and (3) the trans-
verse bundle [20]. The anterior bundle originates on the 
anteroinferior medial humeral epicondyle and inserts on the 
medial portion of the coronoid, known as the sublime tuber-
cle. This bundle is primary restraint to valgus stress and con-
tributes 55–70% of valgus stability of the elbow joint. The 
posterior bundle originates at the posteromedial humeral epi-
condyle and inserts proximal and posterior to the anterior 
bundle insertion site [6, 38, 39]. The transverse bundle is not 
as clearly defined and has a negligible contribution to elbow 
stability.

The LCL complex has been recently recognized as an 
important stabilizer of elbow joint. It is composed of four 
components: the annular ligament, the lateral radial collat-
eral ligament, the lateral ulna collateral ligament, and the 
accessory LCL [17]. It extends from the lateral epicondyle to 
the supinator crest and surrounds four-fifth of the radial head 
[12]. The LCL has been described as a “Y” structure consist-
ing of superior, anterior, and posterior bands. Tension of the 
three bands was thought to stabilize the radial head and radi-
oulnar and ulnohumeral joints at the same time. Transection 
of the anterior portion produces significant laxity to both 
varus and external rotation torque at 80° flexion. Further 
transection of the posterior band resulted in gross instability 
with dislocation [23]. O’Driscoll and associates [2] first 
described the concept of posterolateral rotatory instability 
(PLRI) of the elbow, which occurs because of insufficiency 
of the lateral collateral ligament complex. They [28, 30] 
reported that the lateral ulnar collateral ligament is the essen-
tial structure to prevent PLRI. Sek and colleagues [14, 36] 
reported that transection of the lateral ulnar collateral liga-
ment alone did not produce significant lateral joint laxity. 
Varus-valgus laxity and rotational instability increased dra-
matically, however, after the entire LCL complex was 
detected proximally. These studies suggest that both the 
radial collateral ligament and lateral ulnar collateral ligament 
play key roles in preventing posterolateral rotatory instabil-
ity of the elbow.

The olecranon process of the ulna also provides a signifi-
cant amount to varus and valgus stability of the elbow and is 
particularly useful in providing inherent stability after closed 
reduction of simple elbow dislocations. The coronoid pro-
cess is the other important bony stabilizer of the elbow.  
It provides an anterior bony buttress to resist posterior 

dislocation of the ulnohumeral articulation. This structure 
also provides the attachment point for the anterior bundle of 
the medial collateral ligament [5].

The radial head has been shown to have more significant 
effect on elbow stability [20]. Normally, up to 60% of the 
axial force is transmitted through the radial head [9]. The 
radial head contributes up to 30% of the valgus stability of 
the elbow with an intact medial collateral ligament [18]. 
When the medial collateral ligament is insufficient or injured, 
then the role of the radial head becomes more significant, 
accounting for up to 75% of the valgus stability [20].

Classification of Elbow Instability

Elbow instability is considered a spectrum of injuries from 
the acute, traumatic dislocation to the chronic ligamentous 
laxity that results in transient joint subluxation. It is neces-
sary to consider the following criteria when attempting to 
classify elbow instability: timing (acute, chronic, recurrent), 
direction of displacement (valgus, varus, posterior, ante-
rior), and presence of articular subluxation or associated 
fractures [22].

Mechanism of Elbow Instability

Recurrent instability of the elbow is more common than 
recurrent dislocation. The cause of recurrent instability of 
the elbow varies. But the basis for instability of the elbow 
can be congenital or traumatic. If congenital, the trochlear 
notch may be too shallow or otherwise abnormal in contour. 
If traumatic, the recurrent dislocation may result from frac-
tures or ligamentous disruption.

Most of the medial instability patterns are found in throw-
ing athletes over an extended period of time and most ath-
letes are unable to recall a specific event leading to instability. 
Medial instability may result from repeated excessive valgus 
stress on the ulnar collateral ligament during the acceleration 
phase of throwing. This instability that results from microtrau-
matic injuries to the ulnar collateral ligament can cause 
medial elbow pain medially during the late cocking and 
acceleration phases and ulnar nerve symptoms.

Posterolateral rotary instability (PLRI) is the most com-
mon pattern of recurrent elbow instability [21, 24, 27]. 
Because of the coronoid can pass inferior to the trochlea, the 
instability is usually posterolateral rather than direct poste-
rior and involves primarily the hinge joint more than the 
proximal radioulnar joint. The radius and ulna move together 
as 1 unit in relation to the humerus, with the proximal radi-
oulnar joint remaining intact. There is a three-dimensional 
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displacement as the ulna supinates or externally rotates away 
from the trochlea.

PLRI can be considered a spectrum of instability that con-
sists of three stages that range from instability to frank dislo-
cation. In the first stage, there is subluxation of the elbow in 
a posterolateral direction with disruption of the lateral ulnar 
collateral ligament. In the second stage, soft tissue disruption 
continues and there is incomplete dislocation with the coro-
noid, perched underneath the trochlea that results in disrup-
tion of other lateral ligamentous structures and the anterior 
and posterior capsule. In the third stage, there is complete 
dislocation of the elbow with the coronoid resting behind the 
humerus with complete or partial disruption of the medial 
ulnar collateral ligament [26]

Anterior instability of the elbow is rare and typically is 
seen in association with fractures of the olecranon [11]. The 
collateral ligaments may be torn when the olecranon fracture 
is comminuted and close to the coronoid.

Clinical Evaluation of Chronic  
Elbow Instability

Chronic elbow instability most commonly involves insuffi-
ciency of the lateral collateral ligament complex after elbow 
dislocation, particularly in young patients [31]. The typical 
presentation of elbow instability is a history of recurrent, lat-
erally based pain, clicking, catching, or snapping, and the 
sensation that the elbow is slipping out of the joint. These 
symptoms typically occur with terminal elbow extension and 
with the forearm in supination. On physical examination, 
patients usually have pain, on palpation, of the lateral elbow, 
along the course of the lateral collateral ligament, which 
maybe confused with differential diagnosis including valgus 
instability, lateral epicondylitis, radial tunnel syndrome, and 
proximal radioulnar joint instability with radial head disloca-
tion. The posterolateral rotatory instability test of the elbow, 
also known as the lateral pivot-shift test, which reproduces 
the deforming forces with a valgus force and forearm supina-
tion, has been classically described as the most sensitive 
examination technique for diagnosing posterolateral rotatory 
instability [27]. This test is performed with the patient in the 
supine position, the affected arm overhead, and the shoulder 
externally rotated. The elbow is fully supinated, and a valgus 
moment and compressive force are applied to the elbow dur-
ing flexion. Starting from a position of full extension, a val-
gus, supination, and axial compression force is applied as the 
elbow is slowly flexed. With this maneuver in an unstable 
elbow, there is a rotatory subluxation of the ulnohumeral joint, 
which occurs at approximately 40° of elbow flexion with cre-
ating a dimple sign of the skin proximal to the radial head, 
along the posterior lateral joint. As the elbow is flexed further, 

there is a sudden reduction of the joint with producing a clunk 
sensation. The apprehension stress test is similar to the pivot-
shift stress test but is considered positive when the patient 
cannot complete the test because of pain. Two other active 
apprehension signs “the chair sign” and “the push-up sign,” as 
described by Regan and Lapner [35], may be useful in clinical 
diagnosis. The chair sign is similar to the elbow pivot-shift 
test and reproduces the symptoms patients feel when pushing 
up from a chair. And the push-up sign is performed by having 
the patient carry out an active floor push-up. The upper 
extremities are positioned with elbows at 90°, forearms supi-
nated, and arms abducted to more than shoulder width.  
A positive push-up sign occurs when apprehension or dislo-
cation occurs on terminal extension from the flexed position. 
Both of these active examination techniques were shown to be 
more sensitive than the pivot shift sign in the awake patient in 
one study [36]. Other provocative tests include the posterolat-
eral drawer test and varus–valgus stress testing and use radi-
ography or fluoroscopy to measure joint space gapping when 
the elbow joint is placed under stress.

Chronic medial elbow instability is rare and is often seen 
as an overuse injury in athletes participating in overhead or 
throwing sports. These activities place repetitive high valgus 
loads on the medial aspect of the elbow joint [34]. Rarely, 
symptoms include a sensation that the joint is slipping out of 
place, but occasionally, ulnar nerve paresthesias with radiat-
ing symptoms to the hand can be seen. The ulnar nerve 
should be palpated at the elbow to assess stability within the 
cubital tunnel, Tinel’s, and potential sources of impinge-
ment. Provocative maneuvers to assess the valgus stability 
include “a static valgus stress test” at 70–90°, “the moving 
valgus stress test,” and “milk test.” The moving valgus stress 
test has been the most accurate in predicting medial ulnar 
collateral ligament injury. The elbow is brought through 
range of motion while the examiner applies a valgus force.  
A positive correlative result is noted when the patient experi-
ences pain at midrange of motion (70–120°) when flexing 
and extending the elbow while applying valgus force [29]. 
The milk test is performed by having the patient reach with 
the contralateral hand under the affected elbow and grasp the 
ipsilateral thumb. A valgus force is applied by the patient 
with the elbow flexed, and medial elbow pain with this 
maneuver indicates a positive result.

Radiographic Features

Apart from the physical examination, varus and valgus stress 
radiographs are useful to confirm the diagnosis of recurrent 
elbow instability. Ideally, this examination should be per-
formed with fluoroscopic guidance to allow proper positi-
oning of the elbow. Stress radiographs in elbows with PLRI 
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show widening of the ulnohumeral joint space on the lateral 
and anteroposterior views and posterior subluxation of the 
radial head on the lateral view. Obtaining comparison views 
of the contralateral elbow is also helpful in making the diag-
nosis of dynamic elbow instability. The normal elbow should 
not open when stressed. An increase in the joint space greater 
than 2 mm is considered an abnormal finding [19, 25].

Stress views often fail to demonstrate gross laxity, espe-
cially with partial-thickness tears of the medial collateral 
ligament. Magnetic resonance arthrography is the most sen-
sitive and specific imaging study to assess the integrity of the 
medial ulnar collateral ligament. In addition to providing 
information regarding the medial ulnar collateral ligament 
itself, MRI also can delineate concomitant pathology, such 
as radiocapitellar impaction, lateral instability patterns, and 
nonosseous loose bodies.

CT with three-dimensional reconstruction is useful for 
visualizing fractures of the coronoid and radial head in com-
plex elbow fracture dislocations and aids in preoperative 
planning in such cases.

Treatment

In patients with chronic medial elbow instability, nonopera-
tive treatments are almost always sufficient to allow them to 
return to activities of daily living and sport without restric-
tion, as most daily activities do not involve placing a valgus 
stress at the elbow. There are two main indications for medial 
side instability reconstruction; the first one is acute complete 
rupture in a competitive throwing athlete who wishes to 
remain active and the second indication is chronic pain or 
instability without improvement after at least 4–6 weeks of 
supervised conservative treatment.

In operative interventions, the appropriate procedure must 
be selected to fit the injury and needs of the patient. Elbow 
arthroscopy is very useful for identifying both cause and 
degree of the instability and any concomitant pathology of 
the injured elbow. The surgeon has chance to note the amount 
of opening across the ulnohumeral joint by arthroscopic 
evaluation as well, which was described by Field et al. [8].

Once the diagnosis is confirmed arthroscopically, each 
surgeon must choose the repair/reconstructive procedure that 
will benefit the patient in achieving his or her goals. Many 
procedures have been described for repairing of medial ulnar 
collateral ligament tears using local tissue, which has been 
attempted with varying rates of success in throwing athletes. 
Palmaris, gracilis, toe extensor autografts, and allograft ten-
dons have all been used for reconstruction with good success 
rates [1, 3, 10, 32].

As the chronic medial elbow instability, most of LCL 
injuries that occur after simple elbow dislocations do not 

require surgical treatment acutely. They are treated in the 
acute setting with a hinged elbow brace, with the forearm in 
full pronation for a period of 4–6 weeks. With full forearm 
pronation, the lateral side is reduced and the medial soft tis-
sue structures, if intact, act as a hinge, allowing the torn 
LUCL to heal in most cases. Some patients treated conserva-
tively may continue to have gross instability or symptomatic 
lateral instability which does not improve with time, then 
surgical intervention must be chosen. For patients with 
chronic lateral instability, reconstruction of the LUCL using 
either autograft or allograft tendon is recommended as in the 
medial side reconstruction.

Rehabilitation

After reconstruction of lateral side instabilities, the elbow is 
placed in approximately 70° of flexion with the forearm in 
full pronation. The duration of immobilization depends on 
the strength of the reconstruction, patient compliance, and 
patient response to previous immobilization. Early protected 
motion can begin with the elbow in a hinged brace with the 
forearm pronated. Supination is gradually allowed after the 
first 2 weeks postoperatively. The brace may be removed for 
sedentary activities after 6 weeks and discontinued after 
12 weeks. Full activity is not allowed until 6 months postop-
eratively [7].

After MCL reconstructions, patients are allowed con-
trolled motion in a hinged elbow brace for 3 weeks starting 
at 30–100° and progress to full motion in an unlocked brace 
at 3–4 weeks. At 4–6 weeks, sports-specific activity, includ-
ing elbow function and light isotonic exercises are initiated. 
At 12 weeks, gentle, progressive, pain-free throwing in the 
brace is undertaken, with removal of the brace at 16 weeks 
postoperatively. During this throwing rehabilitation phase, 
patients are restricted if any symptoms regarding the medial 
collateral ligament occur and are allowed to resume progres-
sive throwing program only when asymptomatic.
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Acute Distal Biceps Tendon Ruptures

Massimo Ceruso and Giuseppe Checcucci 

Introduction

Rupture of the distal biceps tendon is a rare injury; the inci-
dence has recently been reported to be 1.2 per 100,000 
patients per year [7].

The apparent increasing frequency of these ruptures has 
led to growing interest in the treatment of such injuries. 
Distal rupture of the biceps tendon is an injury affecting 
mainly men in the 5th or 6th decade [7].

The usual mechanism is an eccentric load of the flexed 
elbow. Bicipital bursitis, narrow space between ulna and 
radius in pronation and abuse of steroids and nicotine are 
factors discussed in literature as possible etiology for a rup-
ture of the distal biceps tendon [8].

Anatomical reinsertion of the ruptured distal biceps ten-
don has become the treatment of choice for patients wishing 
to achieve full strength recovery after distal biceps rupture.

The original repairing technique required two large inci-
sions [2]; recently, with the introduction of suture anchors, 
it has become possible to repair the distal biceps through a 
single anterior incision [5].

Surgical Technique

Two-Incision Surgical Technique

Boyd and Anderson [2] initially proposed a two-incision sur-
gical approach to avoid permanent, partial radial nerve inju-
ries reported after use of a single anterior incision in which 
the radial nerve was exposed and retracted.

The patient is in supine position and a tourniquet is applied 
to the arm. A transverse incision is made at the elbow flexion 
crease (Fig. 1). The dissection is carried out through the sub-
cutaneous tissue, exposing the hematoma, which is then evac-
uated. Occasionally, the tendon does not retract, so the tendon 
sheath gives the false impression that the tendon is in continu-
ity. The bulbous tendon stump is retrieved, debrided, and 
secured with heavy, nonabsorbable Bunnell sutures. A curved 
hemostat is then passed through the biceps tendon sheath 
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toward the radial tuberosity between the radius and the ulna. 
A longitudinal skin incision is made over the palpable tip of 
the hemostat on the dorsal aspect of the proximal forearm 
(Fig. 2). A burr is then used to excavate the cancellous bone 

from the tuberosity (Fig. 3). The sutures are passed and the 
distal biceps tendon is then secured into the bone hole.

One-Incision Surgical Technique

Single anterior incision techniques designed to accurately 
expose the bicipital tuberosity and avoid exposure and retrac-
tion of the radial nerve have become increasingly popular. 

Fig. 1 Transverse incision is made at the elbow flexion crease

Fig. 2 Longitudinal skin incision is made over the palpable tip of the 
hemostat on the dorsal aspect of the proximal forearm

Fig. 3 Burr is used to excavate the cancellous bone from the 
tuberosity

Fig. 4 Transverse incision at or just distal to the elbow flexion crease. 
If required this incision can be extended proximally and distally for 
additional exposure or retrieval of the tendon stump
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Several reports have proved the safety and the efficacy of a 
directed, single anterior incision approach [1, 5].

The single-incision approach consists of a transverse inci-
sion at or just distal to the elbow flexion crease. If required 
this incision can be extended proximally and distally to favor 
additional exposure or retrieval of the tendon stump (Fig. 4). 
The lateral antebrachial cutaneous nerve is early found with 
this approach at the elbow joint level; the nerve divides into 
anterior and posterior branch [6].

Dissection is performed down to the radial tuberosity at 
the distal, ulnar border of the supinator while the forearm is 
held in supination. Visualization is obtained using right angle 
retractors and gentle retraction.

Full supination helps in exposing the posterior radial 
tuberosity. One or two anchors are placed along the posterior 
radial tuberosity (Fig. 5).

Discussion

Anatomical reinsertion is the best treatment for active, com-
pliant patients with acute, complete distal biceps tendon rup-
tures. Transosseous suture technique (two-incision) as well as 

most device-based techniques (one-incision) show sufficient 
strength to allow early rehabilitation after refixation of the 
distal biceps tendon. Biceps tenodesis, performed with the 
two different techniques, is a safe, highly reliable and effec-
tive procedure; however, clinically significant complications 
may occur with either methods.

Heterotopic ossification and subsequent proximal radio-
ulnar synostosis are possible complications primarily repor-
ted in the two-incision technique [4].

The posterior interosseous nerve damage is more fre-
quently reported in the one-incision technique [3].

We think, therefore, that the decision about technique and 
approach to use for repairing a distal biceps tendon rupture 
should be based upon surgical preference, training, and com-
fort with the technical procedure.
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Common Fractures in Sports

Mahmut Kömürcü and Gökhan Çakmak 

Elbow fractures are 5% of all fractures and they are usu-
ally seen in older females and young males. Proximal ulna 
and radius fractures involve most of the fractures and distal 
humerus fractures account for 0.5% of all fractures. Radial 
head fractures are the most common one (56% of all fractures 
of the proximal forearm). The incidences of other proximal 
elbow fractures are as follows: olecranon 20%, radial neck 
20%, both radius and ulna fractures 4% respectively [6].

Most of the patients have elbow fractures after falling 
from a standing height (>60%) and sports injuries (>15%). 
More than 99% of them are closed injuries[6].

Radial Head and Neck Fractures

The radial head is an important structure, which provides 
the stability of the elbow and forearm. It has a buttress effect 
to prevent the axial migration of the radius and resists pos-
terior migration of the elbow. Haemarthrosis visible on a 
lateral x-ray of the elbow is the only evidence of the radial 
head or neck fracture (Fig. 1). Minimally displaced frac-
tures can be diagnosed by radiocapitellar views (Fig. 2). 
Computed tomography (CT) can be used at communited 
and complex fractures for diagnosis and preoperative plan-
ning (Fig. 3) [6].

The first classification of radial head fractures was made 
by Mason in 1954. The classification is as follows [6]:

Type 1: undisplaced
Type 2: displaced
Type 3: comminuted fractures involving the whole head

In 1987 Broberg and Morrey modified Mason’s classifica-
tion [6]. There are four types of radial head fractures:

Type 1: <2 mm displacement
Type 2: >2 mm of displacement and >30% involvement of 
the head
Type 3: comminution involving the whole head
Type 4: radial head fracture associated with an elbow 
dislocation
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Hotchkiss further modified this classification according to 
the elbow’s range of motion. There are three types [6]:

Type 1: has no mechanical block to movement and any 
restriction is due to pain and/or haemarthrosis
Type 2: has a mechanical block despite aspiration of 
haemarthrosis
Type 3: has a mechanical block necessitating excision of 
the radial head to restore movement (the radial head is not 
reconstructable and must be replaced)

Radiographic surgical indications of radial head fractures 
are [3]:

1. Neck fracture with greater than 15° of angulation or 
greater than 25% displacement

2. Intra-articular fractures greater than 25% of the radial 
head with more than 2 mm of articular step-off or that cre-
ate a mechanical block to motion

3. Essex-Lopressti injury with longitudinal radial instability 
or elbow varus-valgus laxity that may be caused by con-
comitant collateral ligament injury

Surgical strategy of radial head fractures can be summarized 
according to Mason’s classification as follows [3]:

Tip I: early active mobilization
Tip II: early active mobilization/ORIF (Open reduction 
and internal fixation) (Fig. 4)
Tip III: ORIF/excised (radial head replacement may be 
considered)
Tip IV: ORIF/excised (radial head replacement)

The authors describe arthroscopic radial head resection in 
patients with post-traumatic arthritis after fractures of the 
radial head. Arthroscopic radial head resection allows the 
surgeon to evaluate the intrinsic joint pathology such as syn-
ovitis, capsular contracture, or loose bodies. Arthroscopic 
treatment allows the patient to begin and maintain an early 
aggressive postoperative physical therapy program. This will 
decrease the risk of anterior scarring and joint contracture of 
the elbow [10, 11].

Fig. 1 Lateral radiographic view of the radius head fracture

Fig. 2 Radiocapitellar radiographic view of the radius head fracture

Fig. 3 Coronal CT scan of the fracture line
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Olecranon Fractures

Olecranon fractures are common injuries of the proximal 
ulna (10% of all upper extremity fractures). Olecranon frac-
tures may be caused by direct injury to the elbow joint or 
avulsion by the indirect forces of triceps muscle during a fall 
on a partially flexed elbow.

Olecranon stress fractures in throwing athletes may 
occur as a result of repetitive microtrauma caused by ole-
cranon impingement or excessive triceps tensile stress. 
Early radiographs may be normal, and MRI (Magnetic 
 resonance imaging), CT, or bone scan are often diagnostic 
[1, 13, 16].

Chalidis et al., observed that the incidence of olecra-
non fractures showed a higher prevalence among men 
until the 5th decade of life and among women in older 
ages [4]. Rommens et al. reported that almost 50% of 
males with olecranon fractures were between 21 and 
40 years of age and 40% of females were between 61 and 
80 years old [15].

The olecranon fractures can be classified according to AO 
classification in three types: Type A – extra-articular, type B – 
partial articular, type C – intra articular [12].

Colton’s classification of olecranon fractures are as fol-
lows [5]:

Type A: fractures are typically avulsion fractures.
Type B: are oblique fractures which may also be 
comminuted.
Type C: are those where there is a fracture dislocation.
Type D: are unclassifiable.

Morrey classification system takes into account the amount 
of displacement and comminution. Type 1 – undisplaced and 
stable, Type 2 – displaced but the elbow stable, Type 3 – dis-
placed and the forearm is unstable with respect to the distal 
humerus. This classification has sub-classifications; Type A 
un-comminuted, and type B comminuted [2].

According to the intra-articular extension of fractures, 
anatomic reduction and early mobilization should be 
achieved. The only absolute indication for olecranon fixation 

a b

c d

Fig. 4 (a) Anteroposterior view 
of the radius head fracture;  
(b, c) the exposure and fixation 
of the fracture with anatomic 
plate and screws; (d) postopera-
tive anteroposterior view of the 
radius head fracture
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is associated instability. Therefore 95% of fractures which 
are displaced should be treated with operatively (Fig. 5) [2].

Coronoid Fractures

The coronoid process of the ulna is crucial for posterior sta-
bility of the elbow. The coronoid fractures are usually associ-
ated with other fractures or ligamentous injuries. Regan and 
Morrey classified these fractures in three types according to 
the size of the coronoid fragment. They subdivided each type 
into A and B, with or without elbow dislocation.

Type 1: involves only the tip
Type 2: < 50% of the total height
Type 3: > 50% of the total height

Type III fractures involve greater than 50% of the coronoid 
process and they usually require open reduction and internal 
fixation to avoid recurrent instability. On the other hand, 
nonoperative treatment was recommended for Type I 
fractures.

O’Driscoll et al. made a classification and told that insta-
bility may also occur with small fragments. The classifica-
tion is as follows; Type I involves only the tip (A < 2 mm, 
B > 2 mm), type II involves the anteromedial (A, B, C) and 
type III involves more than 50% of the height (A, B) [14].

Conventional treatment of coronoid fractures is open 
reduction and internal fixation, but it requires extensive 
exposure and detachment of the anterior capsule may threaten 
the vascularity of the fragment (Fig. 6). Arthroscopic tech-
niques can provide excellent visualization of the joint and 
minimal surgical dissection. Arthroscopy also preserves soft 

a
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Fig. 5 (a–c) Preoperative radiographic lateral view and exposure of the olecranon fracture; (d–f) radiographs and photographs of the olecranon 
fracture after ORIF (g, h); postoperative elbow range of motion after surgery
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tissue attachments [9]. Hausman et al., applied arthroscopic 
assisted repair of the coronoid fractures successfully with 
less soft tissue dissection [9].

Distal Part of the Humerus

These fractures are more common in elderly females with 
osteoporotic bone. Although routine plain radiographs may 
be helpful for diagnosis of the fractures, CT scan may be 
needed to understand the configuration of the fracture and 
preoperative planning.

The fractures can be classified as being extra-articular, 
intra-articular or exclusively articular where the fracture 
lines do not extend into the metaphyseal bone.

The AO alphanumerical system describes these fractures 
as group 13 with type A being extra-articular, type B partial 
articular and type C intra-articular.

Riseborough and Radin classified “T” shaped fractures 
into four subtypes:

Type 1: undisplaced
Type 2: displaced without rotation
Type 3: displaced and rotated
Type 4: comminuted and grossly displaced

Jupiter and Mehne classify distal humeral fractures accor-
ding to the configuration of the fracture. They are des-
cribed as high and low “T” shaped, “Y” shaped, “H” 
shaped and lateral and medial “lambda” configura - 
tions [6].

a b c

d e

f g h

Fig. 6 (a, b) Fracture and dislocation of the elbow (radius head-ulna coronoid fracture) – radiographic and CT view; (c–f) exposure and ORIF of 
the coronoid fracture; (g, h); postoperative radiographs
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The complications of surgery are severe comminution, 
bone loss, and osteopenia. Anatomic locking plates have 
improved the treatment of these injuries. Sanchez-Sotelo 
et al. evaluated a group of patients whose complex distal 
humeral fractures were fixed with parallel plates (Fig. 7). 
This fixation technique maximizes fixation in the distal frag-
ments and gain stability at the supracondylar level through 
screw fixation in the distal segment.

Hardy et al. treated a type I Hahn–Steinthal capitellum 
fracture by screw fixation under arthroscopic control. The 
arthroscopic approach allows a better evaluation of associ-
ated lesions compared with the open surgery with less dam-
age to periarticular soft tissues and has a lower morbidity 
compared with open surgery (Fig. 8) [7].

Hausman et al. performed arthroscopy assisted percutane-
ous pinning of pediatric lateral humeral condyle fractures 
and had satisfactory results. This procedure decreases the 
risk of a vascular necrosis and malunion [8].

Complications of Elbow Fractures

Elbow stiffness can be treated with physiotherapy and con-
tracture correction splints. If the patients do not respond to 
these therapies, serial casting under general anesthesia can be 
performed. Open or arthroscopic arthrolysis can be performed 
at resistant cases. The risk of neurovascular complications at 
arthroscopic arthrolysis is decreased by the improvement of 
the technique. Constrained elbow arthroplasty may be an 
treatment option at geriatric patients whose contractures could 
not be resolved by conventional treatment methods [6].

The incidence of ulnar nerve dysfunction is approximately 
12% with 5% being permanent. The incidence of acute ulnar 
nerve injury either due to trauma or surgical injury is proba-
bly around 1%. The ulnar nerve palsy may be related to acute 
injury or compression of fibrous and bony tissue [6].

Heterotopic ossification is the most difficult problem after 
traumatic injury of the elbow. The incidence of heterotopic 

a b c
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Fig. 7 (a–c) AO type C distal humerus fracture (intraoperative photographs); (d, e) postoperative radiographs
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ossification is below 3% at the cases without head injury. 
The incidence is same at the cases which are treated opera-
tively or nonoperatively similar whether the fracture is 
treated operatively or non-operatively. Aggressive stretching 
exercises after surgery may increase the risk of this compli-
cation [6].

Non-union is reported at 2–10% of patients and usually 
occurs in the supracondylar region. Further fixation with or 
without bone graft and conversion to elbow arthroplasty may 
be chosen for treatment options. Instability, posttraumatic 
arthritis (84%), and infections (<5%) are other complications 
of elbow fractures [6].

In conclusion, elbow fractures are common in sports inju-
ries. The trauma mechanism must be evaluated before decid-
ing treatment options. As many fractures can be treated 
conservatively, understanding the fracture pattern and stable 
rigid anatomical fixation are very important if surgery must 
be applied. Arthroscopic surgery may be a good option for 
elbow surgery because the surgical techniques and implants 
improve day by day.
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Fig. 8 (a) Preoperative 
radiographic view of the distal 
humerus capitellum fracture;  
(b, c) preoperative CT scan;  
(d) postoperative lateral view
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Triangular Fibrocartilage Complex  
Tears in the Athlete

Akın Üzümcügil, Gürsel Leblebicio lu, and Mahmut Nedim Doral

It is essential for the athlete to maximize performance in 
sports that require full, pain free range of motion at the 
forearm, wrist, and hand [10]. Injury to the triangular 
fibrocartilage can occur as a result of athletic activity rang-
ing from racquet sports to basketball to contact sports like 
judo [7].

Evolution

The use of the arms and hands for functions other than mobil-
ity makes the difference between other animals and humans. 
Among these anatomic differences involves the distal radi-
oulnar joint (DRUJ). Four hundred million years ago a prim-
itive fish, the Crossopterygian, had the first bony extremity. 
Two hundred and thirty million years ago primitive mam-
mals evolved with a syndesmotic DRUJ. As early primates 
began swinging through the trees from branch to branch, 
pronosupination evolved with a synovial DRUJ to facilitate 
locomotion. Thus, the human DRUJ is the prime feature that 
separates man from other animals [1].

Anatomy

The distal ulna has two articulating surfaces as radioulnar 
articulation and ulnoligamentous articulation. DRUJ has 
three key roles. These are to allow pronosupination of fore-
arm, separation of hand function from forearm position and 
to share load at the wrist joint [11].

The triangular fibrocartilage complex (TFCC) comprises 
the articular disk, which provides gliding surface, the dorsal, 
and volar radioulnar ligaments, which are main stabilizers 
of DRUJ, meniscus homologue, extensor carpi ulnaris 
(ECU) tendon sheath, and ulnolunate and ulnotriquetral 
 ligaments [14].

The dorsal radioulnar ligament attaches to dorsal ridge 
of sigmoid notch and volar radioulnar ligament attaches to 
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palmar ridge of the sigmoid notch. These ligaments passes 
obliquely and ulnarly to attach to on the ulnar head at the 
fovea [9] (Fig. 1). The conjoined fibers insert onto the ulnar 
styloid process. The ligamentum subcruentum is the space 
proximal to the conjoint tendon between its fovea and sty-
loid attachments which is filled with blood vessels and 
loosely organized connective tissue [5]. The dorsal radioul-
nar ligament splits ulnarly to form the subretinacular 
sheath for the ECU tendon. The volar radioulnar ligament 
forms proximal attachment of the ulnolunate and ulnotri-
quetral ligaments [2].

The articular disk is a variably thick sheet of fibrocarti-
lage between the volar and dorsal radioulnar ligaments. The 
articular disk is thicker in ulnar minus individuals and thin-
ner in ulnar positive patients.

The prestyloid recess is a normal recess that lies at the 
ulnar junction between the ulnotriquetral ligament and 
volar radioulnar ligament. This may be variable in size 
and makes confusion with peripheral tear of the articular 
disk. This recess is volar to the normal location of a 
peripheral tear.

Another normal structure which can be seen in normal 
individuals during wrist arthroscopy is pisotriquetral orifice. 
The articular facet of the psiform and tendon of the flexor 
carpi ulnaris can be seen through this orifice.

Blood supply to TFCC is by ulnar artery, dorsal, and volar 
branches of anterior interosseous artery. These blood vessels 
penetrate only 10–40% of the TFCC. The central section and 
the radial attachment are avascular.

DRUJ innervation is derived mostly from the anterior 
interosseous nerve on the ulnar side and by some lesser 
contributions from the posterior interosseous nerve [18]. 
Toward TFCC, high density of free nerve endings is identi-
fied in the ulnar side of the articular disk [16]. These nerve 
endings may explain the pain associated with TFCC 
injuries.

Biomechanics

Forearm rotation of up to 150° occurs at the DRUJ with 
distal radius and fixed hand rotating about the ulnar head. 
Ulnar variance varies with forearm rotation. Supination 
causes a negative ulnar variance because of proximal migra-
tion of the ulna, and pronation causes a positive ulnar vari-
ance because of distal migration of ulna. There is also 
modest lateral movement of the ulnar head in a direction 
opposite that taken by the distal radius of up to 8–9° during 
pronation and supination [15]. Therefore, the ulnar head 
also moves within the sigmoid notch in a dorsal direction 
with pronation and in volar direction with supination. The 
TFCC transmits approximately 20% of an axial load from 
the ulnar carpus to the distal ulna [11], but the amount of 
load varies with ulnar variance.

Mechanism of Injury

Traumatic athletic injuries of the TFCC result from a fall on 
the outstretched hand or hyperrotation injury to the forearm. 
Degenerative athletic lesions of the TFCC, which usually 
occur in senior athletes, are a result of repetitive forearm 
rotation [12].

Diagnosis

Patients suffering from TFCC injury often experience 
discomfort and pain on the ulnar corner of the wrist which 
is worse on active grip, rotation, and ulnar deviation. 

Fig. 1 The dorsal radioulnar ligament and volar radioulnar ligament 
passes obliquely and ulnarly to attach on the ulnar head at the fovea
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Patients sometimes experience clicking and locking on 
the wrist.

Physical examination reveals focal tenderness on the ulnar 
side of the wrist. Another described physical examination is 
fovea sign [17]. When the pressure is applied on the foveal 
region of ulnar side of the wrist between flexor carpi ulnaris 
and extensor carpi ulnaris it replicates the patient’s pain. This 
represents either a foveal disruption of TFCC and/or ulnotri-
quetral ligament injury. This is the most specific clinical 
examination for injuries of TFCC at these locations. The 
ulnocarpal stress test (Nakamura test) is a provacative test 
for ulnocarpal abutment syndrome (degenerative injury to 
the TFCC) [8]. The ulnocarpal stress test is performed as the 
examiner produces ulnar deviation of the wrist and rotates 
the forearm. It is a useful test for ulnar-sided wrist pain. The 
piano key test is a good test to isolate distal radioulnar joint 
pathology. Ballotment of the ulna is performed by the exam-
iner to the two wrists to access instability.

Imaging Studies

One can diagnose DRUJ pathology on plain x-rays. This can 
reveal the following signs of DRUJ instability and rupture. 
(1) Ulnar base fracture (Fig. 2), (2) widening of DRUJ on AP 

of the wrist (or abnormal overlap), and (3) clear dislocation 
on the lateral view (Figs. 3 and 4), greater than 5 mm ulnar 
negative variance [11].

Computed tomography of both wrists in neutral, prona-
tion, and supination can be useful, particularly, in demon-
strating bony impaction and dislocation. MRI, with or 
without the injection of intra-articular contrast medium, is 
the primary imaging method although its accuracy rates for 
detection of a tear of the TFCC can be between 76% and 
79% [4] (Fig. 4), and the gold standard for  evaluating TFCC 
tear with greater accuracy is wrist arthroscopy.

Differential Diagnosis

Causes of ulnar-sided wrist pain are as follows [19]:Fig. 2 Ulnar base fracture

Fig. 3 DRUJ dislocation in lateral x-ray

Fig. 4 Coronal T1 MR arthrogram shows disruption of the TFCC 
attachment
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Classification of TFCC Tears [13]

Class 1: Traumatic
A: Central perforation
B: Ulnar avulsion

With distal ulnar fracture
Without distal ulnar fracture

C: Distal avulsion
D: Radial avulsion

With sigmoid notch fracture
Without sigmoid notch fracture

Class 2: Degenerative (ulnocarpal abutment syndrome)
A: TFCC wear
B: TFCC wear

+Lunate and/or ulnar chondromalacia
C: TFCC perforation

+Lunate and/or ulnar chondromalacia
D: TFCC perforation

+Lunate and/or ulnar chondromalacia
+L-T ligament perforation

E: TFCC perforation
+Lunate and/or ulnar chondromalacia
+L-T ligament perforation
+Ulnocarpal arthritis [12]

Treatment

Debridement of central tears of TFCC tears in the athlete with 
neutral or negative ulnar variance is the treatment of choice [3]. 
In TFCC tears, if there are symptoms ongoing with conserva-
tive treatment, repair is indicated. In the elite athlete popula-
tion, there is a trend toward all-inside arthroscopic repair 
technique [6, 20]. All-inside technique incorporated existing 
technology that is currently in use for knee arthroscopy. Early 
clinical results are favorable, and biomechanical studies are 
underway to evaluate this technique.
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Carpal Instability in Athletes
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Introduction

The wrist, which is the most complicated joint of the body 
permits movements in three planes; flexion/extension, ulnar 
deviation/radial deviation, pronation/supination and allows 
complex patterns of motion under significant strain. Optimal 
wrist function requires stability of the carpal components in 
all joint positions under static and dynamic conditions. 
Stability is achieved by a sophisticated geometry of articular 
surfaces and an intricate system of ligaments, retinacula and 
tendons. Instability of the wrist is a condition of altered joint 
kinematics in which one or several carpal bones are permit-
ted abnormal patterns of motion as a result of bony abnor-
malities, ligamentous lesions or joint laxity [6]. Falling on to 
the outstretched hand is the main risk in athletic sports, par-
ticularly jumping, gymnastics, climbing, skating and skiing. 
Also in basketball, netball, volleyball and handball the mov-
ing ball is struck directly by the hand, which is therefore at 
considerable risk of injury [2]. Understanding of the carpal 
instability requires knowledge of the anatomy and kinemat-
ics of the carpus.

Anatomy

Bones

Seven carpal bones are connected to each other and to the 
distal radius, providing interdependent intercarpal and 
radiocarpal movability that result in special patterns of car-
pal bone motion [12]. The bones of the carpus can be thought 
of as lying in two rows. The proximal row consists of the 
scafoid, the lunate, the triquetrum. The psiform is a sesam-
oid bone in the tendon of the flexor carpi ulnaris and is not 
a functional part of the proximal row. The distal row bones, 
the trapezium, the trapezoid, the capitate, and the hamate, 
forms a stable platform upon which the metacarpals ride 
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and there is very little motion between these bones (Fig. 1). 
The midcarpal joint is the confluent articulation between the 
proximal and distal carpal rows. The scaphoid occupies a 
unique position, as it spans the midcarpal joint and forms an 
osseous link between two rows [26].

The geometry of the lunate is the most important bone in 
the mechanism of the carpal joint [12]. The lunate has a 
larger proximal-distal diameter at its palmar than at its dorsal 
aspect. The wedge shape of the lunate is observed not only in 
a palmar-dorsal but also in a radial-ulnar direction with the 
smaller diameter lying radially. These geometrical features 
strongly dispose the lunate to rotate dorsally and to move 
ulnary. In conjunction with the interactive stabilization pro-
vided by the scaphoid and the triquetrum, it determines the 
position of the lunate between radius and capitate [12].

Ligaments

Intrinsic Ligaments: Each bone is relatively tight and 
securely bound to its neighbors by strong interosseous liga-
ments. The intrinsic ligaments at the proximal row include 
the scapholunate interosseous ligament (SLIL) and the 
lunotriquetral interosseous ligament (LTIL). Both have a 
C shaped sagittal contour due to their origin around the con-
vex proximal perimeters of the bones. The ligaments are 
thickened dorsally and palmarly and have a relatively thin 
membranous portion centrally. The thickest and strongest 

region of the SLIL is located dorsally and that of the LTIL 
is located palmarly [25].

Extrinsic Ligaments: In addition to the intrinsic ligaments, 
the wrist has the dorsal and palmar capsular ligaments which 
are thickenings of the capsule. The dorsal capsular ligaments 
include the dorsal radiocarpal ligament and dorsal intercar-
pal ligament. The dorsal radiocarpal ligament originates 
from the dorsal rim of the distal radius and extends ulnarly 
and distally to attach to the lunate, LTIL and dorsal part of 
the triquetrum [30]. Therefore, the dorsal radiocarpal liga-
ment may be especially important as an accessory stabilizer 
of the lunotriquetral and radiocarpal joints [31].

The palmar extrinsic ligaments are described as consisting 
of the radioscaphocapitate (RSC), long radiolunate (LRL), 
short radiolunate (SRL), ulnolunate (UL), ulnotriquetral 
(UT) ligaments [3, 29]. In addition, Taleisnik described the 
RSC and triquetrocapitate ligaments as crossing the midcar-
pal joint and, together, forming the so-called V, deltoid, or 
arcuate ligaments [29]. The space of Poirier is located between 
the RSC and LRL ligaments, at the level of the midcarpal 
joint and is a mechanically weak area of the palmar wrist cap-
sule between the proximal and distal rows [9].

Kinematics

There are two accepted theories, the columnar and oval-ring 
concepts that have been used to explain carpal kinematics. 
According to the columnar carpus concept, introduced by 
Navarro and modified by Taleisnik, carpus is aligned as a 
series of three longitudinal columns [9]. The flexion and 
extension occur through the central column including the 
lunate, the capitate, the hamate, the trapezium and the trap-
ezoid. The scaphoid included in lateral column is considered 
to be the stabilizing link for the midcarpal joint. The tri-
quetrum existing at the medial column is thought to be the 
pivot point for carpal rotation.

According to the oval-ring theory described by Linscheid 
and Lichtman, characterized the carpus as a ring that allows 
reciprocal motion during radial-ulnar deviation and flexion-
extension of the wrist [17, 18]. Motions of the wrist occur 
reciprocally between the radiocarpal and midcarpal joints.  
A dissociation of the proximal carpal row at any point in the 
ring results in carpal instability [9].

Injury Mechanism

The common mechanism of the carpal injuries is a fall on the 
outstretched, extended and ulnarly deviated wrist. If the 
 thenar area hits the ground first, supination factor is added to 

Fig. 1 The bones of the wrist joint on P-A radiography. R radius,  
U ulna, S scaphoid, L lunate, T triquetrum, H hamate, C capitate, 
Tz trapezoid, Tr trapezium



Carpal Instability in Athletes 241

the extension and compression forces [27]. These forces may 
also disrupt the radial side wrist ligaments. If the hypothenar 
area strikes the ground first, dorsal ulnar-triquetral ligament, 
LTIL and anterior midcarpal capsule may be injured.

Classification of the Carpal Instabilities

According to the Linscheid et al. [36], the carpal instabilities 
can be classified into four groups [27]. These are dorsal 
intercalated segment instability (DISI), palmar intercalated 
segment instability (PISI), ulnar translocation and dorsal 
translocation. In DISI, the lunate is abnormally extended 
relative to radius. In PISI, the lunate is flexed with respect to 
the radius.

Taleisnik [37] described the static and dynamic instability 
patterns [27]. Static instability is a carpal malalignment that 
can be shown on standard radiographs. Dynamic instability 
exists after partial ligament injuries and there is no carpal 
malalignment on standard radiographs. It is diagnosed by 
dynamic radiographs or arthroscopy.

The carpal instabilities can be classified into four major 
groups which are introduced by Dobyns [38]:

1. Dissociative Carpal Instability (CID): This type of instabil-
ity may occur when there are major ligament lesions between 
the bones of the same carpal row. CID is subdivided into 
proximal (scapholunate and lunotriquetral dissociations) 
and distal (capitate-hamate axial disruptions).

2. Non-dissociative Carpal Instability (CIND): This type of 
instability indicates an injury to the major extrinsic liga-
ments. There is a disfunction between the rows. CIND 
may be subdivided into radiocarpal with injured radiocar-
pal ligaments that results ulnar translation of the carpus 
and midcarpal with injured triquetral-hamate-capitate 
ligament.

3. Complex Carpal Instability (CIC): If the CID and CIND 
exist together, it is classified as CIC for instance perilu-
nate dislocations.

4. Adaptive Carpal Instability (CIA): CIA indicates that car-
pal instability resulting from an external cause, such as 
severe malunion of the distal radius. Wrist alignment is 
changed, not because of an intrinsic cause, but as an adap-
tation to an extrinsic pathology.

Diagnosis

Clinical Diagnosis: Pain, weakness, giving-way and click or 
snap during use are the main symptoms of the carpal instabili-
ties. Swelling is observed in acute injuries. On the physical 

examination, localization of the pain with palpation is the 
most critical and specific clinical sign but it is difficult for 
patient and physician in acute cases. Each joint should be 
assessed for localized tenderness and abnormal motions. The 
ranges of motion and grip strengths of the injured and unin-
jured sides should be measured comparatively.

After 2 or 3 weeks of the acute injury, special tests for 
carpal instability can be performed. Scapholunate ballotte-
ment test is an attempt to detect abnormal motion between 
the lunate and scaphoid. The Watson test is also testing the 
scapholunate instability [27]. With the wrist in ulnar devia-
tion, scaphoid is stabilized in extension. Then wrist is devi-
ated radially and flexion of the scaphoid is resisted by the 
physician’s thumb. In case of instability, the proximal pole of 
the scaphoid shifts dorsally and pain is elicited. The lunotri-
quetral ballottement test is also used for lunotrequetral insta-
bility. The positive result is defined as the ability to displace 
the triquetrum in a dorsal-palmar direction with respect to 
the lunate [24].

Imaging: Radiographs are essential in the evaluation of 
carpal instabilities. Six radiographs are made when the insta-
bility is suspected. These are posterior-anterior (PA), lateral, 
radial and ulnar deviation, flexion and extension views [9]. 
An additional PA radiograph with a clenched fist is made to 
detect scapholunate dissociation. Radiographs of the contral-
ateral wrist should be obtained for comparison.

On the PA view, Gilula’s lines are examined and the dis-
ruption of these lines may indicate carpal pathology. Also, 
the width of the SL gap is measured on the PA radiograph 
and it should be no greater than that of the LT gap. The 
amount of separation necessary to suggest an SL dissocia-
tion has varied in the literature from 2 to 4 mm. The increased 
space of the SL is called Terry Thomas sign [1] (Fig. 2). The 
other sign on the PA view suggestive of the SL dissociation 
is the cortical ring sign. The distal half of the scaphoid is 
seen end-on because of the abnormally vertical position of 
the bone. In this condition, there also is decreased carpal 
height as determined by the fixed ratio between the length of 
the third metacarpal and the length of a line drawn from the 
base of the third metacarpal to the distal part of the radius; 
the normal ratio is 0.54 [20].

On the lateral view, the scapholunate angle is measured 
which is ranged normally from 30° to 60° (Fig. 3). The angle 
grater than 60° and dorsal flexion of the lunate may represent 
SL dissociation. When the patient has LT instability, the lat-
eral radiograph shows decreased scapholunate angle of less 
than 30° and palmar flexion of the scaphoid and lunate. The 
capitolunate angle between the lunate and capitate long axis 
is another parameter on lateral radiograph and the normal 
value is ranged from 0° to 30°.

Arthrography of the wrist, is another useful but  
minimal invasive imaging technique in the diagnosis of 
carpal instability. It can demonstrate the defects of the 
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interosseous ligaments. However, arthrography does not 
reliably demonstrate the degree or exact location of the 
interosseous ligaments, subtle ligamentous laxity or chon-
dral lesions [22]. Greater sensitivity can be achieved by 
injection contrast material into midcarpal, radiocarpal and 
distal radioulnar joints (triple phase injection) [9]. Contrast 

material injected into the midcarpal joint does not pass 
into the radiocarpal joint unless there is an intrinsic liga-
ment disruption [9] (Fig. 4).

Special investigations including bone scans, computer-
ized tomography (CT) and magnetic resonance imaging 
(MRI) may be useful for painful wrist problems. However, 
sensitivity and specificity of these techniques for cases with 
carpal instability is generally limited [9].

Because of the limitations of diagnostic techniques, 
arthroscopy has been the gold standard for the diagnosis of 
carpal instability [27]. Recent reports are showed that 
arthroscopic evaluation of the wrist is more accurate and 
specific than the other diagnostic tools [5, 35]. In addition, 
the extent and exact location of ligament injuries, condi-
tion of the articular cartilage, the presence of sinovitis can 
be assessed and treated at the same time with the arthros-
copy [26]. Wrist arthroscopy includes examination of 
radiocarpal and midcarpal joints. In the radiocarpal joint, 
interosseous ligaments, triangular fibrocartilage complex 
and palmar extrinsic ligaments are assessed. Midcarpal 
arthroscopy must be performed routinely. The space 
between the carpal bones is evaluated for evidence of liga-
mentous injury or laxity.

Fig. 3 S-L angle on the lateral radiography

Fig. 4 Radiocarpal arthrography of a patient with SLIL and TFCC dis-
ruption. Contrast material fills the scapholunate interval (black arrow) 
and cross from radiocarpal into the midcarpal joint and distal radioulnar 
joint (white arrow)

Fig. 2 S-L dissociation (arrow) is seen on the P-A radiography which 
is called Terry Thomas sign
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Treatment of Common Carpal Instabilities

Scapholunate Dissociation

The most common form of carpal instability is between the sca-
phoid and lunate bones. The primary stabilizer of the scaphoid 
is the dorsal part of the SLIL. Injury of this ligament leads to 
progressive flexion of the scaphoid and migration of the sca-
phoid away from the lunate [28]. It results DISI pattern of car-
pal collapse. With time the capitate moves proximally between 
the scaphoid and lunate (SLAC wrist) and degenerative changes 
occur at the radioscaphoid and lunucapitate joints [28].

For an acute injury that occurred less than 6 weeks previ-
ously, treatment attempt should be made to bring about heal-
ing of the injured SLIL. Most authors agree that open reduction 
and stabilization of the scapholunate relationship with K-wires 
as well as open repair of the ruptured SLIL with small bone 
suture anchors and augmentation with a dorsal capsulodesis 
[7, 28] (Fig. 5). K-wires are removed at 8–10 weeks; progres-
sive rehabilitation is then instituted. Return to contact sports 
takes 4–6 months [28]. Patients with acute partial tear of SLIL 
can be treated with closed reduction and arthroscopically or 
radiographically guided pinning [26] (Fig. 6).

If the diagnosis is delayed for 3 months or more, SLIL 
repair becomes more difficult. There are many techniques to 
treat chronic SL dissociation, ranging from arthroscopic deb-
ridement to SLIL reconstructions with capsulodesis and lim-
ited intercarpal fusions [1]. Weis et al. showed in patients 
with a suspected intercarpal ligament tear and normal radio-
graphs, arthroscopic debridement provided improvement or 
symptom resolution [1]. Lavernia, Cohen and Taleisnik 
advocated direct repair of SLIL and dorsal capsulodesis for 
most patients in which there was no degenerative changes, 
regardless of the injury chronicity [16]. Brunelli introduced 
his technique for the treatment of chronic cases. A slip of 
flexor carpi radialis tendon is passed throughout a tunnel 
pierced in the distal pole of the scaphoid. The slip is then 
sutured to the dorso-ulnar ridge of the distal radius with cor-
rection of both the dissociation and the scaphoid flexion [4]. 
Also, some authors prefer to perform intercarpal arthrodesis 
such as scaphoid-trapezium-trapezoid (STT) or the sca-
phocapitate joint arthrodesis [7, 13]. Watson, Kleinman, 
Steichen and Strickland presented good results with STT 
arthrodesis [14, 34]. But following limited intercarpal arthro-
desis, flexion-extension and ulnar-radial deviation motion 
ranges are limited [21, 23, 33, 34]. The most common com-
plications of these procedures are nonunion and radiosca-
phoid impingement [8, 10, 19]. In this reason some authors 
have recommended that radial styloidectomy be carried out 
at the time of intercarpal arthrodesis [9].

Chronic cases with extensive degenerative changes at 
the radioscaphoid and lunocapitate joints are treated by 

midcarpal fusion with resection of the scaphoid, the 
 so-called SLAC procedure [15, 32].

Lunotriquetral Dissociation

This type carpal instability is a less common problem than 
scapholunate dissociation [27]. When evaluating the athlete 
for ulnar sided wrist pain, LTIL injury must be suspected and 
it must be distinguished from the TFCC injuries.

Most acute isolated LTIL injuries without radiographic 
findings of PISI can be treated splint immobilization or per-
cutaneous pinning [26, 28]. If the patient has persistent symp-
toms, the arthroscopic evaluation and LTIL debridement can 
be performed. However, Steinberg’s experience for long term 
pain relief in athletes with arthroscopic debridement alone is 
less favorable [28]. In this case, treatment options include 
lunotriquetral arthrodesis or ulnar shortening osteotomy. 
Ulnar osteotomy has become more popular because of the 
high nonunion rate of lunotriquetral arthrodesis and persis-
tent pain despite a success fusion [28]. Ruby recommended 
that if the radiographic finding of PISI has developed or the 
deformity is chronic but still reducible, open repair of the LTIL 
combined with dorsal capsulodesis can be performed [26]. 
When the ligament repair has failed or degenerative changes 
are present, four-corner midcarpal arthrodesis (hamate, tri-
quetral, lunate and capitate fusion) is the treatment of choice 
[26, 28]. Following the midcarpal fusion return to sports is 
usually between 6 and 8 months [28].

Midcarpal Instability (CIND)

This type instability of the wrist is generally a chronic problem 
and it is associated with generalized ligamentous laxity [26]. 
The ligaments between the bones of the proximal row remain 
intact but the proximal and distal rows are unstable relative to 
one another [28]. It is diagnosed on the basis of characteristic 
clunk on axial compression of the wrist in radial and ulnar 
deviation [26]. The radiographs are usually normal but cine-
fluoroscopy can show dissociation between the proximal and 
distal rows with volar collapse deformity [27]. Johnson and 
Carrera identified attenuation of the radiocapitate ligament 
as cause of this condition and advocated tightening the liga-
ment [11]. But soft tissue reconstructions have significant 
rates of complications [7, 27]. If the degenerative changes as 
a result of this instability has not been shown, conservative 
treatment such as splinting, forearm strengthening exercises 
and activity modification should be tried first [26]. When the 
conservative treatment fails to relieve symptoms, midcarpal 
arthrodesis can be performed.
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Fig. 5 (a) P-A radiography of 
the patient with acute wrist injury 
demonstrating S-L dissociation. 
(b) Lateral radiography 
demonstrating increased S-L 
angle. (c) Open reduction and 
primarily ligament repair with 
mini suture anchors was 
performed. (d) P-A and lateral 
radiographies after the operation 
demonstrating reduction of the 
scaphoid and normal value of the 
S-L angle

a b

c

d
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Epidemiology and Common Reasons of Groin 
Pain in Sport

Robert Smigielski and Urszula Zdanowicz 

Groin pain and tenderness are very common in athletes; 
however, there is still a lot of confusion regarding the best 
treatment, probably in part because of the complex regional 
anatomy, multiple differential diagnostic possibilities, and 
multiple potential specialists to be involved.

Incidence of groin pain among professional athletes is about 
0.5–6.2% and is particularly common in sport that require 
repetitive kicking, side-to-side motion and physical contact 
[10, 12, 21, 24]. These actions cause a strain on fascial and 
musculoskeletal structures that are fixed to bones and this may 
result in tissue damage and entrapment of different anatomical 
structures and finally chronic pain [5]. Differential diagnosis 
includes a variety of different conditions (Table 1) [5, 10, 11, 
25]. Naturally more than one pathology may be present in one 
patient, which makes diagnosis even more difficult.

According to Bradshaw, among athletes with groin pain 
74.8% are male, with a mean age of 32 years. In his group of 
patients, there were 23 sport activities with soccer (22%) and 
rugby (21%) being the most frequent ones among males and 
running (40%) among females. Pathology of hip joint was 
the most common reason for groin pain – 45.9%, followed 
by osteitis pubis – 20.6%. None of the osteitis pubis group 
were present in females. Patients with hip pathology most 
frequently failed to return to preinjury level of activity; how-
ever, in our opinion, there is too little data in this paper 
regarding details of treatment to accept it as a rule [2].

Below we focus on some aspects of the most frequent or 
the most controversial pathologies in the groin area.

Intra-articular Pathologies, Hip

All patients presenting with groin pain need to have at least 
basic clinical hip examination to ensure that the hip disorder 
is not overlooked [14].

History Taking

Special attention should be taken to complaints, such as 
catching, clicking, instability, decreased range of motion or 
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weakness. Type of sport and its biomechanics may also be a 
great clue. Acute and chronic causes of hip pain must be dif-
ferentiated. It is also good to ask about any general symp-
toms, for example fever, genitourinary symptoms or weight 
loss [23].

Clinical Examination

There are some basic hip tests that should always be done: 
gait evaluation, single-leg stance phase test, range of motion 
(ROM), palpation and strength assessment. An experienced 
clinician will be easily guided by first findings and may per-
form additional tests, like for example straight leg raise 
against resistance test, FABER test (Flexion, Abduction, 
External Rotation) or FADDIR test (Flexion, Adduction, 
Internal Rotation) and many other. However, not every test 
should be done to every patient. According to Martin the 
higher number of tests performed – the higher number of 

false positive results [14]. Furthermore some studies suggest 
that neither symptoms nor signs do not accurately identify 
patients with primary intra-articular pain sources. Also diag-
nostic/therapeutic anesthetic-steroid intra-articular injections 
give less than 50% of pain improvement, even if intra-articu-
lar pathology is present [15].

Radiology

X-Ray

Athlete with suspicion of any intra-articular hip pathology 
should always be sent for X-ray, even though many of those 
conditions are not seen on plain films. X-ray helps with diag-
nosis in cases of acute trauma, such as fractures, avulsions, 
dislocations and subluxations, and also in children with 
slipped capital femoral epiphysis, Perthes disease or apophy-
seal injuries [23]. X-ray is also fundamental in evaluation of 
femoroacetabular impingement [27] (Figs. 1 and 2).

Ultrasound (US)

Using ultrasound for the evaluation of the adult hip is very 
limited, however it may be helpful for diagnosis of intraar-
ticular effusions and soft tissue swelling [23].

Magnetic Resonance (MR) 

MR arthrography is examination of choice for labrum and 
cartilage hip joint evaluation. Joint distention with dilute 

Table 1 Different causes of pain in the groin area

Intra-articular Labral tears

Loose bodies

Femoroacetabular impingement

Ligamentum teres rupture

Chondral damage

Inflammatory arthritis

Extra-articular, bones – adults Stress fracture (e.g., femur, 
pubic bone)

Osteitis pubis

Extra-articular, bones – children Apophyseal injuries

Slipped capital femoral 
epiphysis

Legg–Perthes disease

Extra-articular, muscles and 
tendons

Adductor tendons pathology 
(enthesopathy, rupture)

Rectus abdominis pathology 
(enthesopathy, rupture)

Ilio-psoas syndrome

Hockey goalie-baseball pitcher 
syndrome

Extra-articular, nerve entrapment Obturator nerve

Ilio-inguinal nerve

Genito-femoral nerve

Ilio-hypogastric nerve

Hernia “Sports hernia”

Femoral hernia

Hernia inguinalis

Urology/gynecology

Fig. 1 Radiographic evaluation (AP view) of an athlete with hip pain. 
Cam type of femoroacetabular impingement
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gadolinium solution improves evaluation of femoral and 
acetabular cartilage surfaces, as well as labrum tears. MR 
may also reveal bone oedema in cases of early stages of 
stress fractures, where X-rays is still negative. Although not 
specific for athletes, synovial osteochondromatosis and pig-
mented villonodular synovitis (often present in young indi-
viduals) may also be visualized in MR examination [18].

Martin postulates that labral tears identified in MRI 
arthrogram may not be major contributors to patients’ pain 
complaints and medical personnel should always look for 
other possible causes of pain [15]. Therefore, even the best 
MR arthrography (although very helpful) would not substi-
tute good clinical examination.

Computed Tomography

CT provides excellent detail of osseous structures and is rec-
ommended in cases of fractures/stress fractures, intraarticular 
loose bodies, in difficult (and according to some authors – in all) 
cases of femoroacetabular impingement (Fig. 3).

Extra-articular Pathologies, Osteitis Pubis

Definition of osteitis pubis remains unclear in the literature 
and varies from overuse and degsenerative changes to func-
tional instability [25]. According to Robinson [22], the rec-
tus abdominis distal tendon merge with the pubic symphysis 
capsular tissues and extends inferiorly being continuous with 
the proximal origin of adductor longus tendon – that anat-
omy has great clinical implications. According to Omar [19], 
one possible etiopathogenesis of osteitis pubis involves dis-
rupted biomechanics of pubic symphysis. Rectus abdominis 
and adductor longus muscles are relative antagonists. 
Contraction of rectus abdominis muscle elevates pubic bone 
and results in increase in pressure in adductor compartment 

[17] (Fig. 4). Therefore injury to one of these tendons predis-
poses the opposing tendon to injury by both altering the bio-
mechanics and disrupting the anatomic contiguity of the 
tenoperiosteal origins. Such disruption leads to instability of 
the pubic symphysis [19]. Clinically we observe that major-
ity of athletes with enthesopathy or partial rupture of adduc-
tor tendons also complain of pain radiating into rectus 
abdominis muscle. Probably due to altered biomechanics 
and overuse of unilateral distal attachment of rectus abdomi-
nis muscle and subsequently due to its injury. Moreover, 
especially in “kicking” sports (such as soccer) patients who 
underwent adductor tenotomy due to the pain in that area 

Fig. 2 Radiographic evaluation (Frog leg view) of an athlete with hip 
pain. Cam type of femoroacetabular impingement

Fig. 3 Three-dimensional CT scan image of an athlete with hip pain. 
Cam type of femoroacetabular impingement

Fig. 4 Adductor longus and rectus abdominal muscles work as antago-
nists. Directions of major forces are marked with arrows
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have great problems with returning the previous level of ath-
letic performance. We believe that the main reason for that 
might be pelvic instability.

All those three pathologies (osteitis pubis and injury of 
distal attachment of rectus abdominis muscle and proximal 
attachment of adductor tendon) overlap, one provokes the 
other and may coexist, which makes proper diagnosis and 
treatment difficult.

Extra-articular Pathologies,  
Muscles and Tendons

Adductor Tendons

Adductor muscles group consist of pectineus, gracilis, 
adductor longus, adductor brevis and adductor magnus 
muscle. The most often injured adductor muscle is adductor 
longus [21]. That is probably because of its great role, not 
only as an adductor but also as a pelvis stabilizer. Hip adduc-
tors show electrical activity throughout the entire gait cycle. 
Their function is to stabilize the pelvis to the tight in stance 
and to stabilize the position of the tight to the pelvis in swing 
[13]. Peak activity in the adductor longus muscle occurs just 
prior to toe-off. It is hypothesized that this activity is to 
increase the stability of the support limb and to ensure a 
smooth transition of the weight to the contra lateral limb 
[16, 26]. Any disruption of adductor muscles function 
(lengthening or weakening) will result in pelvis destabiliza-
tion. And without a stable and well-controlled pelvis, it is 
very difficult to perform with skill in any kicking sport (e.g., 
soccer). How important are adductors during kicking greatly 
show us Baczkowski in his study with MRI evaluation, 
where adductors muscles activity during kicking increased 
more than 100% [1].

There is lots of confusion in the literature regarding the best 
treatment of adductors pathologies. In cases of adductor 
enthesopathy we may find both enhancing healing with growth 
factors, drilling pubic bone and rehabilitation to steroid injec-
tions or complete (sometimes even bilateral) tenotomies [25]. 
One excludes the other. We believe that the prove of the great 
role importance of adductor muscles is how often they are 
injured, and treating physician should do everything to save 
and repair adductors. Tenotomy in professional athlete is 
unacceptable.

In our practice treatment depends on the stage of pathol-
ogy, estimated on basis of interview, clinical examination, 
US and MRI.

In cases of slight enthesopathy of proximal attachment of 
adductor longus muscle we recommend rehabilitation. In 
advanced cases or in cases with no improvement with reha-
bilitation we proceed with US guided growth factor 

injections (Fig. 5) and pubic bone drilling (Fig. 6) followed 
by rehabilitation. In our material histopathology revealed no 
inflammatory neither healing response in those tissues 
(Fig. 7), and that is why we believe that healing enhancement 
is necessary. In cases of partial (Fig. 8) or complete ruptures 
we always recommend suturing and reconstruction.

Iliopsoas Pathology

Iliopsoas related pain is one of the most frequent soft tissue 
pathology responsible for groin pain, especially in runners. 
In the study of Hölmich, in which he examined 207 athletes 

Fig. 5 Ultrasound guided injections of growth factors in a 22 year old 
athlete with enthesopathy of proximal attachment of adductor longus 
muscle

Fig. 6 Ultrasound guided percutaneous pubic bone drilling (for healing 
enhancement) in a 28 years old athlete with enthesopathy of proximal 
attachment of adductor longus muscle
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with groin pain – for one-third iliopsoas pathology was the 
primary clinical entity and for 55% it was secondary or ter-
tiary clinical problem [9]. Iliopsoas, being one of the major 
hip flexors is susceptible for overuse pathologies, especially 
during running. Iliopsoas may be painful during palpation 
(lower lateral part of the abdomen or just distal from inguinal 
ligament) or with active hip flexion against resistance. 
Iliopsoas tendinopathy may be also associated with low back 
pain due to its role as a trunk flexor [25].

Moreover, some athletes may experience internal snap-
ping of iliopsoas tendon over the iliopectineal eminence, 
femoral head or lesser trochanter [25]. Snapping may be 
induced by moving the patient from FABER position into 

extension, adduction and internal rotation [28]. It may also be 
visible with US while extending the maximally flexed hip.

Extra-articular Pathologies, Nerve 
Entrapment

There are several nerves in the groin area. The most fre-
quent reason for groin pain related with nerve entrapment 
involves obturator, ilioinguinal, iliohypogastric and gen-
itofemoral nerve. Entrapment of any of these structures 
may lead to pain in the area of its innervations and may 
mimic other pathologies. Nerve entrapment may also, of 
course coexist with other pathologies in groin area (Fig. 9a, 
b). Moreover, in some cases of surgical treatment of so 
called “sports hernia” – surgical manipulation itself, may 
release entrapped nerve and therefore release the pain, 
which could be misinterpreted as good outcome of surgical 
treatment of sports hernia, where true pathology was com-
pletely different [19].

Nerve entrapment in the groin area is described in details 
in the chapter “Groin pain – neuropathies and compression 
syndromes.”

“Sport Hernia”

There is a lot of confusion regarding so-called “sport her-
nias,” mainly because lack of clear definition and definite 
criteria of diagnosis [3]. Sport hernia is often diagnosed in 
cases of groin pain, in which other pathologies have been 
excluded [6]. Gilmore describes Gilmore’s groin which 
includes: torn external oblique aponeurosis, torn conjoined 
tendon, conjoined tendon torn from the pubic tubercle, 
dehiscence between conjoined tendon and inguinal liga-
ment and no hernia present [8]. Among other definitions 
we may also find deficiency of posterior inguinal wall, 
being a result of injury of transversalis fascia or conjoined 
tendon (formed by medial portion of the internal oblique 
and transversus abdominis muscle) [4]. According to 
Genitsaris, sport hernia is deficiency of posterior inguinal 
wall [20] and the best treatment is laparoscopic repair [7]. 
Other descriptions include pathologies of rectus abdominis 
muscle, internal and external oblique muscle and its 
aponeurosis [3].

However, independently of undertaken definition and apart 
from often completely different treatment all authors claim to 
have excellent results, which only proves that “sport hernia” 
still remains one of the most misunderstood and poorly 
researched problems. Well-designed research studies are needed 
to better understand the true pathogenesis of sport hernia [3].

Fig. 7 Eighteen years-old soccer player with proximal adductor tendon 
enthesopathy and partial rupture. Enthesis showing architectural distor-
tion, extracellular matrix degeneration, and lacerations filled with 
blood. No inflammatory infiltrates were found in resected material. No 
potential for self-healing. Hematoxylin and eosin. Original magnifica-
tion ×100 (Thanks to M. Pronicki, M.D., Ph.D.)

Fig. 8 Partial rupture of proximal attachment of adductor longus mus-
cle in a 25 years old soccer player
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Differential Diagnosis in Groin Pain: Perspective 
from the General Surgeon

Volkan Kaynaroğlu and Ali Konan 

Groin pain is a debilitating injury which causes elite players 
to miss games, even seasons. Chronic groin pain is common 
in athletes participating in sports involving sudden speed and 
direction changes and side-to-side cutting, such as soccer 
and ice hockey. The pain may be caused by a variety of 
pathologies and recurrence rates are as high as 6% per sea-
son [32]. Groin injuries made up 3.1% of all injuries in all 
disciplines during the Summer Olympic games in 2008 [4]. 
Although most of the groin injuries occur in male athletes, 
the incidence among female athletes is increasing. This is 
partly due to increasing number of women performing 
heavier sports [44].

Evaluation of groin pain requires a multidisciplinary 
approach. An orthopedic surgeon who is very competent in 
examining the musculoskeletal system usually has paucity of 
experience in evaluating the inguinal canal. Vice versa, gen-
eral surgeons who perform countless numbers of inguinal 
canal examinations are not competent to detect muscle strains 
or joint injuries. Radiologists and nuclear medicine doctors 
are indispensable in the diagnosis period.

Various factors may cause groin pain in athletes [12]. Most 
of the conditions causing groin pain in athletes are of muscu-
loskeletal origin. However, although most are rare, other 
causes of groin pain should be kept in mind. Disorders of geni-
tourinary tract, intra-abdominal region, lumbosacral spine, 
and abdominal musculature can cause groin pain. Pathologies 
reported as a cause of groin pain are listed in Table 1.

Anatomy

The groin region is an area of junction between the abdomen 
and lower extremity. Two main canals serve as a passage for 
vital structures to the lower extremities: inguinal and femoral 
canals. The inguinal area is surrounded by strong structures 
leaving a weak area: the myopectineal orifice (of Fruchaud). 
The boundaries of the myopectineal orifice are a superior 
arch of internal oblique muscle and transversus abdominis 
muscle, laterally iliopsoas muscle, medially lateral border of 
rectus muscle, and its anterior lamina and inferiorly pubic 
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pecten. The inguinal ligament divides this space into the 
inguinal and femoral parts. From the inguinal outlet passes 
the spermatic cord.

The anterolateral aspect of the abdomen is covered by 
three flat muscles. The external oblique muscle originates 
from the external surfaces of the lower six ribs. The large 
aponeurosis of this muscle medially contributes to the for-
mation of the anterior rectus sheet and inferiorly forms the 
inguinal ligament. There is a triangular opening between its 
attachment to the rectus muscle and to the pubic bone called 
the external inguinal ring.

The internal oblique muscle originates from the iliac crest 
and thoracolumbar fascia; some fibers also originate from 
the lateral two-third of the inguinal ligament. It inserts to the 
lower four ribs and to the linea alba. Fibers of the internal 
oblique muscle continue as the cremaster muscle in the 
inguinal canal.

The transverse abdominis muscle is the innermost muscle 
on the anterolateral aspect of the abdomen; it originates from 
the lower six ribs, thoracolumbar fascia, iliac crest, fascia of 
the iliacus muscle, and lateral one-third of the inguinal liga-
ment. The fibers run in a transverse plane and insert to the 
linea alba and pubic pecten. The upper fibers merge to the 
diaphragma.

The transversalis fascia is a multilayered connective 
 tissue covering the internal surface of the abdominal 

musculature. Superiorly, it is continuous with diaphragmatic 
fascia and inferiorly with iliac and pelvic fasciae. The inter-
nal inguinal ring is an opening in the transverse fascia; it is 
located at the midway between the anterior superior iliac 
spine and pubic symphysis, just lateral to the inferior epigas-
tric vessels. When intra-abdominal pressure increases, arch-
ing fibers from the transversus abdominis and internal 
oblique muscles narrow the internal ring, thus preventing 
herniation.

The inguinal canal is a rift of 4 cm located 2–4 cm above 
the inguinal ligament and between the internal and external 
inguinal rings. Its anterior border is formed by the external 
oblique aponeurosis and laterally internal oblique muscle 
fibers. In most subjects, the posterior border is formed lat-
erally by the transversus abdominis muscle, but in about 
25% of subjects the posterior border is formed solely by 
the transversalis fascia; medial part of the floor is rein-
forced by the fibers of the internal oblique muscle. The 
superior border is formed by the conjoint tendon which is 
formed by the lower parts of the tendons of the internal oblique 
and transversus abdominis muscles. The inferior border of the 
canal is formed by the inguinal ligament. The inguinal canal 
contains the spermatic cord in males and the round liga-
ment of the uterus in females. Branches of the genitofe-
moral and ilioinguinal nerves are found within the inguinal 
canal.

Table 1 Causes of groin pain in athletes

Musculoskeletal Intra-abdominal Neurologic Genitourinary

Acetabular disorders Abdominal aortic aneurism Herniated nucleus pulposus Epididymitis

Adductor strain Appendicitis Lumbar spine pathology Hydrocele/varicocele

Adductor tendinitis Dehiscence of conjoint tendon Nerve entrapment Ovarian cyst

Apophysitis Crohn’s disease Obturator nerve entrapment Pelvic inflammatory disease

Avascular necrosis of femur head Diverticular disease Prostatitis

Avulsion fractures Femoral hernia Testicular neoplasm

Bursitis Hockey groin syndrome Testicular torsion

Femoroacetabular impingement Inflammatory bowel disease Urethritis

Legg–Calve–Perthes disease Inguinal hernia Urinary tract infection

Muscle strain Intra-abdominal abscess

Myositis ossificans Lymphadenopathy

Osteitis pubis Sports hernia

Osteoarthritis

Pelvic stress fracture

Postpartum symphysis separation

Pubic instability

Sacroiliac joint problems

Seronegative spondyloarthropathy

Slipped capital femoral epiphysis

Stress fractures

Synovitis
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Processus vaginalis is the invagination of peritoneum 
caused by the descent of the testes in embryologic life and 
normally closes before birth. Indirect inguinal hernias origi-
nate from the internal inguinal ring and are thought to be 
related to a defect in the closure of processus vaginalis.

On the medial side of the floor, the Hesselbach’s triangle 
is a weak area where most of the direct inguinal hernias 
occur. It is bounded laterally by the inferior epigastric artery, 
medially by the rectus abdominis muscle, and inferiorly by 
the inguinal ligament.

The ilioinguinal nerve emerges from the first lumbar 
nerve. First, it passes below the internal oblique muscle, and 
just medial to the anterior superior iliac spine it passes 
between the internal and external oblique muscles. It then 
enters the inguinal canal and becomes superficial near the 
external inguinal ring. It carries sensation from the root of 
penis, scrotum, and medial thigh.

The genitofemoral nerve arises from roots of the second 
and third lumbar nerves. The genital branch enters the ingui-
nal canal through the inguinal ring. It supplies the cremaster 
muscle and carries sensation from the scrotum. In some 
cases, this nerve can make anastomosis with the inguinal 
branch of the ilioinguinal nerve.

Evaluation of Groin Pain in Athletes

History

A detailed history is essential for differential diagnosis of 
groin pain. One should keep in mind that often groin pain is 
multifactored and that different studies about groin pain in 
athletes described different symptoms, physical examination 
findings, and causative pathology. Also knowledge about 
essential movements of a particular sport is important to 
explain the mechanism and cause of the injury.

Groin pain may be due to pathologies of the lower rectus 
musculature, inguinal region, pubic symphysis, upper adduc-
tors of the thigh, and scrotum. Any pain which worsens dur-
ing exercise and improves during rest is most probably of 
muscular origin. Although patients may describe a sudden 
onset of the pain, most of them have a history of gradual 
increase in pain. A typical history involves a sensation of a 
tear during exercise which worsens over a few weeks. 
A minority of patients has a history of sudden tear sensation 
during forced adduction together with external rotation of 
the thigh.

Pain originating from the area of the pubic symphysis and 
radiating into the lower rectus abdominis, upper adductors, 
and scrotum is probably due to osteitis pubis. It is typically 
present during kicking and running. Patients may describe a 
painful clicking during certain movements.

A defect in the posterior wall of the inguinal canal may 
present as a local tenderness over the inguinal canal. Patients 
usually have no pain in the morning hours when the muscles 
are relaxed; pain worsens throughout the day or during prac-
tice sessions. The pain may radiate to the lower rectus, but 
not to the scrotum. When not treated, the pain tends to occur 
earlier and be severe [16].

History of pain over the adductor longus occurring during 
rapid adduction of the thigh is specific for adductor strain.

Physical Examination

Any swelling should be noted in inspection. Swelling that 
become more prominent with an increase of intra-abdominal 
pressure or valsalva maneuver and may be a sign of inguinal 
hernia. Some special maneuvers may be required to make a 
diagnosis in athletes with groin pain. Prompt examination of 
the inguinal canal is required. This is done by passing the 
index finger through the external inguinal ring localized just 
lateral to the pubic symphysis. An enlargement of the exter-
nal inguinal ring may be detected in patients with sportsman 
hernia. The patient is then asked to cough. A moving from 
lateral to medial suggests an indirect hernia whereas a bulge 
moving from deep to superficial is probably caused by a 
direct hernia. Pain over the inguinal canal may be present 
during this maneuver. Local tenderness over symphysis and 
limited internal rotation of the thigh may be related to osteitis 
pubis. Appropriate pain provocation tests should be per-
formed to rule out muscular strains [43].

Imaging

Direct X-rays are useful to evaluate the bony structure, carti-
lages, and tendons. These graphics are almost never ordered 
by general surgeons. Usually an anteroposterior plain radio-
graph and a stress (flamingo) views of the pelvis are obtained 
as a preliminary study. Signs of osteitis pubis, such as alter-
nating areas of sclerosis and osteopenia, cystic change and 
rarefication of the medial portions of the pubic rami, may be 
seen on anteroposterior graphics. Flamingo views are useful 
to determine vertical instability of the pubic symphysis [46].

Dynamic ultrasonography is a user dependent, noninvasive 
technique to detect occult hernias. In patients with clinical 
findings of hernia the sensitivity and specificity is 100% [7]. 
In patients with groin pain and no clinical evidence of her-
nia, its positive predictive value to detect hernias is very 
high [1, 9, 40].

During this test the patient is asked the strain with the 
probe over the medial side of the inguinal canal and any 
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bulge from the posterior wall is diagnosed as a hernia. 
Attention is paid not to compress the inguinal canal with the 
probe. Bilateral posterior wall defects are more likely to be 
symptomatic. The posterior wall defects may also be detected 
in asymptomatic sportsmen [35]. It should be remembered 
that the sensitivity of the ultrasonography to detect groin her-
nias varies with the operator; symptomatic patients with a 
normal ultrasonography should be considered for further 
investigation [1].

Computerized tomography enables easier recognition of 
the type of the hernia, content of the hernia sac, and any 
complications. It can also differentiate other causes of 
abdominal wall swellings such as neoplasia or abscess [20]. 
Computerized tomography is useful to evaluate bony struc-
tures. Three-dimensional reconstruction techniques allow 
better demonstration of complex fractures.

Magnetic resonance imaging can reliably evaluate mus-
cular or bony pathologies such as tears in adductor muscle 
tendons or pubic bone edema [22]. A non-contrast MRI can 
reliably and accurately diagnose most pathologies causing 
groin pain [26]. If an intra-articular pathology is suspected, 
then MR arthrography is indicated. In patients with suspected 
hernia MRI has a high positive predictive value. A hernia is 
defined as abnormal ballooning of the anteroposterior diam-
eter of the inguinal canal and/or simultaneous protrusion of 
fat and/or bowel within the inguinal canal. Sequences can 
also be taken during straining. In athletes with long-standing 
groin pain, MRI can show attenuation of the abdominal wall 
musculofascial layers.

Herniography involves the injection of 50 mL of nonionic 
contrast medium into the peritoneal cavity in the lower quad-
rant of the abdomen at the lateral border of the rectus abdo-
minis muscle to detect occult inguinal hernias. It can be used 
to evaluate acute, chronic, or recurrent hernias. In patients 
with chronic groin pain and no palpable hernia, this tech-
nique can show hernia in about half of the patients with a 
sensitivity of 90% [15, 18]. It is an invasive procedure and 
the risk of bowel perforation is reported to be 1–5%. 
Performing a computerized tomography immediately after 
the herniography does not yield a better sensitivity [27].

Sportsman Hernia

In 1982, Banks and Malimson presented three elite athletes 
with long-standing groin pain who were operated on for 
inguinal hernia, and all players were able to return to their 
previous level of play within 3 months [5]. Since then there 
is a growing interest in posterior inguinal canal disruption as 
a cause of groin pain.

Sportsman hernia describes the phenomena of chronic 
activity related groin pain unresponsive to conservative 

therapy and significantly improved with surgical repair [17]. 
About half of the athletes with undiagnosed chronic groin 
pain have hernia [11]. The terms athletic pubalgia, foot-
ballers groin injury complex, and pubic inguinal pain syn-
drome are used as synonyms to sportsman hernia [13]. 
Although the term Gilmore’s groin is also used as a synonym 
in most reports, the original definition of this entity has small 
differences. Gilmore’s groin is a triad of findings involving a 
torn external oblique muscle causing dilatation of the exter-
nal inguinal ring, a torn conjoint tendon, and separation of 
the conjoint tendon from the inguinal ligament creating a 
small defect on the posterior inguinal wall [45].

The main physiopathologic component of the sportsman 
hernia is the imbalance between the adductors of the thigh 
and lower anterior abdominal muscles. These muscles apply 
opposite forces to the pubic symphysis. In movements such 
as cutting, twisting occurs in the middle portions of the body 
and the pelvis receives the majority of the force. In sports 
like football or ice hockey, rotation, adduction, and flexion of 
the thigh are used continuously; in these movements adduc-
tors are important to provide stability to the pubic symphy-
sis. Weakness of these muscles leads to the instability of the 
pelvis which in turn leads to osteitis pubis [6]. In addition, 
a reduction in internal and external rotation of the hip joint is 
observed in patients with osteitis pubis [42]. The imbalanced 
opposing forces may cause a disruption of the tendons at 
their insertion site on the pubis and a weak area at the groin 
could be increased [13], which causes an occult hernia. As 
the inguinal canal is in close relation with many bone and 
tendon structures, several other pathologies may be found 
with sportsman hernia. These include tearing of the external 
oblique muscle aponeurosis and the dilatation of the external 
inguinal ring, osteitis pubis, adductor tendinopathy, and 
nerve entrapment syndromes. It is not clear whether these 
pathologies are the cause or consequence of the hernia. Pain 
usually arises when the peritoneum advances through the 
defect in the posterior inguinal wall because of increased 
intra-abdominal pressure during sports activity.

The diagnosis of the sportsman hernia is clinical. Typical 
history (chronic groin pain during the exercise which is 
relieved with rest), consistent physical findings, and appro-
priate imaging features must be present to establish diagno-
sis as there may be many other causes of groin pain [13]. The 
classical findings of hernia may not be present at physical 
examination but pain over the lateral edge of the lower part 
of the rectus abdominis muscle is usually found.

Imaging techniques should not be used as a sole indica-
tion for treatment as they can detect hernias in asymptomatic 
patients.

Players with preseason groin pain are likely to miss games 
during the season [38]. Risk factors should be assessed in the 
preseason training period. Risk factors for sportsman hernia 
are the same as defined for chronic groin pain. Reduced hip 



Differential Diagnosis in Groin Pain: Perspective from the General Surgeon 259

movement and muscle imbalance cause pelvic instability and 
put the patient in the risk of groin disruption. A decrease in 
lower limb muscle strength and abdominal oblique strength 
is observed in players with posterior abdominal wall defi-
ciency. This loss of strength compromises rotational control 
of the pelvis [19].

Lack of preseason training and previous groin injury 
increase the risk of groin injury during the season [10]. Limb 
length inequality of more than 5 mm is also proposed as a 
risk factor for pelvic instability. Proper physiotherapy treat-
ments, monitoring individual training load, or use of ortheses 
is essential to minimize the risk of groin injury during the 
season games.

The treatment of sportsman hernia should begin by rest, 
nonsteroidal anti-inflammatory drugs, and proper physical 
exercise program unless a weak area is palpated on the pos-
terior wall of the inguinal canal. The success rate of conser-
vative therapy in sportsman hernia is not high [8, 30]. Patients 
with adductor-related groin pain may benefit from corticos-
teroid injections and active training programs with 
physiotherapy.

Patients with undiagnosed groin pain unresponsive to 
conservative and medical treatment are likely to have an 
undiagnosed hernia. Transabdominal or preperitoneal endo-
scopic techniques may be used to establish the diagnosis and 
to treat any existing hernia [23].

The aim of the surgical therapy in patients with sports 
hernia is to repair the direct hernia and to restore posterior 
wall strength. Although laparoscopic repair is reported to 
have good results [14], anterior approaches are recommended 
as other pathologies that may require surgical correction 
(e.g., tears in the conjoint tendon, defects in the external 
oblique aponeurosis) may often coexist [13]. The inguinal 
canal should be explored promptly to detect the true pathol-
ogy. The most frequent pathology is a defect in the transver-
salis fascia, but lipomas, femoral hernias of small indirect 
hernias may be encountered. The most widely used surgical 
approaches are modifications of Bassini’s technique [39]. 
This involves the plication of the transversalis fascia with 
placement of a synthetic mesh graft. The graft should be 
fixed to the conjoint tendon superiorly and to the inguinal 
ligament inferiorly. Reattachment of the rectus abdominis 
muscle fascia to the pubis and division of the anterior epimy-
sial fibers of the adductor longus muscle about 2–3 cm from 
the pubic insertion are performed in large series [28]. 
Minimal repair techniques which involve plication of the 
weak part of the posterior inguinal wall are also described 
[34]. If no hernia or other pathology is seen, placement of a 
mesh graft provides good results in athletes with idiopathic 
groin pain [41]. With a rehabilitation program about 90% of 
the athletes return to their previous level of play.

The recurrence rate of hernia repair with a synthetic graft 
is 1%. Other complications include surgical site infection, 

seroma formation, testicular atrophy, and chronic groin pain. 
The pain after a successful hernia repair is due to entrapment 
of sensory nerves by the scar tissue or stitches. Identification 
of the nerves during the surgery is an important measure to 
prevent this complication [2]. Division of the ilioinguinal 
nerve to prevent chronic pain after inguinal hernia repair is 
controversial [33, 36]. Postherniorrhaphy chronic pain is 
best treated with triple neurectomy (of ilioinguinal, iliohypo-
gastric, and genitofemoral nerves) [3].

Hockey Groin Syndrome

Hockey groin syndrome is marked by small tears of the 
external oblique aponeurosis through which small neurovas-
cular branches of the ilioinguinal nerve emerge. These tears 
are thought to be the result of the transmission of explosive 
forces from the lower extremities to the abdomen (e.g., soc-
cer kick, snap-shot in ice hockey). Although the name is spe-
cific to hockey, this syndrome has been reported in soccer, 
rugby, cricket [45], and baseball players [29].

The patients complain of pain usually worse in the morn-
ing and exacerbated with the extension of the hip. Physical 
examination reveals tenderness over the inguinal canal and 
dilated external ring in the majority of patients. As this is 
defect at the anterior wall of the inguinal canal, imaging 
studies are not expected to be positive.

The operative findings are one or more tears in the exter-
nal oblique aponeurosis. The tears are 1–12 cm in length and 
parallel to the fibers of external oblique aponeurosis. The 
conjoint tendon and posterior inguinal wall are usually nor-
mal [47]. At the operation, neurovascular bundles of the ilio-
inguinal nerve emerging from the tears are excised, the 
defects in the external oblique aponeurosis are repaired, and 
if this repair causes tension then the aponeurosis is reinforced 
by a Goretex graft [21]. The players usually return to their 
previous level of play in 8 weeks following a physiotherapy 
program and recurrence is rare. About 90% of the patients 
have no pain after the operation and the remaining report a 
decrease in the intensity of the pain.

Nerve Entrapment Syndromes

Entrapment of the obturator, femoral, iliohypogastric, gen-
itofemoral, ilioinguinal, and the lateral femoral cutaneous 
nerves may cause pain in the groin area [31]. The most com-
mon cause of nerve entrapment in the groin area is previous 
operations followed by trauma [25].

Entrapment of the obturator nerve is relatively more fre-
quent in sports with kicking, running, and rapid change of 
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direction [37]. Pain is felt over the adductor muscles and this 
pathology is difficult to differentiate from adductor strains. 
Electromyography is the investigation of choice for pain last-
ing more than 2 weeks. Usually, conservative measures are 
not sufficient and surgical neurolysis is performed with good 
results.

Pain arising from the femoral nerve is felt in the inguinal 
region and anterior thigh. It may be due to previous surgery 
or excessive stretching. Electromyography of the quadriceps 
muscle may be helpful in the diagnosis. Unlike obturator 
neuropathy, femoral neuropathy responds to conservative 
treatment.

Ilioinguinal, iliohypogastric, and genitofemoral nerves 
are localized in the lateral part of the anterior abdominal 
wall. Trauma to the muscles of the abdominal wall due to 
excessive training may cause entrapment of these muscles. 
As the areas they innervate overlap, distinction of the patho-
logic nerve may be difficult. Conservative treatment consists 
of rest and nonsteroidal anti-inflammatory drugs [24]. 
Selective nerve blockage is used to differentiate the source of 
the pain. For resistant cases surgical neurolysis or resection 
offers satisfactory results.
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Groin Pain in Pediatric Athletes:  
Perspectives From an Urologist

Berk Burgu and Serdar Tekgül 

Groin pain is a common complaint among pediatric athletes. 
It is frequently a multifactorial condition that presents a con-
siderable challenge. The anatomy is complex, multiple 
pathologies often coexist, different pathologies may cause 
similar symptoms, and many systems can refer pain to the 
groin. Many athletes with groin pain have had symptoms 
that significantly limit their activity, have tried prolonged 
rest and various treatment regimens, and received differing 
opinions as to the cause of their pain. Often times the diag-
nosis given depends on the physician’s specialty. Although 
majority of physicians mainly focus on musculoskeletal etio-
logies, one must keep in mind that many other medical condi-
tions especially with urologic origin may also affect the 
groin. Because of these overlapping medical conditions and 
because the anatomy of the region is so complex, a team 
approach is optimal.

Groin injuries and trauma may also result from a variety 
of causes in pediatric athletes and can affect external genita-
lia and urinary tract.

Inguinal and scrotal pathologies that cause groin pain 
compose a large percentage of a pediatric urologist’s prac-
tice. This chapter reviews these conditions and their associ-
ated pathology, diagnosis, and treatment.

Groin pain may signal either intrascrotal or extrascrotal 
pathology. Intrascrotal pathology arises from one of the 
structures within the scrotum, including testes, spermatic 
cords, epididymis, or one of the testicular or epididymal 
appendages. Groin pain from extrascrotal pathology arises 
from conditions of the scrotal skin, such as cellulitis, abscess, 
insect bites, and Fournier’s gangrene, or from pathology dis-
tant from the scrotum. The conditions arising from pathol-
ogy distant from scrotum produce scrotal pain by stimulating 
genitofemoral, iliofemoral, or posterior scrotal nerves. 
Conditions such as ureteric stones, peritonitis, abdominal 
aortic aneurysm, and polyarteritis nodosa are such condi-
tions that may be indicated by scrotal pain.
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Pediatric urologic pathologies such as varicocele, inguinal 
hernias may cause chronic groin pain in children. Patients 
with hydrocele, undescended or retractile testes, epididiymal 
cysts, testicular and paratesticular tumors generally do not 
present with pain as the main complaint. However, second-
ary conditions frequently generating from aforementioned 
pathologies may cause acute or chronic groin pain in pediat-
ric population.

Acute pain in the groin area may also be the result of an 
emergency condition and requires prompt diagnosis and 
treatment. The long-standing chronic groin pain in some 
pediatric athletes may postpone early admission which is 
very essential. Although conditions like testicular torsion, 
epididymitis, orchitis, torsion of appendix testes or appendix 
epididymis, and incarcerated inguinal hernias are rarely fatal, 
they may produce testicular necrosis, infarction or atrophy, 
and may cause fertility problems if it is not diagnosed and 
treated in a timely fashion. Early and accurate diagnosis will 
not only prevent the catastrophe conditions but will also 
avoid unnecessary parental anxiety for conditions like a sim-
ple hydrocele. For synopsis and potential clues of groin pain 
see Table 1.

Urologic Conditions That Cause Chronic 
Groin-Scrotal Pain

Varicocele

Varicocele may be defined as diffuse dilation of the pampini-
form plexus (the venous drainage of the scrotum). Generally, 
the venous drainage of the scrotum begins with multiple 
scrotal veins that coalesce with the plexus. This drainage 
ascends along the cord structures and ultimately forms a 
single testicular vein, draining on the right into the vena cava 
and on the left into the left renal vein. [14] Although the 
main symptom of admission is dilated veins observed in the 
scrotum, patients with especially high-grade varicocele suf-
fer from chronic groin pain. This may limit the physical 
performance.

The etiology remains unclear. Most theories have as a 
common thread an increased venous backpressure with sub-
sequent venous varicosity. These theories are based on insuf-
ficient venous valves [2], anatomic angle of venous drainage 
[28], external compression of the drainage system [32], and 
backflow of metabolites from left adrenal vein onto the sub-
jacent testis [3]. Although varicocele can appear at any pedi-
atric age, the incidence peaks near mid-puberty and catches 
the incidence of adult population. Overall, varicoceles are 
estimated to occur in 15% of the adolescent population [34]. 
They are almost all left-sided and rarely bilateral. Right-
sided varicocele has been reported with situs inversus, add-
ing to the emphasis on anatomic etiology [33]. Most 
adolescents who have varicocele are asymptomatic and dis-
covered on routine examination. There may be some mild 
discomfort. Although the mechanism is unclear, there is gen-
eral agreement that larger varicoceles are more likely to 
result in testicular injury than smaller ones, and that this 
injury appears to be a function of increasing time [12].

Most cases of childhood varicocele require no treatment, 
but because of the gross appearance of varicocele, parents 
need to be well counseled. Generally a larger scrotum than 
normal is observed during physical examination when the 
boy stands upright. Palpation of the scrotum is like feeling “a 
bag of worms”. The mass of veins often disappear when the 
child lies down. Adolescents who have pain, large varicoce-
les, or loss of ipsilateral testicular volume over time should 
undergo surgical therapy. Prior surgical therapies focusing 
on mass ligation of the internal spermatic vessels have had 
good results, but a significant incidence of postoperative 
hydrocele is reported [1].

Subinguinal microsurgical varicocelectomy, with pres-
ervation of the testicular and cremasteric arteries and lym-
phatics, offers excellent results with little morbidity [19, 29]. 
Some centers treat varicocele with retrograde embolization 
through the renal vein, which is generally associated with 

Table 1 Synopsis and potential clues of groin pain from urological 
perspective

Diagnosis Pain Unique characteristics

Torsion of testis ++++ (A) Young age, pain 
beginning after physical 
exertion or trauma, lack 
of UTI symptoms, history 
of similar episodes

Torsion of appendix 
testis/epididymis

++ (A) Young age, blue dot sign, 
cremasteric reflex intact

Epididymitis/orchitis ++++ (A) Gradual pain/insidious 
onset, UTI symptoms, 
cremasteric reflex intact, 
relatively older age

Henoch–Schönlein 
Purpura

± (A) Steroid responsive

Idiopathic scrotal 
edema

+ (A) Acute onset edema

Lymphadenitis +/± (A) Related feet infection

Lower ureter stones +/++ (A) Lower UTI symptoms, 
colic, hematuria, history 
of stone disease

Trauma ++ (A) Hematoma most common

Hernia + (C), ++/+++ 
(A)a

Reducible bulge in the 
groin or a thickened 
spermatic cord transvers-
ing inguinal canal 
(irreduciblea)

Varicocele +/++ (C) Palpation of the dilated 
veins, testicular atrophy

A: acute pain, C: chronic pain
aIf incarcerated or strangulated
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lower success. The subinguinal microsurgical varicocelec-
tomy has a very low morbidity and recurrence is uncommon, 
therefore it should be the choice of technique when surgery 
in a child is indicated.

Hernia

Inguinal hernias may occasionally cause mild to moderate 
groin pain in pediatric population. Sometimes acute onset of 
groin pain may indicate an acute surgical problem like incar-
ceration. Congenital inguinal hernia and hydrocele in chil-
dren are a result of the failure of the processus vaginalis to 
obliterate. The end result is the same, with the provision for 
the extra-abdominal passage of peritoneal fluid (resulting in 
a hydrocele) or a viscus (resulting in a hernia). The proces-
sus vaginalis may obliterate at any point between the inter-
nal inguinal ring and the scrotum, or it may do so 
incompletely. These variations account for the diverse clas-
sification of hernias and hydroceles, including complete or 
scrotal hernias, communicating or noncommunicating 
hydroceles, and the canal of Nuck in girls. Although the 
exact process is unclear, it is generally agreed that oblitera-
tion of the processus vaginalis occurs only after the 7th 
month of gestation. Retardation or absence may cause one 
of the aforementioned conditions [30].

Indirect inguinal hernia is the protrusion of an abdominal 
viscus into a peritoneal sac, the processus vaginalis, which 
then trasversus the inguinal canal [5]. The contents of the 
sac are generally intestines but may be omentum or ovaries 
and fallopian tubes in little girls. Repair of inguinal hernia-
tion is the most common operation performed on children, 
and boys with hernias outnumber girls by a ratio of approxi-
mately 5:1 [24].

Femoral and direct hernias are uncommon in children 
relative to adults and usually diagnosed correctly in the oper-
ating room. Femoral hernias are more common in girls and, 
similar to direct hernias, are often found in children who 
have had a previous indirect herniorrhaphy.

For inguinal hernias the diagnosis is generally made by 
the history and may be confirmed by finding a reducible 
bulge in the groin or a thickened spermatic cord transversing 
inguinal canal. This is generally associated with a chronic 
groin pain localized to inguinal canal or scrotum. It may be 
helpful to ask parents to take a snapshot of the bulge when 
the history is in doubt and physical findings are not support-
ive. There are three noteworthy things to remember when 
evaluating children with hernias. (1) Needle aspiration is 
contraindicated; (2) Little else feels like hernia to the experi-
enced examiner; (3) One must have a clear concept of dif-
ferential diagnosis which includes inguinal lymphadenopathy, 
undescended testes, and hydroceles [10].

The “gold standard” for repair of the pediatric indirect 
inguinal hernia remains high ligation of the processus vagi-
nalis at the internal ring [11].This ligation has been per-
formed laparoscopically, but with short-term follow-up, no 
clear advantage over open repair is demonstrated [4]. The 
treatment of the unusual direct pediatric hernia is dictated 
by local findings at operation, with the end result being the 
reinforcement of the inguinal floor.

Femoral hernias are probably best treated using a Cooper’s 
ligament repair. In the adolescent with a larger direct hernia, 
consideration may be given to a laparoscopic preperitoneal 
tension-free mesh herniorraphy as opposed to direct groin 
exploration and repair [27].

Hernias become an acute surgical problem when they 
incarcerate. By definition, incarceration occurs when intra-
abdominal or pelvic contents become stuck in the hernia sac 
beyond the inguinal ring. If the hernia is not promptly 
reduced, intestinal swelling and ultimately impairment of the 
blood supply, leading to strangulation may occur. The char-
acteristics of incarcerated hernia are severe sudden onset of 
pain and a hard, tender fixed mass in the groin. If the hernia 
has been present for some time symptoms of intestinal 
obstruction with vomiting may be noted. Frequently, there is 
no history of a hernia in these children. Generally, most 
incarcerated hernias can be reduced if one is familiar with 
techniques. Firm, steady pressure with the fingertips of both 
hands must be applied at the level of internal inguinal ring. 
Once the hernia is reduced, the patient should be scheduled 
for operation within 24–48 h. The frequency of testicular 
compromise in this setting has been noted to range from  
3% to 5%. One should always counsel the family that the 
blood supply to the testes may have been impaired by the 
incarceration [10].

Urologic Conditions That Cause  
Acute Groin-Scrotal Pain

The Acute Scrotum

The emergent evaluation of a painful swollen and red scro-
tum remains a diagnostic challenge because there are very 
few absolutes. Like most acute surgical problems, the best 
approach is a careful history and physical examination in 
conjunction with sound surgical judgment. Diagnostic tests 
are often helpful in this process, but despite recent refine-
ments in technique, they remain diagnostic adjuncts only. 
The time taken to acquire these tests and the availability of 
those experienced to interpret them must also be cautiously 
taken into account [14].
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Testicular Torsion

Probably testicular torsion is the only urologic pathology that 
can cause groin pain and require prompt operation. Torsion 
of the testes is generally heralded by pain, which is always 
the first symptom. The pain may begin either suddenly or 
gradually, but with time it increases and is usually severe 
regardless of subjective pain threshold of a given patient.

The diagnosis to be ruled out is testicular torsion because 
testicular loss increases with ongoing ischemic time, and the 
cornerstone of therapy remains emergent surgical explora-
tion. Testicular more commonly affects adolescents despite 
the fact that neonatal testicular torsion can be observed [8]. 
In adolescents, there is the presumed bell-clapper deformity 
that predisposes the testes to torsion. This is the abnormally 
high investment of the tunica on the spermatic cord within 
the scrotum. Generally, in these young boys intravaginal tor-
sion of testes within the tunica vaginalis occur.

The history is usually that of acute onset of scrotal pain 
that may radiate to the groin and may be accompanied by 
nausea and vomiting. Prior similar episodes that spontane-
ously resolved may represent a partial torsion and remain a 
strong historical clue [16]. Gradual onset of pain is often 
more consistent with epididymitis or testicular appendiceal 
torsion. Pain of longer duration, usually greater than 24 h, 
may also point to a nonsurgical cause or to testicular torsion 
that has progressed to necrosis.

The physical examination may be difficult at best due to 
pain and distress. No pathognomonic physical findings of tes-
ticular torsion have been reported. Those signs that have been 
reported as being useful include a high riding gonad due to 
foreshortening of the spermatic cord by the torsion, a trans-
verse testicular lie, absence of the cremate reflex, and anterior 
presentation of the epididymis [6]. Unless the examination pro-
vides focal findings such as localized epididymal tenderness, 
testicular torsion should remain the diagnosis to be excluded.

Testicular torsion is a surgical emergency. Early recogni-
tion and prompt intervention are imperative if the testis is to 
survive. Once venous obstruction has occurred, swelling 
may lead to arterial occlusion and infarction. The duration of 
symptoms in the period before infarction varies and depends 
on the magnitude of torsion. Testicular loss may occur as 
early as 2 h after the onset of symptoms, though a few testes 
appear to survive torsion of longer than 12 h [26].

Approximately 30% of children who present with testicu-
lar torsion have had brief episodes of testicular pain. Pubertal 
boys are the most susceptible group. One out of 160 males is 
affected with this problem. Torsion of undescended testes 
occurs more frequently than it does for a descended testes, 
due to the lack of fixation [20]. The presentation of torsion in 
undescended testes is different: a tender mass is noted high 
in the groin in association with an empty scrotum. This may 
be confused with inguinal hernia or lymphadenitis.

Epididymo-orchitis is the entity most commonly confused 
with testicular torsion. There are several differentiating fea-
tures. The age of patient is usually the best clue. Epididymitis 
and ochitis are rarely seen before puberty, except in children 
with congenital anomalies. Fever and urinary symptoms are 
more common in epididymitis.

Color Doppler ultrasonography, although operator depen-
dent, is very sensitive in detecting spermatic cord blood flow. 
It must be remembered, however, that the detection of such 
flow does not rule out torsion and should not preclude emer-
gent exploration [17]. More recent studies have attempted to 
further refine ultrasonic predictive value using Doppler wave-
form spectral analysis and high resolution ultrasound [9]. 
Specificity has not approached 100%. It may be that ultra-
sound is more useful in supporting a nonsurgical cause of the 
acute scrotum [6]. Consideration of a nonsurgical cause cou-
pled with a supportive ultrasonographic finding such as an 
enlarged testicular appendage may lead to expectant 
observation.

Many surgeons advocate radionuclide scanning for diag-
nosis of testicular torsion. Technetium 99 m scintigraphy 
offers detailed images of testicular anatomy and blood flow 
and has been reported to have 90% accuracy in diagnosis of 
torsion [25]. The test will document absent testicular blood 
flow if there is torsion, but testicular infarction induces an 
inflammatory reaction of adjacent tissues and may confound 
interpretation of the study. The significant downside is the 
time required to prepare the radioisotope, assemble technical 
staff, perform the scan, and obtain experienced interpreta-
tion. For these reasons, many physicians do not employ this 
test unless their strong suspicion is a nonsurgical etiology of 
the scrotal pain.

Manual detorsion is an early option for management of 
torsion. Some surgeons believe that manual detorsion can 
buy time, allowing for potential testicular salvage. The clini-
cian stands at the feet of the supine patient and attempts to 
untwist the testicle outward from a medial to lateral orienta-
tion. This maneuver may result in immediate symptomatic 
relief but should not lull the clinician into equivocation about 
surgery. Exploration is still mandatory [10]. To reiterate, a 
clinical impression of testicular torsion should result in 
emergent operative exploration. Unless clinical findings dic-
tate otherwise, such as a paratesticular mass, the approach 
should be trans-scrotal. The median raphe is incised and the 
testicle assessed after detorsion is completed [14]. Normal 
testes with clearly restored blood flow and those of question-
able viability after intraoperative observation should undergo 
fixation within the tunica. Clearly, necrotic testes in most 
cases should be removed. The data supporting contralateral 
gonadal injury induced by a retained necrotic testis are not 
conclusive [15]. When a necrotic testis is left behind, how-
ever, the postoperative swelling, erythema, and pain are 
not inconsequential as the gonad atrophies and are resorbed. 
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In addition, leaving behind an unknowingly necrotic testis 
in the hope of in situ recovery risks scrotal abscess forma-
tion. At the end of the scrotal exploration, the contralateral 
gonad should undergo tunical fixation because the conse-
quences of future gonadal loss are life changing and there is 
a higher potential of contralateral torsion secondary to an 
increased incidence of bilateral bell-clapper deformity.

Torsion of Appendix Testes  
and Appendix Epididymis

Another cause of groin pain in pediatric population is the 
torsion of a testicular or epididymal appendage. The onset of 
pain is more gradual, and examination may reveal more focal 
findings.

The testicular appendix is a mesothelial remnant located 
on the superior pole [13], and the epididymal appendix is an 
embryological remnant located on the head of epididymis; these 
two locations account for 99% of appendage torsions [22]. The 
anatomy of both structures may lead to torsion and they become 
twisted on the pedicle and infarct. The symptoms are similar 
to those of torsion of the testes proper. Some authors report, 
however, that torsion of the appendix testes is not as painful 
as torsion of the testicle. Different from testicular torsion 
there is typically an absence of anorexia, vomiting, fever, 
and abdominal pain. The testical will be in its normal posi-
tion and of normal size. Palpation of the testes or epididymis 
may reveal a small tender, firm, and mobile nodule ranging 
in size from 3 mm to 5 mm. Unlike with testicular torsion 
cremasteric reflex is present. In particular, the “blue dot” 
sign is a well-known and pathognomonic indicator of torsion 
of the appendix testis or the appendix epididymis. This is the 
appearance of a localized spot of discoloration (usually blue) 
usually associated with point tenderness rather than diffuse 
testicular tenderness. By taking a careful history one may 
learn similar episodes of swelling or mild to moderate pain, 
which may have represented a slight twisting of this pedun-
culated structure [10].

Treatment is symptomatic with analgesics, and rapid res-
olution is the rule. When diagnosis is certain, bed rest, scro-
tal elevation, scrotal support, and control of pain are sufficient. 
Occasionally, scrotal exploration is warranted to resect the 
necrotic appendage that can significantly diminish the dis-
comfort. One often explores the scrotum anticipating a torsed 
testicle, only to find infarcted appendix testes.

Epididymitis and Orchitis

Epididymitis and orchitis are two common causes of acute 
scrotal pain. Ductus epididymis forms a crescent-like struc-
ture that sits on the posterior surface of each testicle and 

transports maturing sperm through the vas deferens to the 
collection site in the seminal vesicles, which reside on the 
underside of the prostate gland. This route serves as a 
descending pathway for pathogens resulting in epididymitis. 
The epididymis connects distally into each testicle and can 
act as a conduit for an infection descending into the testicle. 
When both structures are involved, the result is epididymo-
orchitis [7].

Usually, patients report an insidious onset of pain rather 
than more abrupt and intense onset of pain that occurs with a 
testicular torsion. The pain typically develops over period of 
hours to a day. In one study, patients with epididymitis had a 
longer duration of symptoms before seeking treatment than 
did patients with testicular torsion, who usually sought treat-
ment in less than 12 h. The patient may describe the pain as 
ranging from dull to intense. The pain may be referred to the 
ipsilateral lower abdomen and flank. A small number of 
patients may have intractable pain. A few patients may 
appear to be systemically ill, with an elevated body tempera-
ture. An elevated temperature and dysuria are common com-
plaints; dysuria was noted in all patients with epididymitis 
but only in 14% of those with torsion [16].

The acute scrotal swelling which is produced by epididym-
itis may closely stimulate testicular torsion. Prehn’s sign or 
pain relief when the testicles are elevated may occur with 
epididymitis and may help differentiate between epididymi-
tis and torsion. The inguinal canal should be digitally exam-
ined to rule out a hernia. The cremasteric reflex needs to be 
assessed and is typically intact with epididymitis [16].

A urine dipstick analysis may be positive for leukocytes 
and nitrites, and a microscopic urinanalysis may identify 
white blood cells and organisms. Urine should be cultured 
and sensitivity obtained to determine the causative organism 
and the appropriate antibiotic therapy [7].

Generally, acute bacterial epididymitis is uncommon in 
boys. If it is seen in the young child, it is usually as a compli-
cation of urinary tract infection secondary to local anatomic 
abnormality [31]. The organisms involved in epididymitis 
and orchitis vary depending on the age group. Escherichia 
coli is most frequently identified in males before puberty [7]. 
In addition to infectious etiologies epididymitis may result 
from trauma as well as secondary inflammation caused by 
torsion of appendix testes. An important consideration to 
keep in mind is that when older boys develop epididymitis 
there is often an absence of demonstrable bacterial infection. 
In such cases it is felt that viruses or atypical bacteria may be 
the cause. In such a setting, an unusual organism such as 
Salmonella or Haemophilus may well be the etiologic agent. 
Direct hematogenous seeding may be the cause in these situ-
ations [7].

Outpatient treatment includes antibiotic therapy, bad rest, 
scrotal elevation, and oral anti-inflammatory drugs. Treatment 
should be based on urine cultures and sensitivities. The usual 
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expectation is that the patient should become afebrile and 
have less discomfort within 24–48 h and should recover 
within 10–14 days. If epididymitis is seen in sexually active 
adolescents, they should be treated for gonorrhea or a chla-
mydial infection. The criteria for inpatient treatment include 
intractable pain, nausea and vomiting, dehydration, and sys-
temic illness where the patient is toxic or septic [7].

Henoch–Schönlein Purpura

Although Henoch–Schönlein Purpura (HSP) is sometimes 
considered in the differential diagnosis of acute groin swelling, 
it may be associated with mild to moderate pain. Two percent 
to thirty-eight percent of patients with this vasculitis are at risk 
for scrotal involvement, and reports describe HSP first present-
ing as scrotal swelling similar to testicular torsion [18, 21].

HSP is a vasculitis of unknown etiology and is character-
ized by a non-thrombocytopenic purpura, which usually shows 
skin, joint, intestinal, and renal involvement. It occurs most 
commonly between 2 and 20 years of age. Although the con-
dition is generally a self-limiting problem and is responsive to 
steroid therapy, many patients will undergo exploratory sur-
gery because of the clinical similarity to testicular torsion [7].

Idiopathic Scrotal Edema

This condition presents with a low grade cellulitis involving 
one or both sides of the scrotum and can be the cause acute 
groin pain in prepubertal boys. The edema is rapid in its 
onset and commonly involves the groin and perineum. Penis 
can occasionally be involved. Generally, the pain is very little 
but local tenderness is present. The peripheral white blood 
cell count in this condition is normal; however, occasionally 
there is associated eosinophilia, leading some authors to 
believe that this condition is an allergic phenomenon similar 
to angioneurotic edema [7].

During an evaluation of swollen scrotum, idiopathic scrotal 
edema may resemble an introscrotal torsion or epididymitis, 
but the lack of severe pain should make the distinction quite 
clear. Idiopathic scrotal edema subsides almost as rapidly as it 
appears and is generally gone within 2 days. No treatment is 
necessary, but occasionally some skin discoloration persists.

Lymphadenitis

Inguinal or femoral lymphadenitis can be seen as a tender, 
sometimes inflamed mass that can cause pain in the groin. 

Examination of the lower extremities with particular atten-
tion to the feet is mandatory to help diagnosis. One should 
not forget that feet can be often infected in athletes by bacte-
ria or fungi. The nodes are often tender. Examination will 
demonstrate a normal inguinal canal and spermatic chord. 
No treatment is necessary in the setting unless the lymph 
nodes become suppurative. Incision and drainage should be 
performed [7].

Lower Ureter Stones

One-third of the distal part of the ureter is the most common 
part of the ureter where stones exist. Different from the upper 
urinary tract stones, stones stuck on one-third of the distal 
part may cause inguinal or scrotal pain. The typical presenta-
tion of the pain is by intermittent episodes that are typical for 
colic of ureteric origin. Associated macroscopic or micro-
scopic hematuria, pyuria, and crystaluria can be observed in 
urine analysis. Positive patient or family history of stone dis-
ease might help diagnosis. Since more than 90% of urinary 
tract stones are radiopaque, a plain abdomen-pelvic x-ray is 
suggested. Ultrasonographic evaluation might provide useful 
information about the dilatation of the associated kidney. For 
non-opaque stones which could not be identified by ultra-
sound scan, computerized tomography might be used.

Children are generally more capable of passing larger 
stones than adults. Besides treatment for pain, use of alpha 
blockers might improve stone expulsion rates.

Trauma

Trauma to the groin may be the result of child abuse, trauma 
suffered in a motor vehicle accident, or sports accident in 
pediatric athletes. Trauma to the scrotum is the most frequent 
type of trauma and most often results in a scrotal hematoma. 
Testicular rupture may occur and in these patients physical 
examination is nearly impossible. Ultrasonography in this 
setting is very helpful. Testicular rupture should be repaired 
immediately [7]. A transverse laceration is usually found 
in the dense, fibrous tunica albuginea, which surrounds the 
parenchyma of the testicle. Follow-up studies show that tes-
ticles maintain adequate size and function after the repair 
and functional [23]. Scrotal hematomas, while often pain-
ful, should be treated symptomatically with  analgesics and 
scrotal support.

Occasionally, a blue scrotum is seen after abdominal 
trauma because intraperitonial blood has filled a hernia sack. 
The hernia in this case should be repaired electively after the 
injuries are healed [7].
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Groin Pain: Neuropathies and Compression 
Syndromes

Urszula Zdanowicz and Robert Smigielski 

Nerves entrapment must always be considered as a dif-
ferential diagnosis of groin pain. [6]. There are four main 
nerves that might be involved: obturator nerve, ilioinguinal 
nerve, iliohypogastricus, and genitofemoral nerve and their 
branches. According to Bradshaw, obturator nerve entrap-
ment is the reason for groin pain in 6% of cases, while 
ilioinguinal nerve entrapment in 4% of cases [2]. Although 
these are not the most frequent pathologies, these are one 
of the most difficult diagnostic challenges [4]. Furthermore, 
due to theirs innervations, symptoms may mimic or coexist 
with other pathologies in the groin region.

Obturator Nerve Entrapment

Anatomy

Detailed knowledge of the anatomy of the medial thigh region 
and the morphological variants of the obturator nerve is 
essential to understanding, diagnosis, and effectively treating 
patients with chronic groin pain [4]. Obturator nerve origi-
nates from the anterior division of the ventral rami of the sec-
ond, third, and fourth lumbar spinal nerves within the psoas 
major muscle. The obturator nerve is formed by the unifica-
tion of the rami and descendens through the psoas muscle to 
emerge from its medial border at the pelvic brim. Then it runs 
into the lesser pelvis and passing through the obturator fora-
men, where it divides into anterior and posterior branches.

Anterior branch innervates [9]

Adductor longus muscle
Gracilis muscle
Adductor brevis muscle
Sensory branches to skin and fascia of the medial aspect 
of the mid-tight 

Posterior branch innervates [9]

Obturator externus muscle
Motor branch of adductor magnus muscle
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Sensory branch to knee joint
Adductor brevis muscle (sometimes)

In some patients (about 13%), we may also observe acces-
sory obturator nerve that usually arises from L3 and L4, but 
may also be formed by rots from L2. It occurs predominantly 
on the left side of the body [2, 3] Accessory obturator nerve 
descends along the medial border of the psoas muscle and 
crosses the superior pubic ramus to lie behind the pectineal 
muscle. Pectineal muscle, as well as the hip joint is inner-
vated by that nerve.

Symptoms and Diagnosis

The most common symptom is sensory alteration in the medial 
tight. Some athletes may also present with pain and weakness 
in leg adduction. However, weakness of adductor muscles 
may not always be obvious, because they get partial innerva-
tion from femoral and sciatic nerve. Other patients may expe-
rience presence of a small area of sensory loss with exercise or 
exacerbating after physical activity [2, 9]. Some patients are 
able to point out the exact location of pain/aching on the pubic 
bone, at the proximal attachment of adductor tendon. Partial 
rupture of proximal attachment of adductor tendon may be the 
only pathology; it may coexist with nerve entrapment or may 
be even the reason for entrapment. That is probably why there 
are great variations between results of treatment.

There may be also a referred pain in the region of the ipsilat-
eral anterior-superior iliac spine. The pain is usually intermit-
tent, worsening during and after exercise. There is usually loss 
of adductor tendon reflex; however, it is not pathognomonic for 
obturator nerve entrapment [9] with preservation of other deep 
tendon reflexes. Pain may be also induced by stretch of pectineal 
muscle (passive external rotation and abduction while stand-
ing). Howship–Romberg sign may also be positive (medial 
knee pain after hip abduction, extension, and internal rotation).

It is very important, especially in unclear cases of groin 
pain, to examine the patient at rest and after physical activity.

The mechanism of obturator nerve entrapment is not clear. 
There are studies suggesting that entrapment may occur at 
the following levels [4, 9]:

Within the obturator canal, by the vascular bundle of 
the obturator vessels or as a complication after gyneco-
logical/orthopedic surgery, inflammatory changes in 
the pubic bone
In the fibromuscular canal formed by the anterior surface 
of the obturator membrane and the posterior surface of 
the obturator externus muscle
In the muscular tunnel where the posterior division perfo-
rates the obturator externus muscle

Within the distinct fascial plane situated deep to the 
pectineus and adductor brevis muscles, and superficial to 
the obturator externus and the proximal one-third of the 
adductor magnus muscles

Often obturator neuropathy is a complication after pelvic 
trauma or surgery (including hernia surgery). According to 
Bradshaw [2] obturator neuropathy may result from local 
fascial and/or vascular nerve entrapment. There may be also 
inflammatory or fibrotic process involved. It seems that also 
differences in bony pelvic anatomy between sexes may play 
a role in the prevalence of obturator neuropathy in males.

Definite diagnosis may be confirmed by electrophysio-
logic studies (in cases of chronic denervation). These dener-
vation findings of adductor muscles should be consistent 
with normal EMG of other muscles in that area (such as ili-
opsoas or quadriceps muscle) [9] Obturator nerve block with 
local anesthesia should reproduce muscles weakness and 
relieve pain from provocative stretches [2].

In some cases, it is possible to visualize muscle atrophy in 
MRI. However, MRI is unable to detect any abnormality of 
the nerve in the tight or in the fibro-osseus tunnel.

Due to similar symptoms sport physician should always 
exclude or diagnose other possible causes of groin pain.

Treatment

In chronic cases conservative treatment is usually not effective 
and surgical revision gives spectacular improvements. Acute 
cases have greater chances for improvement with conservative 
treatment. That treatment usually involves: rest or at least 
activity modifications, nonsteroidal anti-inflammatory drugs, 
physical therapy or nerve blocks. However, especially in high 
level athletes, conservative treatment may not be suitable [9].

Surgical nerve decompression usually gives fast and 
excellent results and most of the athletes come back to full 
sport activity within 4–6 weeks, unless there is also other 
pathology in groin area that would require some treatment.

Ilioinguinal, Iliohypogastricus,  
and Genitofemoral Nerve Entrapment

Anatomy

Ilioinguinal and iliohypogastricus nerve arise from Th12-L2, 
then passes together laterally through psoas muscle, subse-
quently extended along the ventral surface of the lumbar 
quadrate muscle to the crest of the ilium. Both nerves continue 



Groin Pain: Neuropathies and Compression Syndromes 273

their course toward the deep inguinal ring on the inner surface 
of the transversus abdominis muscle. Both pass through trans-
versus abdominis muscle and then run between this muscle 
and internal oblique abdominis muscle. After piercing the 
internal oblique abdominis muscle, both nerves run between 
internal and external oblique abdominis muscles.

Genitofemoral nerve originates from L1 and L2 then pierces 
the psoas muscle. According to Rab, in 58% of his dissections 
the genitofemoral nerve pierces the psoas muscle as a distinct 
trunc and in the remaining 42% of cases [6] genital and femo-
ral branches already pierce separately the psoas muscle.

Finally ilioinguinal nerve together with genitofemoral 
nerve enter inguinal canal. Their site in the inguinal canal 
and cutaneous branches may quite vary and these different 
variations may be categorized into four types: A, B, C, and D 
(Table 1) [6]. These data have implications for all surgeons 
operating in the groin area. In over 70% of cases (type A and B) 
the surgeon must consider that only one cutaneous component 
exits the superficial inguinal ring on the dorsal (type A) or the 
ventral (type B) side of the spermatic corde [6].

Symptoms and Diagnosis

Groin pain that is located medially and radiates to scrotum or 
testicle, the labia majora and medial tight, should be sus-
pected as potentially coming from some kind of ilioinguinal 
or genitofemoral neuropathy [6–8].

Typical triad of neuropathic symptoms include:

1. Burning pain near the incision radiating to the area of skin 
innervation

2. Impaired sensory perception of the nerve
3. Pain is relieved by local anesthetic infiltration

Treatment

According to Alfieri most patients with iliohypogastricus or 
ilioinguinalis neuropathy are getting better within 1 year with 

conservative treatment [1]. He postulates that no surgical 
treatment should be considered for at least 1 year for these 
patients, especially in cases of postsurgical (e.g., after hernia 
open repair) pain, due to probable nerve injury. Nerve should 
recover within a year.

True incidence of nerve entrapment might be higher than 
postulated, because surgical manipulation of groin area  
(in patients misdiagnosed as “sport hernia”) might release 
the entrapped nerve and bring a resolution of symptoms [5].

Case Example: Iliohypogastricus Neuropathy 
in Professional Athlete

A 26-year old female Olympic champion in shot put suffered 
from pain in the groin region (Fig. 1) during training and 
after big meals. She had no previous history of injury in that 
area. She was treated by several physicians and tried major-
ity of available conservative treatment with no improvement. 
Based on clinical symptoms and US and after exclusion of 
other pathologies in the groin area she was diagnosed with 
iliohypogastricus nerve entrapment due to distention of 
aponeurosis of external oblique muscle (Fig. 2). During 
operation patient was anesthetized with spinal anesthesia 
and was able to tight abdominal muscles and by dint of that 
it was possible to observe the nerve compressed between 
aponeurosis. We released the nerve (Fig. 3) and performed a 
simple plasty of aponeurosis (Fig. 4). Already, during the 
early postoperative period, the athlete was very satisfied with 
the result and claimed that all pain disappeared. She came 
back to full training after 6 weeks.

Table 1 Anatomical variations of skin innervation regions of geni-
tofemoral and ilioinguinal nerves, according to Rab Rab 2001

Innervation Type A 
(43.7%)

Type B 
(28.1%)

Type C 
(20.3%)

Type D 
(7.8%)

Skin of the 
pubis

GFn IIn GFn and IIn GFn and IIn

Skin of the 
ventral scrotum/
ventral labia

GFn IIn GFn and IIn GFn and IIn

Skin of the 
ventromedial 
tight

GFn IIn GFn GFn and IIn

GFn GenitoFemoral nerve, IIn IlioInguinal nerve

Fig. 1 Twenty-six-year old female, Olympic champion in shot put suf-
fered from pain in the groin region due to iliohypogastricus 
neuropathy
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Fig. 2 Distention of aponeurosis of external oblique muscle in the point 
of pain location

Fig. 3 Iliohypogastricus nerve in between distention of aponeurosis of 
external oblique muscle

a b

Fig. 4  (a, b) Plasty of aponeurosis of external oblique muscle
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Bone and Joint Problems Related  
to Groin Pain

Michal Drwiega 

In recent years, the number of people playing regular sport 
has increased. The number of adults in England who regu-
larly play sport has risen by more than half a million over 
the past 2 years, according to a recent study [36]. Regular 
means taking part in sport at least three times a week, for 
a minimum of 30 min, at moderate intensity. With increas-
ing numbers of sportsmen around the world, there are more 
sport-related injuries to the groin, and as a result our under-
standing of the functional anatomy around the groin has 
been improved and refined [10]. Technological progress has 
delivered such diagnostic tools as ultrasound, magnetic reso-
nance imaging (MRI), and computed tomography (CT). All 
these advances have significantly broadened the differential 
diagnosis of groin pain (Table 1). Because of the limited 
space in this chapter, we will flash on bone and joint prob-
lems that are of insidious onset. Pathologies of acute onset 
usually present less of a diagnostic problem. Even the best 
radiology department cannot identify exactly the real cause 
of pain if we fail to take into account the medical history and 
physical examination.

Assessment and Clinical Examination  
of Athletes with Groin Pain

Medical History

First, we need to ask the patient about the circumstances of 
the injury. In the case of acute injuries, determining the 
mechanics offers a better understanding of what might have 
happened. There are also specific injury issues related to the 
age of the sportsman. We have to ask about the exact local-
ization of the pain and its radiation. The patient has to indi-
cate how long the pain has persisted and also describe its 
character. Is it sharp or dull? Is it constant or does a particular 
position or activity exacerbate it? A typical pain emanating 
from inside the joint is localized deep in the groin, often radi-
ating to the medial or lateral thigh, sometimes to the knee or 
buttock [19]. Pain can be sharp or chronic, usually aggra-
vated by motion, but it may often be present at rest. Symptoms 
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like clicking inside the joint, blockade, and restriction of 
joint motion indicate intra-articular pathologies. It is also 
important to have extensive knowledge about the injury bio-
mechanics related to particular sports (e.g., long-distance 
runners are more prone to chronic stress fracture, but vol-
leyball players or skaters are susceptible to labral injuries).

Physical Examination

Physical examination is a very important part of the whole 
examination because it allows us to narrow the list of possi-
ble pathologies and determine the range of radiological 
examination to be performed. The practitioner starts the 
physical examination at the very beginning of the consulta-
tion. It is possible to observe patients’ natural manner of 
walking as they enter the consulting room, their way of mov-
ing and sitting. Examination of the hip area is performed in 
both the standing and lying positions. It is necessary to pal-
pate the anterior part of the hip joint, trochanter major, iliac 
crest, iliosacral joints, symphysis ossium pubis, and all 

muscle attachments around the pelvis. Then, the range of 
movement of the hip joint is checked, comparing it with that 
of the other side and against reference values [18]. It is valu-
able to perform Drahman, Thomas, Ely Laseque, Ober, 
McCarthy, and Patric tests [4]. Tests for specific pathologies 
will be mentioned later in this chapter.

Roentgenographic Evaluation

The basic radiographic examination involves carrying out 
X-rays in the anteroposterior (AP) standing and abduction and 
external rotation (Lowenstein) positions. Most fractures and 
avulsions can be detected or at least suspected by these X-rays. 
Furthermore, it is possible to determine signs of femoroac-
etabular impingement (FAI), which can be a source of further 
injuries. In more complicated fractures, stress fractures, or in 
suspected fracture, CT is indicated. The most accurate exami-
nation for soft tissues around the groin and hip is Magnetic 
Resonance Arthrography (MRA). That is the only examina-
tion allowing evaluation of the hip joint cartilage, labrum, 
ligamentum teres, and other soft tissues around the groin.

Extra-Articular Pathologies

Stress Fracture

These fractures occur when an essentially normal bone is 
unable to respond adequately to abnormal stresses or when 
abnormal bone is unable to compensate for normal stresses. 
Repetitive weight-bearing activities, change to more inten-
sive training, low level of aerobic fitness prior to starting 
training, trauma, metabolic and rheumatological diseases, 
amenorrhea, and osteopenia are some of the risk factors of 
stress fractures [29]. They usually occur in young, hyperac-
tive persons such as runners, long-distance marchers, and 
track and field athletes [2]. The two most common sites of 
stress fractures around the groin are the femoral neck and 
pelvis (Fig. 1). Stress fractures of the pelvis are significantly 
less common, accounting for 1–7% of all reported stress frac-
tures [39]. Stress fractures of the pubic rami have been 
reported in long-distance runners, mostly in females. Patients 
report a history of insidious-onset pain over the groin, perineal 
region, buttock, or thigh [28]. There is direct tenderness over 
the pubic ramus, with normal or decreased hip range of 
motion. Early radiographic changes may show a faint radio-
lucency of the cortex or periosteal reactions in the later stages. 
Repeated radiographs after at least 2 weeks of rest may show 
evidence of bone healing with callus formation. If stress frac-
ture is suspected and not evident in X-rays, MRI is often the 

Table 1 Possible problems related to groin pain

Intra-articular Extra-articular

Slipped capital femoral 
epiphysis

Stress fracture (pelvis, neck of 
femur)a

Legg–Calve–Perthes disease Femoral fracture

Osteochondritis dissecans Avulsion fracture around hip

Septic hip joint arthritis Pelvis fracture

Bone and marrow inflammation Iliopsoas tendonitis

Avascular femoral head 
necrosis

Greater trochanteric bursitis

Chondral damagea Gluteus medius or minimus 
rupture

Labral tearsa Rectus abdominis enthesopathy

Femoroacetabular 
impingementa

Adductor strain/enthesopathy

Ligamentum teres rupturea Piriformis syndrome

Loose bodiesa Sacroiliac joint pathology

Synovial chondromatosisa Nerve entrapments (ilioinguinal, 
genitofemoral, obturator, 
iliohypogastric, lateral femoral 
cutaneous)

Crystaloarthropaties Hernias (inguinal, femoral)

Capsular laxity Sports hernia

Osteitis pubisa

Osteomyelitis

Bladder inflamation

Nephrolothiasis

Bacterial prostatitis
aPathologies discussed in this chapter
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diagnostic procedure of choice because of its high sensitivity 
and specificity for detecting stress fractures. Stress fractures 
are also well seen on CT scans. Femoral neck stress fracture 
is classified as type A, B, or C according to the location of the 
fracture in the femoral neck [12]. In type A (tension fracture), 
the fracture line is on the lateral side of the femoral neck. In 
type B (compression type), the fracture line is on the medial 
side. In type C (displaced type), fractures are complete and 
displaced. Treatment of stress fracture may range from short, 
conservative treatment to operative treatment in selected 
cases (e.g., type A and C femoral neck stress fracture). 
Conservative treatment consists of non-weight bearing, 
cross-training, core and hip strengthening, and gradual 
increase in activity. The total rehabilitation time for optimum 
healing and return to activity may take upwards of 4–8 weeks 
[34]. Initial operative treatment increases the likelihood of 
proper healing and prevention of recurrence.

Osteomyelitis Versus Osteitis Pubis  
and Instability of the Pubic Symphysis

The symphysis pubis is a nonsynovial amphiarthrodial joint 
situated at the confluence of the two pubic bones, consisting of 
an intrapubic fibrocartilagenous disk sandwiched between thin 
layers of hyaline cartilage. Osteomyelitis of the pubic symphy-
sis differs from osteitis pubis [27]. The latter is an entity char-
acterized by pelvic pain and bony destruction of the margins of 
the pubic symphysis. It is a self-limiting inflammation second-
ary to pelvic surgery, trauma, overuse in athletes, and child-
birth. Osteomyelitis pubis, on the other hand, has the same 
clinical signs, but it is infectious in nature. The pathogenesis of 
both is still unclear. The most commonly cited infecting agent 
for osteomyelitis is Staphylococcus aureus, and the cause of 
osteomyelitis pubis is postoperative inoculation, particularly 
after gynecological and urological operations, often when a 
technical complication has occurred.

For osteitis pubis, periosteal trauma is frequently cited as 
a common etiological factor [41]. Patients initially experi-
ence insidious pain in the adductor and suprapubic regions 
that progressively develops with time. It is most commonly 
seen in runners, soccer players, swimmers, and hockey play-
ers [1]. Standing AP radiographs show signs of osteitis pubis 
(Fig. 2), with resorption of sclerosis of the bone adjacent to 
the pubic symphysis. Flamingo view radiographs are also 
recommended to determine vertical displacement of the pubic 
symphysis. A difference of greater than 2 mm is considered 
diagnostic [41]. By means of nonoperative therapeutic mea-
sures, osteitis pubis is usually a self-resolving condition. The 
treatment for this condition is a combination of rest and/or 
modification of extreme activity, oral anti-inflammatory anal-
gesia, and hip-stretching exercises. A corticosteroid injection 
may be considered, although all forms of injections carry 
risks, including introduction of infection, hemorrhage, and 
inadvertent intravascular injection with subsequent cardiac 
side effects. In today’s era of professional sports, it is difficult 
for injured athletes to successfully follow nonoperative treat-
ment regimens involving long periods of rest from their sport. 
The presence of symphyseal instability may be an indication 
for surgical treatment. The majority of patients return to light 
training within 12 weeks of the procedure [41].

Intra-Articular Pathologies

Labral Tears

The acetabular labrum is a triangular fibrocartilage that is 
attached at its base to the rim of articular cartilage surround-
ing the perimeter of the acetabulum. It varies greatly in form 
and thickness. The labrum deepens the acetabulum and acts 
as a hip stabilizer by extending the surface area of the hip 

Fig. 1 Stress fractures of the pelvis

Fig. 2 Osteitis pubis
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joint and by providing negative intra-articular pressures.  
It distributes synovial fluid, and because free neural endings 
are present in all parts of the acetabular labrum [26] it also 
provides proprioceptive feedback [21]. Studies link acetabu-
lar labrum tears to aging and degeneration [37]. Tears are 
also associated with posterior dislocation of the hip, dyspla-
sia, Perthes’ disease, previous slipped capital femoral epi-
physis, and in association with FAI [16, 20]. The most 
common cause of hip labral tears is the application of an 
external force on the hyperextended externally rotated hip 
[25]. In sportsmen, labral tears are mainly caused by rela-
tively minor injuries like twisting, slipping, and falling. As a 
result, those who participate in hockey, football, soccer, bal-
let, gymnastics, and running appear to be at increased risk of 
labral tears. The pain is mainly in the groin, but it may be in 
the trochanteric and buttock region. The onset can be acute 
or gradual, often connected with a clicking and catching sen-
sation. This worsens with activity, walking, and prolonged 
sitting [5]. There are a number of clinical tests for recogniz-
ing labral tears. A combination of flexion and rotation move-
ments causing pain provides indications about the localization 
of the tears (Table 2). The most reliable study for diagnosis 
of labral tears appears to be small-field magnetic resonance 
arthrography; there is a reported sensitivity of 90% and an 
accuracy of 91%–100% [9, 40]. Patients who have persistent 
hip pain for longer than 4 weeks, clinical signs, and radio-
graphic findings consistent with a labral tear are candidates 
for hip arthroscopy. An arthroscopic classification of labral 
tears is described by Lage et al. [23]. They divided tears into 
four groups: A, radial flap; B, radial fibrillated; C, longitudi-
nal peripheral; and D, abnormally mobile. The aim of 
arthroscopic treatment is to debride, remove, or repair the 
labrum followed by a rehabilitation program. Rotation limi-
tation is necessary for 18–21 days, and straight leg raising is 
prohibited for 4 weeks.

Chondral Damage

There are many causes of chondral damage, including labral 
tears, loose bodies, dislocation, avascular necrosis, dysplasia, 
and previous slipped capital femoral epiphysis. Chondral 
lesions in sport may be traumatic (so-called lateral impact 
mechanism) or may be a result of FAI. Lateral impact mecha-
nism occurs after a blow to the greater trochanter, which, 
because of its subcutaneous location, has minimal ability to 
absorb large forces. The whole energy and load is transferred 
to the joint surface, resulting in chondral lesion of the femo-
ral head and acetabulum. Patients may report generalized 
pain, stiffness, and decreased range of motion (ROM).  
On examination, gait, leg-length discrepancy, ROM, and 
impingement should be assessed. Where effusion is present, 

the position of the hip at rest shows abduction, flexion, and 
external rotation. Traumatic chondral damage is usually not 
seen in plain radiographs. Gadolinium-enhanced magnetic 
resonance arthrography (MRA) is currently the best noninva-
sive means of evaluating chondral lesions in the hip [40].  
To address soft tissue pathology that does not improve with 
nonoperative management, hip arthroscopy is used, with 
debridement of loose flaps and removal of free cartilage frag-
ments. Microfracture can be considered in focal or contained 
lesions less than 2–4 cm in diameter on the weight-bearing 
surface [8, 33]. When cartilage peel off of the anterior acetab-
ular rim, it is advised to perform microfracture of the base 
and suture the cartilage. Continuous passive motion is used 
for 6–8 weeks postoperatively to heal the cartilage. No weight 
bearing at this period is allowed. Any impact sport is not pos-
sible earlier than 4–6 months after the operation [8, 33]

Femoroacetabular Impingement

FAI is a significant cause of hip pain in athletes. This 
mechanical impingement of the hip is believed to originate 
in either a bony deformity at the femoral head–neck junction 
or acetabular retroversion [13] (Fig. 3). Patients feel pain 
because of labral or chondral defects produced by impinging 
structures. Ganz et al describe two types of FAI—cam and 
pincer. Cam impingement results from abnormalities at the 
femoral head–neck junction. This deformity elevates labrum 
and compress the cartilage. With repeated insults, the labrum 
may completely detach from the acetabular rim, and the car-
tilage may fully delaminate. Pincer impingement results 
from acetabular overcoverage, where the well-shaped femo-
ral neck hits the labrum and cartilage. The chondral injuries 
resulting from a pincer impingement are typically less severe 
than those from a cam impingement [32]. It is worth empha-
sizing that there are two conditions to be completed before 
impingement occur: joint morphology and motion. The 
causes of cam and pincer FAI remain unclear. The etiology 

Fig. 3 Bony deformity at femoral head–neck junction
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of a decreased head–neck offset is not completely under-
stood. Pistol grip deformity has been attributed to a form of 
subclinical slipped capital epiphysis, to growth disturbance 
of the capital epiphysis, or to growth disturbances of the 
proximal femur. Pincer FAI may be the result of a variety of 
morphological changes of the acetabulum, including acetab-
ular retroversion, coxa profunda, and protrusion acetabuli as 
well as some posttraumatic deformities. Depending on local-
ization, patients usually have sharp anterior pain with deep 
flexion, internal rotation, or abduction. Athletes may have 
difficulty squatting and with cutting movements. Sitting for 
extended periods of time, climbing up stairs, getting into and 
out of a car, or just putting on shoes and socks may also be 
difficult. Some sports and activities are especially prone to 
deformity, such as hockey, golf, dancing, football, and soc-
cer. On examination, a complete gait analysis, motor strength 
testing, and ROM testing should be performed. There are 
two main tests for FAI (anterior impingement test and 
Patrick’s test), but most maneuvers used in labral tears diag-
nostics are helpful (Table 2). During the anterior impinge-
ment test, patients report deep anterior pain in a position of 
90° of passive hip flexion and maximal internal rotation. 
Patrick’s test places the hip in flexion, abduction, external 
rotation (FABER) [30]. The clinician should observe the dis-
tance between the lateral genicular line and the examination 
table. This distance is increased in patients with FAI. Pain 
during this maneuver has not been shown to be specific to 
FAI, as it may also be indicative of intra-articular, psoas, or 
sacroiliac lesions. All patients with suspected FAI should 
undergo AP pelvis and cross-table lateral radiography in 
addition to MRA. Most patients will have been told previ-
ously that their hip radiographs are normal, but it is impor-
tant to review these images again to evaluate subtle 
abnormalities, such as crossover or posterior wall signs [35]. 
The radiograph should be analyzed with respect to symme-
try to ensure that a true AP view of the pelvis has been 

obtained. The coccyx and symphysis pubis should be directly 
overlying, with no greater than 2 cm separation [38]. On the 
plain radiograph, one should also measure the femoral neck-
shaft angle, acetabular index, and center-edge (CE) angle of 
Wiberg (Table 3; Fig. 4) [15]. A reduction in the superior 
femoral head–neck offset (pistol grip) has been suggested as 
being the cause of cam impingement (Fig. 5). CT may also 
be performed as needed. It can be helpful in preoperative 
planning for mapping the shape of the acetabular rim and 
femoral head–neck junction. Since hip impingement is a 
mechanical problem, conservative measures will not elimi-
nate the source. Conversely, arthroscopic osteoplasty for 
both cam and pincer impingement has been described for 
professional athletes, with good results [31]. During arthros-
copy of the hip with FAI, chondral damages are addressed, 
followed by osteoplasty of the head–neck junction or acetab-
ular rim trimming with labrum repair, if required. After 

Table 2 Correlation between specific maneuvers causing pain and 
localization of labral tears

Maneuvers Localization of labral tear

Flexion, adduction, and internal 
rotation [24]

Anterior superior tears

Passive hyperextension, abduction, 
and external rotation [24]

Posterior tears

Acute flexion with external rotation 
and full abduction, followed by 
extension, abduction, and internal 
rotation [11]

Anterior tears

Extension, abduction, and external 
rotation followed by flexion, 
adduction, and internal rotation [11]

Posterior tears

Passive flexion, internal rotation, 
and posterior load [17]

Posterior tears

Table 3 Reference values for typical angles in assessment of FAI

Angles Reference value

Center-edge angle (angle of 
Wiberg)

>25° (30°–40°)

Acetabular index 4–10°

Neck-shaft angle <140°

Fig. 4 A – femoral neck-shaft angle, B – acetabular index and C –  
center-edge angle
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head–neck junction osteoplasty, weight-bearing restrictions 
should be taken into consideration to avoid femoral neck 
fracture. Full weight bearing is possible 4 weeks after opera-
tion. No high-impact activities are allowed for at least 
6–12 weeks. Continuous passive motion is recommended for 
4–8 weeks, depending on chondral repair. To avoid hetero-
topic ossification, the use of strong nonsteroidal anti-inflam-
matory drugs is recommended for 2 weeks postoperatively.

Ligamentum Teres Rupture

Recent studies report rupture of the ligamentum teres to be 
third most common problem related to intra-articular hip 
problems [6]. Normally, the ligamentum teres arises from the 
transverse acetabular ligament and posterior inferior portion 
of the acetabular fossa and attaches to the femoral head at the 

fovea capitis. Rupture of the ligamentum teres may occur 
owing to traumatic hip dislocation, previous hip surgery, 
twisting injuries, or without any noticeable history of trauma. 
The ligament should be taut with flexion, adduction, and 
external rotation or maximal abduction connected with inter-
nal rotation. Patients complain of pain in the inguinal or 
thigh region, sometimes also the deep gluteal muscle or knee, 
accompanied by claudication, clicking, locking, or giving 
way; symptoms, though, depend on the rupture type. Three 
types of tears have been described: complete rupture (type I), 
partial rupture (type II), and degenerative tears associated 
with joint pathology (type III) [14]. Physical examination 
reveals decreased ROM and pain with motion and straight 
leg raising. Standard radiographic examination shows no 
abnormal morphology. Even in MRA, the pathology is not 
always evident. Strong suspicion of ligamentum teres rup-
ture is an indication for arthroscopy. During surgery, debri-
dement should be limited to the disrupted fibers, and 
indiscriminate resection should be avoided [7].

Loose Bodies

Intra-articular loose bodies can have different origins. They 
may or may not be ossified, chondral, osteochondral, fibrous, 
or foreign. There are number of hip pathologies connected 
with the production of loose bodies: synovial chondromato-
sis, pigmented villonodular synovitis, osteochondritis disse-
cans, degenerative osteoarthritis, avascular necrosis, and 
joint dislocation. Synovial chondromatosis is a rare and 
benign metaplasia of the synovial membrane, resulting in the 
formation of multiple intra-articular cartilage bodies. Its 
cause is unknown. In athletes, low-energy repeated trauma 
leading to chondral injury may result in loose body forma-
tion [22]. Patients complain of catching, locking, and click-
ing in addition to hip stiffness and anterior groin pain. 
Limited ROM is found on examination. Ossified loose bod-
ies can be readily seen on plain radiographs or CT examina-
tion. Nonossified bodies should be evident in MRA, although 
this is not always the case. Loose bodies that remain in the 
central compartment of the hip or in the peripheral compart-
ment near the femoral head may cause chondral destruction. 
The treatment of choice in the case of hip loose bodies is hip 
arthroscopy. Both central and peripheral compartments 
should be checked. Small bodies can be easily removed by 
suction; others need to be eliminated by graspers. In the case 
of synovial chondromatosis, the bigger the bodies are, the 
greater the likelihood of recurrences after surgery. Boyer and 
Dorfmann reported that only 45.9% of 120 patients treated 
for primary synovial chondromatosis required no further 
treatment [3].

Fig. 5 Pistol grip deformity of the femoral neck
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Lateral Meniscal Variations  
and Treatment Strategies

Özgür Ahmet Atay, lyas Çağlar Yılgör, and Mahmut Nedim Doral 

History

The menisci consist of semilunar fibrocartilage, partly filling 
the space between the femoral and tibial bones. The most 
common meniscal anomaly is discoid shape of the lateral 
meniscus. Other anomalies are: hypoplasias, abnormal inser-
tions, and double-layered lateral meniscus.

Discoid lateral and medial menisci were first described in 
cadaver specimens by Young in 1889 [77] and Watson-Jones 
in 1930 [73], respectively. Kroiss attributed the term “snapping 
knee syndrome” to it in 1910 [42]. A more precise diagnosis 
and classification was made by Watanabe et al. in 1979 [72].

Embryology

The normal menisci differentiate within the limb bud from 
mesenchymal tissue early during fetal development. They 
are clearly defined at the 8th week of gestation and gain 
mature anatomical shape at the 14th week [7], without ever 
possessing a discoid shape [34].

Anatomy

The lateral meniscus is somewhat more circular than the 
C-shaped medial meniscus. This is because the posterior and 
anterior horns of the lateral meniscus attach to the nonarticu-
lar area of the tibial plateau. A normal lateral meniscus forms 
five-sixths of a circle. It has an average width of about 12 mm 
and a height of 4–5 mm, although the normal anatomy varies 
considerably with regard to dimension and shape.

In adults, the C-shaped medial meniscus covers 50% of 
the medial tibial plateau and is connected firmly to the joint 
capsule by coronary, meniscotibial, and deep medial collat-
eral ligaments; whereas the lateral meniscus covers 70% of 
the lateral tibial plateau and has firm anterior and posterior 
attachments, while its lateral joint capsule attachment is 
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loose because there is no attachment at the popliteal hiatus 
and lateral collateral ligament. Therefore, the normal lateral 
meniscus has more mobility than the medial meniscus, 
allowing an increased excursion of the lateral femoral con-
dyle. Variably present posterior and anterior meniscofemoral 
ligaments (Wrisberg’s and Humphrey’s ligaments) pass from 
the posterior horn of the lateral meniscus to the medial aspect 
of the notch. Wrisberg’s ligament passes posteriorly to the 
posterior cruciate and Humphrey’s ligament passes anteri-
orly. Usually only one of these structures is present, and they 
vary quite markedly in size. The posterior third of the lateral 
meniscus receives a strong insertion from the popliteus mus-
cle into its posterior horn, which allows the meniscus to be 
pulled posteriorly as the knee flexes [31]. Together with the 
popliteal tendon, the lateral meniscus stabilizes the knee 
against excessive posterolateral rotational forces.

The most common lateral meniscal variant is discoid in 
shape, which implies greater coverage of the tibia and usu-
ally increased thickness. It was believed that this variant may 
involve only part of the meniscus (in which case it was so 
called an anterior or posterior megahorn), or it may involve 
the entire meniscus. Recent studies suggest that these mega-
horns can be caused by partial tears of the relevant meniscal 
part and are not congenital variants. Variants can be normal 
in shape but hypermobile due to abnormal insertions or 
abnormal in shape, such as circular (ring-shaped) meniscus 
[8, 10, 28, 37, 50]. Other anomalies of the lateral meniscus 
include partially duplicated lateral meniscus and double-
layered lateral meniscus [19, 40, 66].

Epidemiology

The actual incidence of lateral meniscus variations is diffi-
cult to estimate due to the high rate of asymptomatic patients. 
The reported prevalences of discoid lateral meniscus vary, 
depending on the method of investigation, the selection cri-
teria, and the patient population. The Wrisberg type is con-
sidered to be less common.

Earlier studies suggested the prevalence of lateral dis-
coid meniscus of symptomatic patients who underwent 
open menisectomy ranged from 2% to 5% [63, 72]. More 
recent arthroscopic studies have recorded prevalences vary-
ing from 0.4% to 16.6% [6, 22, 24, 29, 53]. These studies 
may be more accurate representations of the true preva-
lence, because asymptomatic discoid menisci are also 
included. Cadaveric studies suggest a prevalence ranging 
from 0% to 7% [17, 54, 74]. Discoid menisci have been 
reported more frequently in Asian countries than in other 
regions of the world [29, 38].

Bilateral occurrence has been reported in 20% of patients 
with discoid lateral menisci [14].

Etiology

The underlying causes of lateral meniscal abnormalities are 
multifactorial. Several theories try to explain the etiology of 
the variant lateral meniscus. Smillie [63] hypothesized that 
the discoid meniscus results from the lack of resorption of a 
central cartilaginous disk during normal development. Kaplan 
[34]; Clark and Ogden [18], and Andrish [7] later disputed 
this theory, because they could not identify a discoid menis-
cus at any stage of the embryonic development. The menisci 
are clearly defined at the 8th week of gestation and gain 
mature anatomical shape at the 14th week. Kaplan [34] sug-
gested that a normally shaped meniscus with abnormal 
attachments would have abnormal medial-to-lateral motion 
which will cause repetitive trauma that results in a change in 
the meniscal shape. During extension, due to the tension in 
the meniscofemoral ligament, the meniscus subluxates pos-
teromedially into the notch, and due to the pull of the popli-
teus and capsule reduces back into the joint on flexion [34]. 
The abnormal lack of a posterior tibial attachment could be a 
failure of formation due to phylogenetic incompletion [44]. 
A circular meniscus [37] could be further evidence of this 
implication. The problem with this theory is that stable dis-
coid menisci with normal attachments have been identified.

Woods and Whelan [74] and Clark and Ogden [18] favor 
a congenital origin. Woods and Whelan explain the unstable 
discoid meniscus as being a congenitally stable discoid 
shaped meniscus that became unstable by posterior capsular 
separation due to increased shear forces. The causes of the 
other unstable types are even less clear. Originally, Watanabe 
[72] described the Wrisberg type as a normally shaped 
meniscus with abnormal attachments. Since then, other 
unstable variants have been included in this category; these 
probably represent several subtypes and as many different 
origins [22, 29, 47, 53].

Kaplan [34] described a normally shaped meniscus with 
abnormal attachments due to repeated trauma. Woods and 
Whelan [74] and Hayashi et al. [27] described a stable dis-
coid meniscus becomes unstable due to shear forces. A third 
possibility is a discoid meniscus without posterior tibial 
attachments. Neuschwander [53] suggested a forth type as a 
normally shaped meniscus with lack of posterior tibial 
attachments. These all suggest a wide range of abnormalities 
leading to unstable meniscus presenting with similar symp-
toms often resulting in the “snapping knee” syndrome.  
It remains unclear whether all unstable types have the pres-
ence of the meniscofemoral ligament in common, which 
would allow subluxation and reduction to occur, accompa-
nied by snapping [33]. Jordan [33] believes the primary 
pathology derives from the lack of a posterior tibial attach-
ment in the presence of a meniscofemoral ligament attach-
ment. The meniscofemoral ligament acts like a checkrein, 
allowing subluxation and reduction rather than dislocation.



Lateral Meniscal Variations and Treatment Strategies  287

Classification

The lateral meniscus is more variable than the medial menis-
cus morphologically in size, thickness, shape, and mobility. 
Abnormal lateral menisci are classified as stabile or unstable 
according to their attachments. Less common abnormalities 
are hypoplasy, partial deficiency [69], and double-layered 
lateral meniscus.

The traditional classification of the discoid menisci was 
made by Watanebe [72] in 1979: (1) complete discoid menis-
cus, (2) incomplete discoid meniscus, and (3) Wrisberg-type 
meniscal variant. Watanabe [72] pictured Wrisberg type as a 
nearly normal shaped meniscus but hypermobile due to lack 
of posterior tibial attachments. Since then, other unstable 
menisci with both normal and discoid shape have been 
included as Wrisberg type [22, 34, 74]. Neuschwander et al. 
[53] described a lateral meniscal variant with the absence of 
the posterior coronary ligament; that is nearly normal in mor-
phology but lacks a posteriortibial attachment, which results 
in hypermobility which nowadays can be classified within the 
Wrisberg type.

This traditional classification was expanded by Monllau 
et al. [50] in 1998. They’ve added a fourth type to describe a 
ring-shaped meniscus characterized by a ring-shaped mor-
phology with a normal posterior tibial attachment (Fig. 1).

Jordan [33] proposed a new classification based on both 
arthroscopic and clinical findings, which describes more 
completely the various lateral meniscal types and how they 
influence treatment (Table 1).

A more recent article by Ahn et al. [4] suggests a classifi-
cation based on magnetic resonance imaging (MRI) findings. 
In their study of 82 knees they classified the findings into four 
categories: (1) No shift: the peripheral portion of the discoid 
meniscus is not separated from the capsule. (2) Anterocentral 
shift: the periphery of the posterior horn is detached from the 
capsule, and meniscus is displaced anteriorly or anterocentrally; 
as such, the anterior horn appears to be thick in sagittal sections. 
(3) Posterocentral shift: the periphery of the anterior horn is 
detached from the capsule, and meniscus is displaced posteri-
orly or posterocentrally; as such, the posterior horn appears to 
be thick in sagittal sections. (4) Central shift: the periphery of the 
posterolateral portion is torn and loose, and the entire meniscus 
is displaced centrally toward the notch [4]. Although a menis-
cus can be reduced at the time the MRI is performed and 
therefore a meniscus can have a peripheral tear but appears 
to have no shift, thus there is a low sensitivity of no shift 
in predicting the absence of a peripheral tear; in their study 
Ahn et al. [4] have found out that a significantly larger num-
ber of repairs and subtotal menisectomies were performed 
for the shift groups than for the no shift group. So, it can be 

a b

c d

Fig. 1 Schematic drawing of 
modified Watanabe’s classifica-
tion for lateral meniscal variants. 
(a) Complete discoid meniscus, 
(b) incomplete discoid meniscus, 
(c) Wrisberg type, and  
(d) ring-shaped meniscus
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predicted that knees with a shift on the MRI are more likely 
to be treated with repair or menisectomy than knees with no 
shift.

Tears

Discoid menisci are more prone to mechanical trauma 
because of their thickness, relatively bad vascularization, 
and weak attachments to the posterior capsule [27]. A recent 

study has shown that discoid menisci have decreased amount 
of collagen fibers and that the fibers are arranged heteroge-
neously which may contribute to vulnerability of the discoid 
meniscus [12]. However patients with tear of the discoid 
meniscus may not have a history of traumatic events. Tears 
are more common after the age of 15 [21, 58]. Discoid 
menisci are associated with an increased incidence of tears 
ranging from 38%to 88% [11, 15, 64]. The most common 
tear pattern is that of degenerative horizontal cleavage, which 
comprises 58–98% of all cases of symptomatic discoid 
meniscus [5, 14, 55].

Lateral meniscal variants have been classified into six 
tear patterns by modifying O’Connor’s [61] classification by 
Kim et al. [41] in 2006. This classification includes six sim-
ple and comprehensive categories (Fig. 2): (1) a simple hori-
zontal tear; (2) a combined horizontal tear, in which the 
major tear component is horizontal and another tear compo-
nent is accompanied according to Bin et al. [15]; (3) a longi-
tudinal tear including peripheral tear; (4) a radial tear 
including a oblique and a flap tear; (5) a complex tear 
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Fig. 2 Schematic drawings of the 
modified O’Connor’s classification 
for lateral discoid meniscal tears. 
(a) Simple horizontal,  
(b) combined horizontal, 
(c) longitudinal, (d) radial,  
(e) complex, and (f) central

Table 1 Jordan's classification of discoid lateral menisci

Classification Correlation Tear Symptoms

Stable Complete/
incomplete

Yes/no Yes/no

Unstable with 
discoid shape

Wrisberg type Yes/no Yes/no

Unstable with 
normal shape

Wrisberg  
variant

Yes/no Yes/no
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including a degenerative tear, which is a combination of two 
major components except a horizontal tear or a combination 
of three or more major tear components including a horizon-
tal tear; and (6) a central tear which is a broad spectrum of 
the wear in the central portion of the discoid meniscus as a 
result of repeated maceration [41]. Figures 3 and 4 demon-
strates MRI and arthroscopic views of discoid lateral menisci 
from our clinic with a radial and horizontal tear.

Clinical Presentation

Many stable lateral meniscal variants are asymptomatic and 
are found incidentally. Moreover, patients might have unilat-
eral symptoms but bilateral discoid menisci.

The most common symptoms, which usually occur dur-
ing childhood and adolescence, are a clunking sound with 
flexion of the knee, pain, a decreased range of motion (usu-
ally lack of full extension), joint line tenderness, sensation of 
a foreign object within the knee, quadriceps atrophy, and 
effusion [5, 22, 27, 29, 32, 53, 58, 70, 71].

The sound and feeling of this clunking and popping made 
Kroiss [42] attribute the term “snapping knee syndrome” to 
discoid meniscus (See: Video 1). Yet, pain is the predominant 
symptom in majority of cases. Pain generally begins with a 
minor trauma, and is not always associated with a tear [9].

According to Ahn [3], the type of the discoid meniscus is 
associated with the clinical symptoms. In his study, he con-
cluded that lack of extension is more common when the ante-
rior horn thickness is greater than 7.7 mm and extension is 
full when the thickness is less than 4 mm.

Accompanying Conditions

Lateral meniscal variation can be associated with other mus-
culoskeletal anomalies. High fibular head, fibular muscu-
lar defects, hypoplasia of the lateral femoral condyle with 
lateral joint-space widening, hypoplasia of the lateral tibial 
spine, abnormally shaped lateral malleolus of the ankle, and 
enlarged inferior lateral geniculate artery are examples of 
such anomalies.

Fig. 3 MRI and arthroscopic 
views of a radial tear of a discoid 
lateral meniscus
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One of the most clinically demanding conditions is the asso-
ciation between lateral discoid meniscus and an osteochondral 
lesion of the lateral femoral condyle. It was first described by 
rani et al. [30]. Osteochondritis dissecans of the lateral femoral 
condyle is relatively rare and oftentimes combined with lateral 
discoid meniscus and usually a torn discoid meniscus [49], and 
associated with a poorer prognosis when present. The discoid 
meniscus itself might produce an abnormal contact force onto 
the lateral femoral condyle even if the meniscus is not torn. 
This abnormal contact force may lead to an osteochondritis 
dissecans lesion in the lateral femoral condyle [48]. The pres-
ence of lateral discoid meniscus was reported to occur in a 
majority of the osteochondritis dissecans lesions that occurred 
in the lateral femoral condyle [76]. A lateral discoid meniscus 
tear, young age and high activity, and valgus alignment can be 
predisposing factors for osteochondritis dissecans of the lateral 
femoral condyle [68]. Partial meniscectomy is shown to permit 
the healing of an osteochondral lesion [76].

Radiology: X-Ray

Standard anterior-posterior, lateral, tunnel, and skyline views 
contribute significantly to the establishment of diagnosis 
[56] (Figs. 5 and 6). Lateral joint-space narrowing, lateral 

joint lipping, squaring of the lateral femoral condyle, cup-
ping of the lateral tibial plateau, flattening of the lateral fem-
oral condyle, tibial eminence hypoplasia, calcification of the 
meniscus, fibular head elevation, obliquity of the joint space, 
and degenerative changes may be demonstrated [35, 74]. 
These radiographic findings are present only in some cases. 
Associated pathologies such as osteochondritis dissecans 
and lateral malleolus abnormalities may also be visualized.

Radiology: Ultrasonography

Ultrasonographic imaging of the menisci may demonstrate a 
wide and irregularly shaped lateral discoid meniscus. 
Sonography has been used to evaluate meniscal tears due to 
its availability, multiplanar capability, and economic benefit. 
The use of high-resolution micro-convex probes, which bet-
ter fit the anatomic concavity of the popliteal fossa, achieves 
a better sensitivity and a specificity in detecting meniscal 
tears [51]. The disadvantage of the use of ultrasonography is 
that it is an examiner-dependent tool. The sonographic crite-
ria for diagnosis of discoid meniscus in children is reported as 
the absence of a normal triangular shape, the presence of an 
abnormally elongated and thick meniscal tissue, and the dem-
onstration of a heterogeneous central pattern [1].

Fig. 4 MRI and arthroscopic views of a horizontal tear of a discoid lateral meniscus
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Radiology: MRI

On magnetic resonance imaging (MRI), the presence of a 
discoid meniscus is suggested in 5-mm sagittal sections when 
three or more contiguous sections demonstrate  continuity of 
the meniscus between the anterior and posterior horns. 

Normally, this black “bow tie” appearance (Figs. 7 and 8) 
would be seen only on two contiguous sagittal sections 
[16, 62]. Although this is a useful sign, the finding will be 
absent in the unstable type if the meniscus has a normal 
shape. The presence of a discoid shape can be further con-
firmed if a coronal view demonstrates increased width of the 
midanteroposterior diameter. One may also note an increase 
in thickness of the anterior horn, the posterior horn, or the 
entire meniscus. A height difference of >2 mm or >15 mm 
transverse diameter in coronal view can suggest a discoid 
meniscus.

MRI can also be useful for detecting intrasubstance tear and/
or degeneration of lateral discoid meniscus [26]. Although valu-
able in the diagnosis of the discoid meniscus and tears, MRI can 
be insufficient in determining the type of the tear [60].

Some authors indicate that the routine use of MRI is dif-
ficult and that arthroscopy should be used both for diagnostic 
and therapeutic purposes [58].

Treatment

The menisci serve in distributing loads, absorbing shock, and 
have a role in joint stability, synovial fluid distribution, and 
cartilage nutrition. Partial meniscectomy of normal shaped 
menisci was shown to increase the contact stresses in propor-
tion to the amount of removed meniscus [13]. Following 
total meniscectomy, the contact area was decreased by 75% 
while contact stresses increased by 235% [13]. Better under-
standing of the importance of the menisci to normal articular 
function has led to the preservation of stable meniscal tissue 
as part of treatment planning.

Fig. 5 Anteroposterior x-ray of a 
knee with cupping of bilateral 
discoid menisci

Fig. 6 Lateral x-ray of the knee medial plato with medial discoid 
menisci
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Historically, the preferred treatment of a stable symptom-
atic lesion was open excision [52, 63]. However, total menis-
cectomy of a lateral non-discoid meniscus often leads to 
osteoarthritis [23, 43, 46, 78], and this is also true for discoid 
menisci in adults. In children, the risk of lateral degenerative 
arthritis after meniscectomy is greater than in adults; there-
fore, total meniscectomy for treatment of a discoid meniscus 
in children should be avoided whenever possible.

In order to properly choose the treatment method for the 
lateral meniscal variant, one must consider the age and activ-
ity level of the patient, the anatomy of the lesion, the dura-
tion and extent of the symptoms, and the amount of joint 
destruction. One must realize that the patient with a lateral 
meniscal variant usually has an abnormal knee at the outset. 
There may be no good treatment option; rather, the only 
choice may be the lesser of two evils.

The treatment options for the various lateral meniscal 
variants include observation, partial meniscectomy with or 
without reattachment, total meniscectomy, and for a nor-
mally shaped unstable lesion reattachment to the adjacent 
capsule. Many stable discoid menisci are found incidentally; 
therefore, it is reasonable to observe asymptomatic patients 
and inform them regarding an increased risk of having to 
undergo surgical treatment in the future. However, it should 
also be pointed out that the joint probably has adapted and 
could continue to function reasonably well. Snapping knee 
with no other symptoms and no radiographic signs of accom-
panying articular lesions can be followed-up and then treated 
should it become symptomatic. A patient may become symp-
tomatic due to instability or a new tear of the meniscus, or as 
the result of accompanying findings, such as osteochondral 
lesions to the lateral femoral condyle.

Current treatment of choice for symptomatic stable, com-
plete, or incomplete discoid lateral meniscus is arthroscopic 
partial meniscectomy (saucerization) [27, 29, 55]. Motored 
and radio frequency tools may be used for meniscal reshap-
ing. In the past, some authors recommended total or subtotal 

Fig. 7 Diagrammatic explanation of the bow tie appearance on sagittal 
MRI sections

Fig. 8 Consecutive sagittal MRI sections showing bow tie appearance
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meniscectomy as being better than partial meniscectomy due 
to higher reoperation rates [65], because the increased thick-
ness at the rim was thought to result in high shear forces 
concentrated at the resected margin due to the incongruity 
between meniscus and articular surface, which predisposed 
the abnormal meniscus rim to retear. Today, it is believed 
that a stable rim should be preserved, even though it may 
be composed of abnormal tissue [14, 22, 24, 74]. The com-
monly used method for partial meniscectomy is one-piece 
excision that was described by Kim et al. in 1996 [39]. Most 
authors agree that the width of the remaining peripheral rim 
should be between 5 and 8 mm to prevent impingement 
and instability of the remaining part that may lead to future 

secondary meniscal tear and to decrease the rehabilitation 
time [27, 38, 64, 70]. Saucerization and reattachment are also 
recommended for Wrisberg types [53, 59].

During arthroscopy, a tear may not be visualized in some 
symptomatic discoid menisci. In such cases, one should 
carefully search for tears in the inferior of the meniscus.  
In other cases, there may be intrasubstance tears. Such tears 
can’t be visualized before starting the resection. If clinically 
suspected and/or MRI revealed an increase in intrameniscal 
signal, one should start resection. Trimming or saucerization 
is the recommended treatment for such tears [29, 71].

(Fig. 9) shows a one-piece excision performed at our 
clinic step by step.

Fig. 9 One-piece excision of 
discoid lateral meniscus
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Treatment Outcome

Ikeuchi rating system [29] and Lysholm knee scale [67] are 
frequently used to evaluate the treatment outcome. Ikeuchi’s 
system depends on mechanical symptoms, pain, and range of 
movement (Table 2). Lysholm’s scale is a numerical scale 
where one gets points on limping, use of support, stair climb-
ing, squatting, instability, swelling and pain of the knee, and 
atrophy of the thigh.

In 1991, it was reported that arthroscopic partial menis-
cectomy should be recommended only when the posterior 
attachment of the discoid meniscus is stable and that total 
meniscectomy is indicated for the Wrisberg ligament type of 
discoid meniscus with posterior instability [5]. In following 
years, results of longer follow-up studies showed that total 
meniscectomy results in osteoarthritic changes such as joint-
space narrowing and osteophytes in the lateral compartment 
[2, 57, 71]. In 2003, Atay et al. [11] have reported excellent 
results for partial meniscectomy in 85% of their patients that 
had Watanabe complete- and incomplete-type discoid 
menisci. In the same year, Davidson et al. concluded that 
partial resection of discoid menisci is preferable in children, 
but in complete dislocation of the entire menisci, total 
removal is necessary [20]. A more recent study concluded 
that although there were no differences in clinical results 
between the partial and subtotal/total meniscectomies, par-
tial meniscectomy yielded better radiologic results for torn 
discoid lateral menisci in children [45]. The long-term prog-
nosis after arthroscopic meniscectomy for the torn discoid 
lateral meniscus was related to the volume of the meniscus 
removed [25]. Short-term results confirm that meniscal 
allograft transplantation after total meniscectomy could be 
reasonable in symptomatic patients [36]. However, long-
term observations are required to evaluate these results.

It is suggested that there is a need for early diagnosis and 
greater caution in the treatment of discoid lateral menisci [45]. 
Heightened awareness of the clinician to the possibility of dis-
coid meniscus, its variable presentations and complications, 
and management considerations may improve therapeutic 
outcome [75].
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Mucoid Degeneration and Cysts of the Meniscus

Halit Pınar and Hakan Boya 

Increase of mucoid ground substance in connective tissue 
containing glycoprotein and mucoprotein is the unique char-
acteristic of mucoid degeneration (MD) [12]. There is exces-
sive accumulation of proteoglycans in interstitial tissue [46]. 
MD of the meniscus can appear in one of two pathological 
forms: stromal MD and cystic parameniscal degeneration. 
Stromal degeneration is an intrameniscal degeneration char-
acterized by degeneration of fibrocartilage with an increase 
in mucoid ground substance that starts around the cells and 
extends progressively around the interstitial area. However, 
cystic parameniscal degeneration is located in the parame-
niscal area and is characterized by integrated clefts and 
pseudocysts [12, 13]. MD has also been referred to as cystic 
degeneration [13, 42].

Etiology of meniscal MD is not clear. Endogenous and 
exogenous trauma [39, 42, 46], endothelial inclusions in the 
cartilage during its development [33], chronic infection with 
hemorrhage [18, 46], and intraparanchymal hemorrhage [20] 
have been proposed as causes. In a recent study, authors 
could not find bacterial infection as a causal factor [5]. 
Mechanical stresses have been asserted as an etiologic fac-
tor; intrameniscal stromal degeneration is a nonspecific reac-
tion to injury and a physiological condition in all knees [12]. 
It is possible that chondrocytes synthesize proteoglycans in 
response to altered mechanical stresses [28]. The meniscus 
can respond aggressively to alternations in its environment 
and possibly to changes in load by increased synthesis and 
deposition of proteoglycans in its extracellular matrices [29]. 
Aging is another proposed etiologic factor in degeneration of 
the meniscus; it certainly leads to degeneration of the menis-
cus, as in any other tissues, but MD seems to be a different 
entity that leads to premature degeneration [5, 23].

Although some studies report lateral predominance [13, 42], 
one study suggests higher incidence of medial involvement [5]. 
Medial involvement is usually confined to the body of the 
medial meniscus due to its firm capsular attachment, palpa-
ble cystic swelling is rare. However, lateral cases may also 
be in the form of stromal degeneration or present as a cystic 
swelling.

Grade I and II lesions on magnetic resonance imaging 
(MRI) show focal or linear increased signal intensity not 
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extending to articular surfaces [10]. Stoller et al. [43] exam-
ined the correlation between MRI findings and a pathologi-
cal model. In most cases, on MRI, there is tearing 
superimposed on extensive grade I and II lesions because the 
entire meniscus in a single section showed increased signal 
and only the borders of the meniscal triangle displayed nor-
mal signal intensity and such meniscus is called empty 
meniscus (Fig. 1) [5].

We believe that meniscal mucoid degeneration with tear 
is not uncommon. Accumulation of mucopolysaccharides at 
the meniscal interstitial area disrupts the collagen network 
and weakens the meniscus. Such meniscal tears are not 
appropriate for repair most of the time (Fig. 2). When the 
menisci affected by MD are torn, the diagnosis may be 
delayed due to the lack of history of trauma and to relatively 
less severe symptoms [5].

There are three types of meniscal cysts in the knee: intrame-
niscal cyst, parameniscal cyst (extraarticular), and intraarticular 
cyst [3, 22, 24]. MD has been proposed as etiologic factor of 
meniscal cysts [12, 13]. Inevitably, factors which have been 
proposed for etiology of MD are responsible for formation of 
meniscal cysts [18, 20, 33, 39, 42, 46]. Despite proposed theo-
ries on the etiology of meniscal cysts, recently the most accepted 
theory is that meniscal cysts are a focal collection of synovial 
fluid located within or adjacent to meniscus [26]. Intrameniscal 
cysts are believed to be formed by an accumulation of joint 
fluid within a torn or degenerated meniscus. Parameniscal cysts 
are thought to form when there is fluid extravasation through a 
meniscal tear into the parameniscal soft tissue [1, 26, 27]. 
McCarthy et al. [27] suggested that horizontal meniscal tear is 

common with meniscal cysts. Primarily, on the basis of 
arthroscopic and surgical findings, numerous authors have 
reported that meniscal cysts occur more commonly in the lat-
eral compartment of the knee [2, 7, 13, 25, 30, 33, 34, 45, 47]. 
Tasker et al. [44] reported nearly equal involvement of both 
compartments of the knee by meniscal cysts on the basis of 
MRI findings. Others suggest that medial meniscal cysts are 
more common [8, 9]. Clinically, the most frequent localization 
for a meniscal cyst is the peripheral portion of the mid-third of 
the lateral meniscus (Fig. 3) [21, 33].

Medial cysts are most commonly located adjacent to the 
posterior horn of the meniscus, but may also be primarily 
located adjacent to the anterior horn, next to the meniscal 
body, or extending superficially to the medial collateral liga-
ment [1, 9, 11, 26]. Most lateral cysts are located adjacent to 
the anterior horn or body. Anteriorly, meniscal cysts may be 

Fig. 2 The Arthroscopic appearance of degenerated meniscus

Fig. 3 Lateral meniscal “cyst” on coronal imageFig. 1 Increased signal intensity in whole meniscus (“empty” meniscus)
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found deep in the iliotibial band, and posteriorly, they may 
be seen deep in the lateral collateral ligament [1, 11, 26]. 
Meniscal cysts may also extend into the intercondylar notch 
of the knee, around the cruciate ligaments [3, 22].

Meniscal cysts may be symptomatic, and patients may 
present with pain, tenderness, swelling, or a palpable mass 
(especially on the lateral side of the knee). When the cystic 
swelling is visible or palpable, there is little difficulty in mak-
ing the diagnosis [36]. However, ganglion cysts, inflamed 
bursa around the knee, synovial inflammation, arthritic spurs, 
loose bodies, meniscal tears, and tumors should be considered 
in the differential diagnosis [4, 21, 35, 38, 41, 42, 47]. In the 
lateral compartment of the knee, the mass is usually palpable 
at the level of joint line, most prominent when the knee is in 
20–30° of flexion, being firmly fixed to underlying tissues and 
not mobile in subcutaneous tissue [37]. Pisani [37] reported 
that the cystic mass disappears on acute flexion of the knee due 
to rotation of the tibia. According to our observations, the mass 
is most prominent at 45° of flexion and disappears not only in 
full flexion, but also in full extension [36]. It is more beneficial 
to use a modified maneuver for lateral meniscus cysts: with the 
knee held at 45° of flexion, the prominence is also inspected 
during external and internal rotation of the leg [36]. With exter-
nal rotation of the leg, even doubtful lateral meniscus cysts 
become apparent; disappearance of the cystic mass with inter-
nal rotation further confirms the diagnosis (Fig. 4) [36].

MRI is important in making the correct diagnosis and pro-
viding accurate information regarding the size and location 
of meniscal cysts, and can also detect associated meniscal 
disorders [26].

The oldest meniscal cyst treatment strategies are open 
surgical excision [15] and excision of the cyst combined with 
open total meniscectomy [4, 6, 15, 45, 47]. Surgical excision 
of the cyst alone is associated with a high rate of recurrence 

[4, 6, 16]. Arthroscopic treatment of meniscal lesion with 
open cyst excision has favorable results [31, 35, 38]. 
Arthroscopic treatment of both meniscal lesion (partial or 
subtotal meniscectomy) and cyst (intraarticular decompres-
sion) is an effective treatment option [14, 17, 32, 40, 41]. 
Because of cyst decompression through the substance of 
meniscus, adequate decompression can be achieved without 
extensive meniscectomy [17, 40]. Creating a window through 
the capsule into the cyst away from the meniscal substance is 
another possible treatment option which saves the meniscal 
tissue and its capsular attachment and can be described as an 
“arthroscopic marsupialization” of the meniscal cyst [19].
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Mechanical Properties of Meniscal  
Suture Techniques

Yavuz Kocabey 

The human menisci have gained greater appreciation as 
integral components for normal knee function. The menisci 
provide shock absorption [18], tibiofemoral load transmis-
sion [11], facilitate lubrication with synovial fluid [9], and 
contribute to knee-joint stabilization [7]. Several clinical 
long-term studies have shown that total or partial meniscec-
tomy may lead to cartilage degeneration and early onset of 
osteoarthritic changes [4]. Many orthopedic surgeons, there-
fore, prefer to repair rather than excise a damaged meniscus 
whenever possible. Meniscal repair was first performed in 
1885 by Annandale [1].

There are several techniques described for meniscus repair 
such as open repair, inside-out, outside-in, and all-inside [16].

Irrespective of the surgical technique used to access the 
meniscus, generally four different suture techniques can be 
used. These are knot-end techniques [10], horizontal, verti-
cal [6], and oblique [8] sutures.

To be effective, a meniscal repair technique should approxi-
mate the torn tissue, resist gapping, and be able to withstand 
the forces associated with rehabilitation and activities of daily 
living that are initiated before the healing process is complete.

A number of studies have been published examining the 
mechanical properties of various meniscal repair techniques. 
These studies generally have used a similar testing method-
ology. Medial or lateral menisci are obtained from human, 
porcine, or bovine models. The menisci are usually excised 
with or without capsule or retain the meniscotibial attach-
ments. Although each of these tissues may enable sufficient 
representations of time zero mechanical repair characteris-
tics, none of these models match the physiological behavior 
of the in vivo meniscus [5].

A full-thickness vertical lesion is created in the periph-
eral third of the meniscus, a few millimeters away from the 
peripheral edge. Following meniscus lesions repaired, the 
longitudinal incision was extended completely through 
the posterior and anterior meniscal horns so that no tissue 
secured the repair, only the repair devices, representing a 
worst-case scenario.

In the literature, the failure of the suture techniques gen-
erally is considered when the suture ruptures or pulls through 
the meniscal tissue. In one study, Bellemans et al. [3], using 
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human fresh frozen lateral menisci model (with a mean age 
of 36 years) reported no statistically significant difference 
in failure load between vertical sutures (46.3 N) and hori-
zontal sutures (52.5 N). They considered failure of meniscal 
repair when the preset maximum testing time of 700 s was 
reached, when the suture failed, or when gap opening of 
more than 3 mm.

Most activities performed by patients over the initial 
postoperative weeks are repetitive with relatively low inten-
sity loads. Therefore, mechanical test models that use repe-
titious, submaximal cyclic loading conditions provide a 
more valid simulation of these activities than ultimate load 
to failure tests [15]. Basic research studies evaluating the 
structural properties of meniscal repair constructs should 
use cyclic testing.

Most biomechanical studies using distraction force tests 
have reported that vertical sutures for meniscal repair pro-
vide superior load at failure compared to horizontal sutures 
[9, 12–14, 17]; however, other have found no statistically 
significant difference between the two techniques [3, 15].

Kohn and Siebert [9] published one of the earliest studies 
on the biomechanical strength of meniscal repair techniques. 
They reported that significant differences in failure strength 
among techniques of vertical Vicryl sutures (105 ± 4 N), hor-
izontal Vicryl suture (89 ± 4 N), horizontal Ethibond sutures 
(44 ± 18 N), and knot-end suture (24 ± 9 N) in their experi-
mental study of an intact cadaveric medial meniscus with a 
loading rate of 5 mm/min. The mulberry knot technique was 
significantly weaker than all other techniques. They recom-
mended vertical use.

Rimmer et al. [14], in using a cadaveric lateral meniscus 
model (with a mean age of 67 years), reported repair failure 
loads of 67.3 N for vertical sutures and 29.3 N for horizontal 
sutures. The meniscal repair failure mode for vertical sutures 
was suture rupture, while horizontal sutures failed by intact 
suture pulling through the central part of the repair.

Post et al. [12], using a young porcine medial and lateral 
meniscus model, reported that the load at failure using verti-
cal sutures (146.3 ± 17.1 N) and (115.9 ± 28.5 N) was supe-
rior to horizontal sutures (73.81 ± 31.3 N) and (66.1 ± 28.7 N) 
when 1-PDS and 0-PDS were used, respectively. Additionally, 
they reported comparable load at failure results for repairs using 
horizontal sutures regardless if 2–0 Ethibond (59.7 ± 20.4 N), 
0-PDS (66.1 ± 28.7 N), or 1-PDS (73.81 ± 31.3 N) suture mate-
rials were used [12]. The selected suture material had a much 
greater contribution to construct fixation when vertical sutures 
were used, with 1-PDS sutures (146.3 ± 17.1 N) displaying 
superior load at failure compared to 0-PDS sutures 
(115.9 ± 28.5 N) [12]. The author recommended that the knee 
surgeon should consider the relative contributions of suture 
material to repair integrity when choosing between vertical 
or horizontal suture methods. While meniscal repair failure 
using vertical sutures tends to maximize the contributions of 

the suture material properties to construct integrity, this char-
acteristic has little influence on the fixation strength provided 
by horizontal sutures.

In their study using a bovine medial meniscus model and 
2–0 braided polyester suture material, Rankin et al. [13] 
reported statistically insignificant and only 19% greater load 
at failure for vertical (202 ± 7 N) than for horizontal 
(170 ± 12 N) meniscal repairs. However, they reported that 
direct suture rupture was the sole failure mode in vertical 
suture repairs, whereas suture rupture occurred in only 47% 
(7/15) of the horizontal loop repairs. More of the menisci 
repaired, using horizontal sutures, failed by suture-loop pull-
out with intact knots through the meniscal tissue (53%, 8/15). 
They surmised that tests with a stronger suture material 
would probably have resulted in significantly greater load at 
failure results for menisci repaired using vertical sutures.

Asik et al. [2] published a study examining the strength of 
vertical, vertical mattress, vertical loop, horizontal mattress, 
and knot-end sutures using 1-Prolene in bovine menisci 
loaded at 5 mm/min. Although the absolute fixation strengths 
are higher than those found in cadaveric models, the conclu-
sions are the same. Vertically oriented sutures (approxi-
mately 131 N) show significantly higher initial fixation 
strengths when compared with knot-end (64 ± 5 N) or hori-
zontal techniques (98 ± 5 N). Again, horizontal and knot-  
end techniques failed by tissue failure, whereas 9 out of the 
12 vertical techniques failed by suture rupture.

Kocabey et al. [8], compared pullout strength of vertical, 
horizontal, and oblique sutures used for meniscal lesion repair 
using bovine menisci. Suture rupture was the failure mode for 
all specimens of the oblique suture group. Suture rupture was 
the failure mode for 57% (4/7) of the vertical suture group 
with the remaining specimens (3/7, 43%) failing from intact 
suture pullout through meniscal tissue. All horizontal suture 
group specimens failed by intact suture pulling through 
meniscal tissue. Construct stiffness during cyclic testing was 
superior for the oblique suture (6.9 ± 1.5 N/mm, P = 0.007) 
and the vertical suture (6.4 ± 7 N/mm, P = 0.03) groups com-
pared to the horizontal suture at failure for the oblique suture 
group (171.9 ± 25.9 N) to be 18% greater than that of the ver-
tical suture group (145.9 ± 32.3 N) although both of these 
suture techniques conceivably captured a greater proportion 
of circumferential meniscal collagen fibers than the horizon-
tal suture techniques (88.8 ± 8.2 N)

Zantop et al. [19] published a study examining the dis-
traction after cyclic loading, strength and stiffness of vertical 
and horizontal sutures using 2.0 Ethibond and fresh frozen 
menisci in distraction and shear force scenarios. In the dis-
traction force scenario, horizontal (4.2 ± 1.5 N) and vertical 
suture techniques (4.9 ± 1.7 N) showed no statistically sig-
nificant difference in elongation after 1,000 cycles between 
5 and 20 N (P > .05). The mechanical behavior of horizontal 
suture techniques, such as stiffness and yield load, showed 
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no statistically significant difference, whereas the maximum 
load was significantly higher when compared with the verti-
cal suture technique. Whereas in the shear force scenarios, 
horizontal suture technique (2.8 ± 1.1 N) showed lower elon-
gation vertical suture technique (4.6 ± 2.0 N) after 1,000 
cycles between 5 and 20 N (P < .05), horizontal and vertical 
suture techniques showed no statistically significant differ-
ence in maximum load to failure.

Studies of meniscal repair fixation strength generally use 
the “worst case scenario” condition of distraction loads, applied 
perpendicular to the repair site. This loading condition, how-
ever, does not simulate in vivo meniscal loading [19].

Fisher et al. [5] reported that the shear forces that tend to 
deform the repaired menisci in vivo differed considerably 
from most in vitro mechanical laboratory tests. Most menis-
cal injuries occur secondary to torsional forces with a com-
bined axial knee load. When both torsional and axial knee 
loads occur, the menisci are subjected to combined shear and 
compressive forces. Force acting on the meniscus repair site 
can have both sagittal and coronal plane components result-
ing in oblique direction shear forces [19].

We need further studies which use shear forces with com-
pressive loads, which mimic in vivo conditions.
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New Technique of Arthroscopic Meniscus  
Repair in Radial Tears

Ken Nakata, Konsei Shino, Takashi Kanamoto, Tatsuo Mae, Yuzo Yamada, 
Hiroshi Amano, Norimasa Nakamura, Shuji Horibe, and Hideki Yoshikawa 

Introduction

The meniscus is a fibrocartilagious tissue, which contributes to 
functions of load transmission, shock absorption, lubrication, 
and stability in the knee joint [14, 16]. These functions are 
important for the preservation of the articular cartilage. The 
meniscus often is injured by sports or daily living activities. 
Although some disorders of the meniscus can be treated non-
operatively, others require surgery including meniscectomy or 
meniscal repair. The long-term consequences of a meniscec-
tomy or even partial meniscectomy have been shown to be 
potentially deleterious to the joint surface [6, 13, 24, 30, 33]. 
After the first report of a meniscus repair by Annadale, there 
have been numerous studies published on the repair of menis-
cus [1, 4, 5, 11, 12, 18, 19, 32, 34]. The peripheral meniscal 
blood supply is shown to be one of the keys to the healing of 
the meniscus [2]. The peripheral 20–30% of the medial menis-
cus and the peripheral 10–25% of the lateral meniscus are vas-
cular [2, 13], whereas the inner margin of the meniscus is the 
avascular zone. Tears in the avascular zone of the meniscus are 
thought to be not suitable for repair [7].

Radial tear that interrupts the circumferential fibers is 
problematic to repair because hoop strain causes separation 
of tear site and because this type of tear includes avascular 
zone of meniscus and is poor in reparative process [6, 22]. 
Although there are a few reports about meniscus repair for 
radial tears [28, 34], meniscal repair techniques can be 
demanding and the criteria for repair continues to be defined 
[7, 9, 10, 15, 17, 25, 29]. In this chapter, we describe a novel 
suture method for radial tear, and its preliminary results.

Methods and Patients

Classification of Radial Tear

Using standard anterolateral and anteromedial portals, the 
tears were assessed and classified based on its length and 
shape of radial tear (Fig. 1). When the tear was located in 
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the inner zone within 50% of meniscal width, it was desig-
nated as Type A. When the radial split was extended to 
more than 50% of width to the peripheral rim, it was Type 
B. According to the tear shape, Type B tears were further 
divided into the following two subtypes: Type B1, simple 
radial split tear; Type B2, flap tear including radial tear. 
The complete radial split tear, which extended to the 
peripheral rim was classified Type C. The bucket handle 
tear including radial tear was designated as Type D. 
Location and type of radial tear that had been repaired 
were summarized in Table 1. The associated cartilage 
lesions were also evaluated using ICRS cartilage evalua-
tion form.

Surgical Procedures and Postoperative 
Program

Under general anesthesia, patient was set using a leg holder 
and air-tourniquet. Conventional parapatellar anterome-
dial and anterolateral portals were used. Additional skin 
incision and exposure of posterior capsule was also per-
formed according to the standard inside-out meniscus 
repair technique. At first, the surfaces of the meniscal tear 
and their surrounding area including synovium were rasped. 
Then repair was performed in an inside-out fashion with 
nonabsorbable 2-0 Ethibond sutures using Henning’s instru-
mentation [32]. Autogenous fibrin clot was secured at the 
tear site unless combined ACL reconstruction surgery was 
performed [8]. The vertical sutures were first positioned near 
both edges of the tear site to put the disrupted circumferen-
tial fibers together and to reduce the displacement of torn 
meniscus (Fig. 2a). These sutures were also served as 
“a grip” for the following sutures. The horizontal mattress 
sutures were then placed perpendicular to and over the verti-
cal sutures and the tear site (Fig. 2b). Finally, three or four 
horizontal sutures were placed at an interval of 2–3 mm and 
tied over the joint capsule to complete “Tie-Grip Suture” 
(Fig. 2c). Thus, the horizontal sutures reeled in the ends of 
tear site. After suturing meniscus, a probe was used to assess 
whether the gap was securely closed without suture slipping 
along the circumferential fibers.

Postoperatively, the knee was immobilized for 1–2 weeks 
depending on the severity of the meniscal tear, followed by 
gradual motion exercise with the limitation of knee flexion 
until 90° for the first 4 postoperative weeks. Partial weight 
bearing was allowed after 4 weeks, followed by full weight 
bearing at 6 weeks. Squatting beyond 90° and running activi-
ties were not allowed until 3 months. Sporting activities were 
permitted at 6 months.

Evaluations

Subjective symptoms and findings of the follow-up 
arthroscopy were reviewed. A comprehensive physical 
examination of the affected knee was performed with an 
emphasis on range of motion, joint crepitus, and femoro-
tibial joint line tenderness. IKDC subjective score was 
also used.

At the follow-up arthroscopy, the repair site was probed 
to determine the stability of the remaining meniscus and 
quality of reparative tissue [8, 28]. Healing was considered 
“complete healing” when full-thickness apposition of the 
original tear occurred with no more than 10% of the original 
tear remaining. “Partial healing” was defined as follows: at 
least 50% of the original tear was healed, the repaired site 

Type A Type C

Type B1

Type B2

Type D

Fig. 1 Type of radial tear of meniscus. The tears were classified based 
on its length and shape of radial tear. Type A: The radial tear located in 
the inner zone within 50% of meniscal width. Type B: The radial split 
extended to more than 50% of width to the peripheral rim. According to 
the tear shape, Type B tears were further divided into the two subtypes: 
Type B1, simple radial split tear; Type B2, flap tear including radial 
tear. Type C: The complete radial split tear extended to the peripheral 
rim. Type D: The radial teal in bucket handle

Table 1 Location and type or radial tear that had been repaired

Medial meniscus Lateral meniscus

Ant. Mid. Post. Ant. Mid. Post.

Type A (n = 2)   1

 1 2

 1 3

 3

0 5 6

 1

 2 1

 2 2

 9

 1

0 5 13

Type B1 (n = 6)

Type B2 (n = 8)

Type C (n = 9)

Type D (n = 4)

Total (n = 29)
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was stable by probing, and the meniscal body was in a nor-
mal position in the femorotibial joint. The repair was classi-
fied as “failure” if more than 50% of the original tear was 
present. The articular cartilage surfaces were also examined 
and graded according to ICRS cartilage injury evaluating 
package.

Patients

Between October 1999 and January 2003, 35 radial menis-
cus tears in 33 patients were repaired. There was no prior 
operation in any knees before meniscal repair. For inclusion 
in the study, the patient had to consent to have had a clinical 
examination at minimum 18 months follow-up, and second-
look arthroscopic examination.

Twenty-seven patients (82%) met the criteria, while 6 of 
them were lost to follow-up. Two patients had two radial 
tears in the same knee, and both of them were repaired. 
Thus a total of 29 meniscal repairs in 27 patients were 
evaluated. There were 11 medial and 18 lateral menisci. 
Twenty-one patients (78%) also had a concomitant ACL 
tear in his or her knee joint, which was reconstructed with 
autogenous semitendinosus tendon graft at the same time. 
There were 12 women and 17 men whose mean age at the 
time of repair was 25.5 years with a range from 16 to 
42 years. The average period from injury to meniscal repair 
was 8 months with a range, 2 days to 14 years. Twenty-five 
of the patients (93%) sustained the injury during sports 
activities.

The average period from surgery to follow-up physical 
examination was 18 months with a range from 12 to 
26 months. All the patients were arthroscopically evaluated 

at a mean postoperative period of 9 months with a range from 
2 to 22 months.

Results

Subjective and Physical Examination

At an average follow-up of 18 months, 24 out of 27 patients 
(89%) were free from meniscal symptoms including catch-
ing, locking, pain, or swelling, while the remaining 3 (11%) 
showed the following symptoms: two, effusion after strenu-
ous activities, which could be managed conservatively. The 
other with catching required partial meniscectomy at the 
follow-up arthroscopy.

Arthroscopic Evaluation

Follow-up arthroscopy was performed for 29 repair sites in 
27 patients at the time of removal of tibial fixation hardwares 
for ACL graft or for evaluation. Of the 29 menisci evaluated, 
19 (66%) were classified as complete healing, 8 (28%) as 
partial healing, and 2 (7%) as failure according to the Horibe’s 
evaluation criteria [20]. The overall rate of success in menis-
cal retention (complete healing or partial healing) was 93% 
(27 of 29). Two repaired menisci that were classified as fail-
ure required partial excision.

Even in complete split radial tear (Type C), eight out of 
nine repaired menisci showed complete healing (Fig. 3). 
There was no statistically significant difference on time 
interval from injury to repair for meniscal healing (Fig. 4). 

Fig. 2 The procedure of “Tie-Grip Suture.” (a) The vertical sutures 
were first positioned near both edges of the tear site to reduce the 
displacement of torn meniscus. These sutures were also served as 
“a grip” for the following sutures. (b) The horizontal mattress 
sutures were then placed perpendicular to and over the vertical 

sutures and the tear site. (c) Finally, three or four horizontal sutures 
were placed at an interval of 2- to 3-mm and tied over the joint 
capsule to complete “Tie-Grip Suture.” The horizontal sutures 
reeled in the ends of tear site
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The repaired area of the meniscus within 6 months from the 
initial repair was filled with fibrous connective tissue by 
arthroscopy, whereas those tissues more than 1 year from the 
repair became harder by probing (Fig. 5). Synovial tissue 
with vasculature evidenced by arthroscopy without air tour-
niquet covered on the sutured area (Fig. 6).

Articular Cartilage

Abnormal cartilaginous surfaces beyond ICRS Grade 2 were 
found during the initial meniscal repair procedure in 7 (26%) 

of the 27 patients and all were associated with ACL tear. 
These cartilage lesions were seen in four on the lateral femo-
ral condyle, two on the medial femoral condyle, and one on 
the lateral tibial plateau. There was no further deterioration 
of cartilage damage at the follow-up arthroscopy.

Complications

None of the patients experienced deep infection, neurovas-
cular injury, limitation of knee motion, or other major 
complications.
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Fig. 3 The effects of type of radial tear on meniscal healing. There was 
no statistically significant difference on the type of radial tear for menis-
cal healing
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Fig. 4 The effects of time from injury to repair on meniscal healing. 
There was no statistically significant difference on time interval from 
injury to repair for meniscal healing

a

c

b

Fig. 5 Radial meniscal tear (Type B2) that had been repaired and had 
follow-up arthroscopy. (a) Posterior segment of the lateral meniscus in 
the right knee of 19-year-old female patients had radial tear of TypeB2, 
which extended to more than 50% of width to the peripheral rim with 
flap tear. (b) Radial tear was repaired with “Tie-Grip Suture” by eight 
sutures. (c) The follow-up arthroscopy performed at 6 months after the 
initial repair demonstrated that tear site was filled with reparative tissue 
with good continuity of circumferential structure. This was classified as 
“complete healing”
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Discussion

Radial tear that interrupts the circumferential fibers is prob-
lematic to repair because hoop strain causes separation of 
tear site. This type of tear including avascular zone of menis-
cus, furthermore, is poor in reparative process [6, 7, 21–23, 
25]. Although short inner radial tears, which usually do not 
heal, may be asymptomatic shortly [35], 50% radial tear 
decreased the strains [21]. Complete split radial tear cannot 
be left alone because it becomes symptomatic and total 
meniscectomy is obliged to be performed [34]. The long-
term consequences of a meniscectomy or even partial menis-
cectomy have been shown to be potentially deleterious to the 
joint surface [6, 13, 24, 30, 33].

There are only a few reports about the results of meniscal 
repair for radial tears. van Trammel and Rubman have 
reported four and five cases of meniscal repair of radial tears, 
respectively [31, 34]. van Trammel et al. performed meniscal 
repair for radial tear adjacent to the popliteus tendon using 
outside-in technique and a second-look arthroscopy 4 months 
after the initial treatment showed excellent healing in three 
of five patients [34]. Three patients that had been evaluated 

at average 71 months (range, 66–81 months) were clinically 
asymptomatic and MRI showed a fully healed meniscus at 
the repair sites. Rubman et al. also showed four cases of 
repair for radial tear with good results [31]. From these 
results, Rubman and Noyes recommended repair of meniscal 
tears that extend into the avascular central zone for young 
patients, especially those in the second and third decades of 
life, and highly competitive athletes who desire to participate 
in strenuous activities [31]. Encouraged by these results, we 
have developed a novel suture procedure in order to fix 
sutures more secure to hold hoop strain for active patients 
with radial meniscal tear. Indeed, 92% of our patients were 
injured their menisci during sport activities.

Our novel suture technique was developed to close the 
radial tear as firmly as possible. The vertical sutures at the both 
ends of the radial tear were first placed to reduce the displace-
ment of the meniscus in the original position. At the same 
time, these vertical sutures are expected to serve as a grip to 
prevent slipping of the following horizontal sutures. By 
means of these vertical grip sutures, the horizontal sutures 
could reel in the ends of tear site firmly. Since radial tear 
disrupts the circumferential collagen fibers, the repair of 

a c

e fd

b

Fig. 6 Radial meniscal tear (Type C) that had been repaired and had 
follow-up arthroscopy. (a, b) Complete split radial tear at the posterior 
segment of the lateral meniscus in the right knee of 22-year-old female 
patients was evidenced by arthroscopy on 5 days after injury. (c) The 
vertical grip suture first positioned near both edges of the tear site to put 
the disrupted circumferential fibers together and to reduce the displace-
ment of torn meniscus and then horizontal sutures were placed perpen-

dicular to and over the vertical sutures to complete “Tie-Grip Suture.” 
(d) The follow-up arthroscopy revealed that repaired site was filled with 
fibrous tissue at 4 months after operation. Probing the posterior seg-
ment of the meniscus caused the movement of the anterior segment of 
the meniscus, suggesting the continuity of circumferential structure.  
(e, f) The arthroscopic observation without air-tourniquet evidenced the 
vascularity of repaired tissue which comes from synovial fringe
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radial tear requires horizontal sutures to restore of the hoop 
structure of the meniscus. However, it is difficult to fix the 
radial tear firmly by suture because horizontal sutures which 
are placed parallel to the circumferential fibers causes cut-
ting and/or slipping. The vertical grip sutures put the dis-
rupted circumferential fibers together and prevented from 
cutting and slipping, thus, practically made it possible to 
repair the radial tear. After completion of “Tie-Grip Suture,” 
we always confirm the continuity of circumferential struc-
ture. By pushing the anterior segment of the repaired menis-
cus body, the posterior segment of the meniscus moves 
anteriorly after successful “Tie-Grip Suture,” which proves 
the transmission of hoop strain. Biomechanical strength and 
its characteristics of this suture remain to be examined.

There are many factors which affect the results of menis-
cal repair. Cruciate reconstruction surgery which creates 
bone tunnels to fix the tendon graft may have enhanced the 
healing potential for the meniscal repair because the mesen-
chymal cells migrate from the bone marrow and postopera-
tive hemarthrosis provides serum protein, growth factors, 
and fibrinous framework to the tear [34].

Although the pattern of meniscal tears has been previ-
ously presumed to have an effect on healing, our results 
indicated that the type of tear may have had some effects on 
meniscal healing, but the differences were not statistically 
significant. It is noteworthy that even in complete radial 
split tear, type C, eight of nine showed complete healing 
and one displayed partial healing. It was evidenced by the 
second-look arthroscopy without air-tourniquet that avas-
cular zone of meniscus in the repaired site was covered 
with hyper-vascular synovial tissue which come from syn-
ovial fringe (Fig. 6e, f). This may suggest that the surgical 
procedure of meniscal sutures in the avascular zone induces 
proliferation and migration of synovium beyond the nor-
mal limit of vascular access. Alternatively, the sutures may 
have produced vascular access channels which were 
thought to be advantageous for healing of meniscal repairs 
[3]. Furthermore, Tie-Grip Suture may have provided 
strong stability enough to allow reparative tissue to remain 
at the tear site and healing to occur. It needs further study 
whether human meniscus cells have a potential of prolif-
eration to engage intrinsic healing in vivo, although we 
have shown the proliferation capacity of human meniscal 
cell in vitro [26].

There was no statistically significant difference on the 
meniscal healing for the factor of time interval from injury to 
meniscal repair. However, we believe that acute or subacute 
cases of meniscal tear would be more suitable to repair than 
chronic cases. In this study, two failures those were proven 
by the follow-up arthroscopy were chronic tears that had 
injured more than 1 year before the meniscal repair.

The limitation of this study was the evaluation method of 
the repaired meniscus functions. Newman et al. found in 

canine model that despite gross and histological healing in 
radial tears, the circumferential collagen fibers were not 
restored to their original biomechanical characteristics and, 
therefore, the ability to transmit load was not maintained 
[27]. The meniscal repairs in this study were evaluated with 
a physical and subjective examination, follow-up arthroscopic 
evaluation, knee flexion weight-bearing X-ray, and MR 
imaging. Although no clinically proved method or diagnos-
tic test is currently available to determine the true function of 
a repaired meniscus, these evaluations can give an indication 
of meniscal function [31]. At an average of 18 months fol-
low-up, 24 out of 27 patients (89%) were asymptomatic for 
tibiofemoral joint symptoms.

Conclusions

The follow-up arthroscopy, XP, MRI, and physical examina-
tion revealed that our novel arthroscopic meniscal repair 
technique for radial tear, “Tie-grip suture” was effective at an 
average of 18 months ranging from 12 to 26 months.
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Meniscus Allograft Transplantation

Christos D. Papageorgiou, Marios G. Lykissas,  
and Dimosthenis A. Alaseirlis 

Meniscus Anatomy

If meniscus transplantation is being considered as a treatment 
option, command of meniscal anatomy is crucial if one wishes 
to reproduce the biomechanical function provided by the nor-
mal meniscus. Menisci are semicircular fibrocartilaginous 
discs, wedge shaped in cross section, which sit on the tibial 
plateau. Their shape is such as to increase congruity between 
the articular surfaces of the femur and tibia providing a larger 
contact area and allowing better load transmission across the 
joint surfaces. The two menisci are not anatomically identical 
but have certain differences which result in slight differences 
in biomechanical function as well.

The lateral meniscus is almost circular in shape and is the 
more mobile of the two. It occupies approximately half of 
the articular surface of the lateral tibial plateau. The anterior 
horn of the lateral meniscus is attached to the tibial emi-
nence behind the insertion of the anterior cruciate ligament 
(ACL), and the posterior horn is attached to the posterior 
intercondylar area just anterior to the insertion of the poste-
rior horn of the medial meniscus. The posterior attachment 
is supplemented by the meniscofemoral ligaments of 
Wrisberg and Humphrey [23]. The lateral attachment of the 
lateral meniscus, namely, the coronary ligament, is inter-
rupted by the popliteus hiatus. The medial meniscus has a 
loose c-shape and covers approximately a third of the articu-
lar surface of the medial tibial plateau. The anterior horn is 
attached to the intercondylar area of the tibia just anterior to 
the attachment of the ACL as well as to the transverse liga-
ment. The posterior horn is attached to the posterior inter-
condylar fossa of the tibia between the insertion of the 
posterior cruciate ligament and the posterior insertion of the 
lateral meniscus. At its periphery, the medial meniscus is 
attached to the tibia and femur by the medial collateral liga-
ment. A strong attachment to the joint capsule also contrib-
utes to a reduced mobility of the medial meniscus. At birth, 
the meniscus is a vascular structure but in adulthood a maxi-
mum of 30% of the meniscus retains its vascularity, that 
being in the periphery. Vasculature originates from the supe-
rior and inferior medial and lateral geniculate arteries, 
branches of which form the perimeniscal capillary plexus. 
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Vessels penetrating the meniscus follow a circumferential 
pattern and give rise to radial branches toward the center. 
The inner 70% of the menisci are nourished by the synovial 
fluid [2]. Innervation is concentrated in the horns of the 
menisci which contain neuroreceptors (types I and II) and 
gather as mechanoreceptive and proprioceptive information 
[9, 53].

Histologically, the menisci consist of circumferentially 
arranged collagen fibers cross-linked by radially arranged 
fibers. They consist of mainly type I collagen (approximately 
90%) but other types II, III, V, and VI can also be found [24]. 
The fibrocartilaginous matrix contains a high amount of gly-
coproteins and glycosaminoglycans which due to their nega-
tive charge trap water and this has functional importance as 
discussed below.

Meniscus Function

The most important function of the menisci is load sharing. 
Biomechanical studies have shown that the medial meniscus 
carries up to 50% of the load in the medial compartment and 
the lateral meniscus absorbs up to 70% of the load in the 
lateral compartment [38]. As the degree of flexion increases 
the reactive force absorbed by the menisci may reach 90% 
[50]. The circumferentially and radially arranged fibers con-
vert compressive forces into tensile strain which is dissipated 
toward the periphery as hoop stresses. It is these forces that 
tend to cause the extrusion of the menisci especially in deep 
outward and the medial meniscus with its firm attachments 
may be displaced up to 5 mm outward [48]. Besides load 
sharing, the menisci also function as shock absorbers, as 
studies have shown that after meniscectomy this capacity of 
the knee decreases by 20% [49]. A third function, restricted 
to the medial meniscus, is its complementary role to the ACL 
in restricting anterior translation [1, 30]. This function 
becomes particularly important in the ACL-deficient knee 
[21], since meniscal insufficiency in this case lead to signifi-
cant rotary instability in the anteromedial compartment. The 
menisci also improve congruency of the articular surfaces, 
thereby improving stability at the extremes of flexion and 
extension and improve lubrication and nutrition of the articu-
lar cartilage [22, 44].

Sizing and Matching of Meniscal Allograft

Exact preoperative size matching of the meniscal allograft is 
mandatory in meniscal transplantation. Plain radiographs, com-
puted tomography, and magnetic resonance imaging have all 
been used for sizing of meniscal allografts. Arthroscopic mea-
surements under direct visualization of the size of the recipient 

area have also been described. However, direct measurements 
are often not possible because of previous meniscectomy. If the 
contralateral knee is used for sizing, a significant size mismatch 
may occur due to variability and asymmetry in meniscal size 
between opposite knees [2, 9, 33].

Based on landmarks in plain radiographs, Pollard et al. 
[32] described the most common method of preoperative 
graft sizing. The width of the meniscus is calculated on the 
anteroposterior radiographic view (coronal plane) by mea-
suring from the medial or lateral tibial metaphyseal margin 
to the peak of the respective tibial eminence. The length of 
the medial meniscus is calculated as 80% of the tibial plateau 
sagittal length on the lateral view. The length of the lateral 
meniscus is calculated as 70% of the tibial plateau sagittal 
length on the lateral view.

According to some authors, computed tomography has 
been demonstrated to be more accurate than plain radio-
graphs in determining bone dimensions in both coronal and 
sagittal planes [19]. Although magnetic resonance imaging 
provides useful preoperative information about the status of 
the cartilage, the subchondral bone, the menisci, and the lig-
aments, it is of limited value for size matching of the allograft. 
When magnetic resonance imaging was compared to plain 
radiographs and computed tomography, magnetic resonance 
imaging was found to be less useful than the other two calcu-
lating modalities with the exception of more accurate estima-
tion of the meniscal allograft size [6]. Specifically, magnetic 
resonance imaging underestimated the anteroposterior and 
mediolateral sizes of both the medial and lateral menisci.

It is of great importance to select the transplant of the 
right size that is perfectly congruent to prevent degenerative 
arthritis of the knee joint. In a cadaveric study, Huang et al. 
[15] found increased contact pressures when cross-sectional 
parameters of the lateral meniscal allografts did not match 
the respective parameters of the native menisci. Furthermore, 
they demonstrated that the greatest predictor of these contact 
pressure differences, and thus the parameter that should be 
essential to improve the reliability of graft sizing, is the width 
of the menisci.

Surgical Technique

Both open and arthroscopic-assisted surgical procedures 
have been performed for meniscal allograft transplantation 
[10, 25, 43, 46, 47]. In open medial technique, a medial 
arthrotomy is performed through a curvilinear incision just 
medial to the patellar tendon and extending proximally just 
proximal and posterior to the medial femoral epicondyle 
[11]. The medial compartment is exposed after removal of 
the origin of the medial collateral ligament with a bone plug 
from the medial epicondyle. The graft is placed under direct 
visualization and the medial collateral ligament is repaired 
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with a spongiosa screw and washer. Advocates of the open 
surgical transplantation support that this method enables 
more secure peripheral suturing or bony fixation of the graft 
and consequently achieves greater precision and stability 
[11]. According to the same authors, patients undergoing 
open allotransplantation surgery require no special modifica-
tions to rehabilitation other than an initial need to protect the 
medial collateral ligament.

Characterized by maintenance of the medial collateral 
ligament integrity, reduced surgical morbidity, and earlier 
rehabilitation, arthroscopic-assisted techniques are the cur-
rent gold standard for meniscus transplantation surgery  
[8, 35, 41, 52]. Nowadays, open techniques are reserved for 
combined surgery, that is, concomitant osteotomies. The 
meniscal allotransplantation begins with an arthroscopic 
examination to ensure that the involved meniscus is indeed 
deficient and the articular cartilage is acceptable. The body 
and the posterior horn of the meniscal remnant are debrided 
leaving a 1–2-mm peripheral meniscosynovial junction that 
is critical to successful graft healing [42]. The anterior horn 
and body will be removed afterward in the procedure through 
the anterior arthrotomy made for graft passage.

The most common arthroscopic methods are the double 
bone plug technique for medial meniscal transplantation and 
the trough or “keyhole” techniques for lateral meniscal 
transplantation.

Medial Meniscal Transplantation

A small medial parapatellar arthrotomy and an accessory 
posteromedial arthrotomy are used for medial meniscus 
allograft passage and fixation [20]. Initially, a posterior tibial 
tunnel, usually 7 mm in diameter, is established using an ACL 
guide. An undersized, 6 mm in diameter, posterior bone plug 
is made in order to easily fit into the posterior tunnel (Fig. 1). 
The anterior bone plug is usually 10 mm in diameter and will 
be press-fit. The remaining anterior body and horn of the 
medial meniscus is then removed and the meniscal graft is 
passed from anterior to posterior. The anterior tunnel is drilled 
from outside-in and the anterior and posterior bone plugs are 
fixed into their respective tunnels. Fixation of the allograft to 
the native meniscus rim is achieved with an inside-out 
arthroscopic technique starting at the posteromedial corner to 
the midbody. The anterior part of the meniscal allograft is 
secured using no. 5-0 Ethibond sutures (Ethicon, Somerville, 
NJ) placed through the medial parapatellar arthrotomy.

We recommend the suture attachment without any bone 
plugs for meniscal allograft anterior and posterior horn fixa-
tion (Fig. 2). During this technique, osseous tunnels 4.5 mm 
in diameter are drilled and 5-0 Ethibond transosseous sutures 
(Ethicon, Somerville, NJ) are used to stabilize the anterior 

and posterior insertions of the medial ligament. The periph-
eral rim is secured with arthroscopically placed inside-out 
sutures. Sutures to the posterior horn are placed prior to the 
meniscus allograft insertion.

Fig. 1 Medial meniscal transplantation. An undersized posterior bone 
plug is made in order to easily fit into the posterior tunnel. The anterior 
bone plug will be press-fit

Fig. 2 The suture technique
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Lateral Meniscal Transplantation

In contrast to the medial meniscus where the anterior and 
posterior horns are widely spread, in lateral meniscus the 
distance between the anterior and posterior horns is usually 
less than 1 cm. Due to this horn proximity, double bone plug 
technique has the potential risk of tunnel breakout which 
may compromise the bone fixation. Therefore, the single 
bone block or trough technique is preferred in lateral menis-
cal transplantation (Fig. 3).

A small lateral parapatellar arthrotomy and an accessory 
posterolateral arthrotomy are used for lateral meniscus 
allograft passage and fixation. Some authors prefer splitting 
the patellar tendon to permit easier establishment of the 
trough [52]. Initially, a small chisel is used to form a trough 
for lateral meniscus transplantation which is collinear with 
the horn attachment sites. The trough is then gradually 
enlarged by utilizing a series of small chisels. Finally, the 
meniscal transplant with the adjacent bone bridge is press-
fitted in the center of the knee. The “keyhole” technique is a 
modification of trough technique that provides additional 

stability to the lateral meniscal allograft [7]. In this method a 
round trough is made using a small drill with its deeper por-
tion being larger in diameter than the superficial one. The 
bone bridge of the lateral meniscal allograft is fashioned in a 
similar manner which allows the meniscal allograft to lock 
into the tibial bone trough. Fixation of the allograft to the 
native meniscus rim is achieved with an inside-out arthroscopic 
technique starting at the posterolateral corner to the midbody. 
The anterior part of the meniscal allograft is secured using 
no. 5-0 Ethibond sutures (Ethicon, Somerville, NJ) placed 
through the lateral parapatellar arthrotomy.

Some authors have used the trough technique in medial 
meniscal allotransplantation. Although by using this method 
the circumferential hoop stresses are preserved, the anatomic 
relation of the medial meniscus posterior horn with the ACL 
tibial attachment may alter the surgical technique and thus 
jeopardize the biomechanical properties of the meniscal 
transplant [17, 39].

Combined Meniscal Transplantation  
and ACL Reconstruction

When ACL insufficiency is combined with symptomatic 
meniscal deficiency, simultaneous ACL reconstruction and 
meniscal transplantation may be performed. From the bio-
mechanical point of view, it has been shown that the ACL in 
situ forces without a sufficient medial meniscus are doubled. 
This fact may jeopardize ACL graft sufficiency [30]. Because 
of the proximity of the tibial insertion of the ACL graft to the 
bone bridge of the meniscal transplant, the tibial tunnel drill-
ing requires special care. When the ACL reconstruction is 
combined with the trough or “keyhole” technique for lateral 
meniscal transplantation, drilling of the ACL tibial tunnel 
should follow the meniscal allograft placement into the tibial 
bone trough [30, 37].

For the double bone plug technique in case of medial 
meniscal transplantation, the ACL tibial attachment should 
be in between the tunnels of the bone plugs [35]. This can be 
achieved by placing the ACL tibial tunnel’s starting point in 
a slightly more medial and proximal position.

Rehabilitation

There is lack of controlled studies regarding the best postop-
erative rehabilitation protocol for patients who have under-
gone meniscal allograft transplantation. Although animal 
studies have shown unaffected meniscal allograft healing 
after immediate full weight bearing, the response of meniscal 
allograft in loading remains unknown [16, 26, 36]. The reha-
bilitation principles after meniscal allograft transplantation 

Fig. 3 Lateral meniscal transplantation. The single bone block or 
trough technique is preferred in lateral meniscal transplantation
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with regard to weight bearing and range of motion limitations 
are similar to that of a major meniscal repair. Having in mind 
that the meniscus remains fixed on the tibia through the first 
60° of flexion, flexion beyond the 90° is allowed 6–12 weeks 
postoperatively, with full hyperextension being the goal in the 
first few weeks [48].

It is already known that controlled stress stimulates the 
collagen synthesis in the healing meniscus [31]. Nevertheless, 
some weight bearing is essential because it increases the 
strength of the connective tissue. Therefore, early protected 
weight bearing in a hinged range-of-motion brace should be 
allowed for the first 4–6 weeks. These restrictions are neces-
sary in order to avoid meniscal allograft damage due to fail-
ure of fixation or early revascularization insufficiency.

In order to prevent muscle atrophy, some authors recom-
mend isometric exercises and closed chain kinetic exercises 
at 4–6 weeks after surgery at 0–45°, progressing to 75° [8]. 
Pivoting, squatting, running, and twisting are avoided. 
Patients may return to strenuous activity and sports when 
strength and proprioception are close to normal. This usually 
ranges from 4 to 12 months, with strenuous work allowed at 
3–4 months, running at 4–6 months, light or moderate sports 
at 6–9 months, and return to full activity at 6–9 months [8]. 
Strenuous sports are not recommended.

Complications

Meniscus allografts have the potential risks of all allografts, 
which include the risk for immune reactions and the poten-
tial risk of graft-related disease transmission. The risk of 
HIV transmission by frozen connective tissue allografts is 
estimated to be 1/8,000,000 [4]. It has been shown that 
meniscus allografts express Class I and II histocompatibility 
antigens [18]. This immunogenicity and the potential risk of 
host immune response and immune rejection may further 
increase due to the presence of bone plugs attached to the 
meniscal grafts, which are also found to be immunogenic  
[3, 45]. Until now, only one case of immune rejection has 
been reported [14].

In general, complications after meniscus allotransplanta-
tion are rare and include allograft tears, joint stiffness, hemar-
throsis, arthrofibrosis, loss of fixation, detachment of the 
meniscus from the bone plug, graft shrinkage, and failure of 
the allograft to incorporate to the native meniscal remnant at 
the periphery [5, 13, 27, 34, 35, 54]. In many of these cases 
re-repair or partial meniscectomy of the allograft may be 
indicated. Persistent or progressive pain and progressive 
chondral changes leading to degenerative arthritis of the 
affected compartment may also occur. In the presence of per-
sistent synovitis or septic arthritis, allograft removal is 
required.

Outcomes and Future Directions

Clinical studies have shown that meniscal allograft surgery 
may produce satisfactory results, is technically feasible, and 
results in a high rate of graft incorporation. Although many 
reports have been presented in the literature, it is difficult to 
draw direct conclusions. This results from differences in 
patient selection and indications, surgical technique, menis-
cal allograft selection, and rehabilitation program.

In a series of 43 patients undergoing fresh or cryopre-
served meniscal allograft transplantation with a bone bridge 
connecting the anterior and posterior horns reported by 
Garrett [10], 20 of 28 patients who underwent second-look 
arthroscopy revealed healing of the allograft to the periph-
eral rim without any sign of graft degeneration. According to 
the authors, the main factor in failure was the degree of 
arthritis, with better results obtained in patients with 
Outerbridge I or II chondromalacia than in patients with 
grade III or IV.

Noyes and Barber-Westin [28] reported their results of 
fresh-frozen grafts exposed to irradiation in 82 patients  
(96 allografts). Posterior horn fixation was used in the major-
ity of the cases. Overall, only 9% of the grafts showed com-
plete healing, 31% partially healed, 58% failed, and 2% lost 
during the follow-up.

Goble and Kane [12] reported their results of 47 cryopre-
served allografts in 45 patients. In second-look arthroscopy 
13 patients demonstrated healed meniscal allograft in  
10 patients. Degeneration or peripheral detachment of the 
allograft at the posterior horn was noticed in four grafts and 
was attributed to inadequate surgical technique.

Rath et al. [34] found a significant decrease in pain and 
improvement of function after an average of 5.4 years in all 
18 patients who underwent meniscal allograft transplanta-
tion. Allograft failure requiring partial or total meniscectomy 
was required in 8 of 22 allografts. Histological analysis of 
the excised specimens showed reduced cellularity and 
cytokine expression compared with controls. According to 
the authors, the latter was the underlying etiology of allograft 
functional failure.

Sekiya et al. [40] reported on 28 patients who underwent 
combined meniscal transplantation with ACL reconstruction 
at an average follow-up of 2.8 years. The majority of the 
patients (90%) had normal or nearly normal scores for 
Lachman and pivot-shift testing. International Knee 
Documentation Committee (IKDC) overall subjective and 
symptoms assessment demonstrated normal or nearly nor-
mal scores in 86–90% of the patients. No joint space narrow-
ing was noticed.

According to our series, five patients with a mean age of 
29 years who underwent meniscal allograft transplantation 
showed complete healing at an average of 3.6 years. In one 
case, posterior horn allograft tear was noticed (Fig. 4). 



318 C.D. Papageorgiou et al.

Partial meniscectomy of the allograft was performed. No 
graft failure was recorded.

In cases of significant segmental meniscal defects or 
irreparable meniscal tears Stone et al. [47] proposed the use 
of a collagen scaffold implant. This type of collagen menis-
cus implant may lead to meniscal fibrocartilaginous regen-
eration. According to the authors, regrowth of the meniscus 
cartilage may be induced by refinements in the implant.

In order to enhance meniscal healing in the periphery, 
transplantation of mesenchymal stem cells (MSCs), which 
have been demonstrated to differentiate into fibroblast-like 
cells in vitro, is under investigation by our team. This was 
based on a previous study demonstrating that there is a poten-
tial for nucleated cells from bone marrow to serve as a vehi-
cle for therapeutic molecules as well as to be a source in 
enhancing healing of ligaments [51].

Currently, meniscal allotransplantation is considered a 
salvage procedure for symptomatic meniscal deficiency in a 
young patient. Although contraindications include diffuse 
subchondral bone exposure, axial malalignment, and insta-
bility, a knee may be rendered suitable for meniscus trans-
plantation if combined with chondral resurfacing, osteotomy, 
and/or ligament reconstruction [29]. It remains crucial, how-
ever, to determine the ability of meniscal allograft to slow 
the progression of osteoarthritis by long-term follow-up 
studies.
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Meniscal Allografts: Indications and Results

René Verdonk, Peter Verdonk, and Karl Fredrik Almqvist 

Indications and Contraindications

Indications

Currently, meniscal allograft transplantation is indicated in 
three specific clinical settings:

1. A history of meniscectomy in a young individual with 
pain localized to the index compartment, having a normal 
ligament status and axial configuration, and only minor 
evidence of articular cartilage or osteochondral degenera-
tive changes (not exceeding grade 3 according to the 
International Cartilage Repair Society (ICRS) classifica-
tion system (Table 1)). Studies [2, 3, 13, 17, 21, 22] have 
shown that meniscal allografts can survive in an osteoar-
thritic environment (Outerbridge grade 3–4), with signifi-
cant improvement in pain and function. As rapid 
degeneration is known to occur in the lateral compartment 
[26], a relatively common indication for meniscal trans-
plantation would be a painful, symptomatic, meniscus-
deficient lateral compartment

2. Young patients who have had a previous medial menis-
cectomy with concomitant anterior cruciate ligament 
(ACL) reconstruction will benefit from increased stabil-
ity, provided that a functional meniscal body is present. 
The ACL graft will in its turn also significantly protect the 
meniscal implant

3. A young athletic patient with a previous total meniscec-
tomy can be eligible for meniscal allograft transplantation 
prior to pain and symptom onset [8].

Contraindications

Meniscal allograft transplantation is contraindicated in the 
presence of frank chondral degeneration, although some 
studies suggest that this is not a significant risk factor for 
clinical failure [4]. In this setting, any degeneration greater 
than ICRS grade 3, except when it is of limited extent, is an 
exclusion criterion. Minor focal chondral defects can be 
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treated concomitantly with the meniscal transplantation 
procedure, which may be of benefit in terms of healing and 
outcome [16]. Significant osteophyte formation must be 
treated during the index procedure to avoid inferior postop-
erative results due to these structural alterations of the fem-
oral condyle morphology [5, 15]. Older patients (over 
50 years of age) frequently present with excessive cartilage 
lesions and are less than optimal candidates.

In case of axial malalignment, a corrective osteotomy is 
indicated in patients with more than 2° of deviation toward 
the involved compartment, and can concomitantly be per-
formed both proximally and distally to the knee joint. It is 
still unclear which part of these combined procedures is 
implicated in symptom resolution such as relief of pain and 
functional improvement [5, 15].

Other contraindications to meniscal transplantation are 
obesity, skeletal immaturity, ligament instability, synovial 
disease and inflammatory arthritis, and previous joint infec-
tion (obvious squaring of the femoral condyle).

Results

The various indications, contraindications (Table 2), preser-
vation techniques, preoperative findings, surgical techniques, 
fixation techniques, concomitant procedures, evaluation 
tools, and rehabilitation tools make it impossible to perform 
a valid meta-analysis of all the published results.

We will try to present outcome data based on a review of 
the literature. The studies that have been included represent 
1,226 meniscus allografts (626 medial vs 446 lateral, 154 not 
specified) in 1,145 patients. The mean age at the time of sur-
gery was 34.4 years. The mean follow-up was 5.5 years. 
Overall, 340 isolated allograft transplantations were ana-
lyzed, 427 were associated with ACL reconstruction, 107 
with a corrective osteotomy, and 215 with other procedures. 
It was not specified whether the remaining 137 allografts 
were combined with other procedures. Concerning the surgi-
cal fixation technique, 631 allografts were fixed using bone 
blocks and 488 using a soft-tissue fixation technique. For 
107 allografts, the fixation method was not specified. In the 

next paragraphs, the outcome is reported independently of 
the aforementioned parameters.

In the literature, a variety of investigational methods has 
been described to evaluate the success or failure of meniscal 
transplantation. These include subjective pain scale measure-
ments and patient perceptions of function, as well as objec-
tive measurements, for example, physical and imaging 
examinations, and second-look arthroscopy.

Subjective Assessment

Significant subjective improvement in pain scales and func-
tional activity questionnaires was reported in all studies. 
Also, similar outcomes were found whether surgery was iso-
lated or combined. More specifically, no subjective differ-
ences were found that were related to meniscal tissue 
preservation techniques or fixation methods. Fair to excellent 
results were obtained in 75–90% of patients [1–29].

Objective Clinical Scoring

Physical Examination

In all studies, improvements in range of motion, pain, effu-
sion, stability, functional tests, and IKDC scores were 
reported at follow-up [1–29].

Radiological Examination

It is not unusual for joint space narrowing to increase with 
a longer duration of follow-up. However, this did not occur 
in a significant number of patients. Based on these limited 
data, meniscal allograft transplantation could have a chon-
droprotective effect in 30–40% of patients. The “slippery 
slope of osteoarthritis” will further deteriorate over time in 
a number of patients. Currently, it is unknown whether 
allograft transplantation may delay the natural course of 
osteoarthritis after meniscectomy. Further research to define 
the chondroprotective power of a meniscus allograft is 
mandatory [1–29].

MRI Analysis

Obviously, preoperative MRI is a prerequisite for documen-
tation of articular cartilage and subchondral bone status and 
of any remaining meniscal wall. Potter et al. [14] demon-
strated the potential of MRI to provide an accurate assess-
ment of meniscal position, horn and capsular attachments, 
meniscal body degeneration, and weightbearing cartilage 

Table 1 International Cartilage Repair Society cartilage lesion 
evaluation system

Grade 0 Normal

Grade 1 Superficial lesions, softening, fissures, 
or cracks

Grade 2 Lesions, erosion, or ulceration of less 
than 50%

Grade 3 Partial-thickness defect of more than 
50% but less than 100%

Grade 4 Ulceration and bone exposure



Meniscal Allografts: Indications and Results 323

Ta
b

le
 2

 T
he

 v
ar

io
us

 i
nd

ic
at

io
ns

, 
co

nt
ra

in
di

ca
tio

ns
, 

pr
es

er
va

tio
n 

te
ch

ni
qu

es
, 

pr
eo

pe
ra

tiv
e 

fin
di

ng
s,

 s
ur

gi
ca

l 
te

ch
ni

qu
es

, 
fix

at
io

n 
te

ch
ni

qu
es

, 
co

nc
om

ita
nt

 p
ro

ce
du

re
s,

 e
va

lu
at

io
n 

to
ol

s,
 a

nd
 

re
ha

bi
lit

at
io

n 
to

ol
s 

m
ak

e 
it 

im
po

ss
ib

le
 to

 p
er

fo
rm

 a
 v

al
id

 m
et

a-
an

al
ys

is
 o

f 
al

l t
he

 p
ub

lis
he

d 
re

su
lts

N
r

A
ut

ho
rs

Y
ea

r 
P

Y
ea

r 
S

# 
gr

af
ts

M
L

# 
pa

tie
nt

s
A

ge
T

im
e 

M
-T

X
Pr

es
er

va
tio

n
R

ad
?

Fi
x

FU
T

Pr
eo

p 
 

ca
rt

# 
is

ol
at

ed
C

on
co

m
. 

pr
oc

ed
ur

es

1.
C

am
er

on
  

an
d 

Sa
ha

19
97

19
88

–
19

94
67

37
30

63
41

16
.7

D
F

Y
es

S
2.

5
2–

4
21

5A
C

L
, 3

4O
T,

 
7A

C
L

 +
 O

T

2.
C

ar
te

r 
 

et
 a

l.
19

99
N

A
46

39
7

46
N

A
N

A
C

ry
o.

N
A

B
2.

8
N

A
N

A
30

A
C

L
, 4

O
T,

 
1M

C
L

3.
G

ar
re

tt 
 

et
 a

l.
19

93
N

A
43

34
8

43
N

A
N

A
16

D
F,

 2
7C

ry
o.

N
A

B
4.

5
N

A
7

24
A

C
L

, 1
3O

T,
 

11
O

A
L

4.
G

ob
le

  
et

 a
l.

19
99

N
A

69
48

21
60

N
A

N
A

C
ry

o.
N

A
B

2
N

A
N

A
28

A
C

L

5.
G

ro
ff

  
et

 a
l.

20
01

19
93

–
19

98
16

0
16

16
27

8
D

F
N

o
B

3.
8

1–
2

16
N

on
e

6.
W

ir
th

  
et

 a
l.

20
02

19
84

–
19

86
22

22
0

22
29

.6
N

A
6D

F,
 1

6L
yo

.
6N

o,
 

16
Y

es
S

3/
14

1.
6

0
22

A
C

L
, 1

9M
C

L

7.
N

oy
es

  
et

 a
l.

19
95

N
A

96
79

17
83

N
A

N
A

D
F

Y
es

B
<

2
N

A
19

77
A

C
L

8.
20

04
19

95
–

20
00

40
20

20
38

30
N

A
C

ry
o.

N
o

B
3.

3
3.

6
N

A
7A

C
L

, 1
PC

L
, 

1A
C

L
 +

 P
C

L
, 

1M
C

L
, 1

6 
O

A
U

9.
R

at
h 

 
et

 a
l.

20
01

19
91

–
19

97
22

15
7

18
30

7.
7

C
ry

o.
 +

 D
F

N
o

1S
, 2

1B
4.

5
N

A
3

11
A

C
L

, 1
T

T
T

10
.

St
ol

ls
te

im
er

  
et

 a
l.

20
00

19
91

–
19

95
23

11
12

22
31

3.
8

C
ry

o.
N

o
B

3.
3

C
O

B
: 

5.
6

23
N

on
e

11
.

V
an

 A
rk

el
  

et
 a

l.
20

00
19

94
–

19
95

19
6

13
16

40
16

C
ry

o.
N

o
N

A
2.

7
N

A
N

A
N

A

12
.

20
02

19
89

–
19

99
63

23
40

57
39

16
C

ry
o.

N
o

S
5

N
A

61
2A

C
L

13
.

V
er

do
nk

  
et

 a
l.

20
04

N
A

27
0

27
27

33
,9

N
A

V
N

o
S

1
N

A
N

A
N

A

14
.

20
05

19
89

–
20

01
10

0
39

61
96

35
N

A
V

N
o

S
7.

2
2.

5
69

3A
C

L
, 1

7O
T,

 
3M

i, 
4O

PT

15
.

20
06

19
89

–
19

93
39

N
A

N
A

38
35

.4
N

A
V

N
o

S
12

.1
2.

7
N

A
3A

C
L

, 1
2O

T

16
.

Sh
el

to
n 

 
an

d 
D

uk
es

19
94

N
A

14
5

9
14

N
A

N
A

C
ry

o.
N

A
B

N
A

N
A

N
A

N
A

17
.

V
el

tr
i  

et
 a

l.
19

94
N

A
16

8
8

14
35

,3
11

,3
D

F 
+

 C
ry

o.
N

o
B

0.
7

N
A

4
10

A
C

L
, 1

PC
L

, 
1A

C
L

 +
 P

C
L

18
.

C
ol

e 
 

et
 a

l.
20

06
19

97
–

20
03

40
25

15
36

31
N

A
32

D
F 

+
 8

C
ry

o.
N

o
B

2.
8

<
4

21
A

C
L

, 1
O

T,
 

3O
A

L
, 3

O
A

U
, 

1A
C

I,
 2

M
i, 

 
2 

O
D

fix (c
on

tin
ue

d)



324 R. Verdonk et al.

Ta
b

le
 2

 (
co

nt
in

ue
d)

19
.

R
od

eo
 e

t a
l.

20
00

19
89

–
19

95
33

17
16

28
34

N
A

D
F

N
o

20
B

, 
13

S
1.

3
N

A
8

19
A

C
L

, 1
O

T

20
.

D
el

 P
iz

zo
 

et
 a

l.
19

96
19

91
–

19
94

19
N

A
N

A
19

N
A

N
A

19
C

ry
o.

N
A

N
A

3.
2

N
A

6
11

A
C

L
, 2

O
T

21
.

Y
ol

da
s 

et
 a

l.
20

03
19

93
–

19
96

34
N

A
N

A
31

28
8

D
F

N
o

B
2.

9
N

A
11

20
A

C
L

22
.

R
yu

 e
t a

l.
20

02
19

93
–

19
99

26
10

16
25

34
.5

N
A

N
A

N
A

B
2.

75
2.

8
12

14
A

C
L

23
.

H
om

m
en

 
et

 a
l.

20
07

19
91

–
19

95
20

12
8

20
32

N
A

20
C

ry
o.

N
o

13
S,

  
7B

11
.7

2.
2

5
10

A
C

L
, 2

O
T,

 
3C

H
FC

, 2
C

P,
 

3L
R

24
.

C
ry

ol
if

e
19

97
19

89
–

19
94

10
23

74
7

27
6

10
15

N
A

N
A

C
ry

o.
N

A
93

0B
, 

92
S

7
N

A
N

A
N

A

25
.

Fe
lix

 a
nd

 
Pa

ul
os

20
02

19
93

–
19

99
36

20
16

33
28

.5
6

C
ry

o.
N

o
B

5.
2

N
A

9
18

A
C

L
, 2

O
T,

 
4A

C
L

 +
 O

T

26
.

V
ac

qu
er

o 
et

 a
l.

20
03

20
01

–
20

02
32

N
A

N
A

30
37

N
A

D
F

N
o

B
>

1
2.

3
N

A
6A

C
L

, 3
M

i, 
7R

FA
, 1

T
T

T

27
.

Se
ki

ya
 e

t a
l.

20
03

19
94

–
19

98
31

24
7

28
35

8.
6

C
ry

o.
N

o
B

2.
8

1–
4

0
28

A
C

L
, 

2A
C

L
 +

 O
T

28
.

20
06

19
93

–
19

98
25

0
25

25
30

5.
7

C
ry

o.
N

o
8S

,  
17

B
3.

3
1–

4
25

N
on

e

29
.

Po
tte

r 
et

 a
l.

19
96

19
89

–
19

96
29

14
15

24
33

.2
N

A
D

F
N

A
B

N
A

2–
4

11
16

A
C

L
, 1

O
T,

 
1M

C
L

30
.

St
on

e 
et

 a
l.

20
06

19
97

–
19

99
47

37
10

45
48

N
A

18
D

F,
 2

9C
ry

o.
N

o
S

5.
8

3.
8

7
6A

C
L

, 1
7O

T,
 

19
M

i, 
47

C
H

FC
, 

24
A

C
PG

31
.

Fu
ku

sh
im

a 
et

 a
l.

20
04

19
96

–
19

97
43

30
13

40
37

.3
11

.4
C

ry
o.

N
o

S
1

N
A

N
A

8A
C

L
, 1

O
T

32
.

R
an

ki
n 

et
 a

l.
20

06
N

A
8

5
3

7
31

N
A

C
ry

o.
N

o
B

2
2.

9
2

4A
C

L
, 4

O
A

U

33
.

B
ho

sa
le

 e
t a

l.
20

07
N

A
8

2
6

8
43

14
C

ry
o.

N
o

S
3.

2
3.

8
0

8A
C

I

34
.

G
ra

f 
et

 a
l.

20
04

19
90

–
19

92
8

8
0

8
32

.6
10

.5
C

ry
o.

1 
N

o,
 

7 
Y

es
7S

,  
1B

9.
7

N
A

0
8A

C
L

, 1
O

T,
 

8A
C

L
 +

 O
T

35
.

R
ue

ff
 e

t a
l.

20
06

N
A

8
8

0
8

52
N

A
C

ry
o.

N
o

B
5.

5
N

A
0

8A
C

L

36
.

V
on

 L
ew

in
sk

i 
et

 a
l.

20
07

19
84

–
19

86
6

6
0

6
25

N
A

D
F

N
o

S
20

2.
6

0
6A

C
L

N
r

A
ut

ho
rs

Y
ea

r 
P

Y
ea

r 
S

# 
gr

af
ts

M
L

# 
pa

tie
nt

s
A

ge
T

im
e 

M
-T

X
Pr

es
er

va
tio

n
R

ad
?

Fi
x

FU
T

Pr
eo

p 
 

ca
rt

# 
is

ol
at

ed
C

on
co

m
. 

pr
oc

ed
ur

es



Meniscal Allografts: Indications and Results 325

37
.

M
ila

ch
ow

sk
i 

et
 a

l.
19

89
N

A
22

22
0

22
N

A
N

A
N

A
N

A
N

A
1.

2
N

A
0

22
 A

C
L

38
.

B
ar

re
tt 

et
 a

l. 
(u

np
ub

lis
he

d 
da

ta
)

19
96

N
A

15
N

A
N

A
15

N
A

N
A

C
ry

o.
N

A
N

A
5

N
A

N
A

N
A

39
.

D
ie

ns
t a

nd
 

K
oh

n
S

3–
7

40
.

K
im

 a
nd

 B
in

20
06

19
96

–
20

03
14

N
A

N
A

14
N

A
N

A
4.

8

Ye
ar

 P
 y

ea
r o

f p
ub

lic
at

io
n,

 Y
ea

r 
S 

ye
ar

s 
of

 s
ur

ge
ry

, #
 n

um
be

r o
f,

 M
 n

um
be

r o
f m

ed
ia

l g
ra

ft
s,

 L
 n

um
be

r o
f l

at
er

al
 g

ra
ft

s,
 T

im
e 

M
-T

X
 a

ve
ra

ge
 ti

m
e 

in
 y

ea
rs

 fr
om

 m
en

is
ce

ct
om

y 
to

 tr
an

sp
la

nt
at

io
n,

 A
ge

 
av

er
ag

e 
ag

e 
of

 p
at

ie
nt

s 
at

 ti
m

e 
of

 tr
an

sp
la

nt
at

io
n 

in
 y

ea
rs

, R
ad

? 
ra

di
at

io
n 

of
 g

ra
ft

?,
 P

re
op

. C
ar

t. 
pr

eo
pe

ra
tiv

e 
ca

rt
ila

ge
 O

ut
er

br
id

ge
 g

ra
de

, F
ix

 fi
xa

tio
n 

te
ch

ni
qu

e 
us

ed
 to

 fi
x 

th
e 

al
lo

gr
af

t, 
B

 b
on

y 
fix

a-
tio

n,
 S

 o
nl

y 
su

tu
re

s,
 F

U
T

 a
ve

ra
ge

 ti
m

e 
of

 fo
llo

w
-u

p 
in

 y
ea

rs
, #

 is
ol

at
ed

 n
um

be
r o

f t
ra

ns
pl

an
ta

tio
ns

 w
ith

ou
t c

on
co

m
ita

nt
 p

ro
ce

du
re

s,
 O

T
 o

st
eo

to
m

y,
 O

A
L

 o
st

eo
ch

on
dr

al
 a

llo
gr

af
t, 

O
A

U
 o

st
eo

ch
on

dr
al

 
au

to
gr

af
t, 

A
C

L
 a

nt
er

io
r 

cr
uc

ia
te

 li
ga

m
en

t r
ec

on
st

ru
ct

io
n,

 P
C

L
 p

os
te

ri
or

 c
ru

ci
at

e 
lig

am
en

t r
ec

on
st

ru
ct

io
n,

 M
C

L
 m

ed
ia

l c
ol

la
te

ra
l l

ig
am

en
t r

ec
on

st
ru

ct
io

n,
 N

A
 n

ot
 a

va
ila

bl
e,

 D
F

 d
ee

p-
fr

oz
en

, C
ry

o.
 

cr
yo

pr
es

er
ve

d,
 L

yo
. l

yo
ph

ili
ze

d,
 V

 v
ia

bl
e,

 T
T

T
 t

ub
er

os
ita

s 
tib

ia
e 

tr
an

sf
er

, C
O

B
 c

um
ul

at
iv

e 
O

ut
er

br
id

ge
 s

co
re

: 
ca

lc
ul

at
ed

 b
y 

ad
di

ng
 t

he
 s

co
re

s 
fo

r 
al

l 
ar

ea
s 

of
 e

ac
h 

kn
ee

, M
i 

m
ic

ro
fr

ac
tu

re
, O

P
T

 
os

te
oc

ho
nd

ra
l p

lu
g 

tr
an

sf
er

, A
C

I 
au

to
lo

go
us

 c
ho

nd
ro

cy
te

 im
pl

an
ta

tio
n,

 O
D

fix
 o

st
eo

ch
on

dr
iti

s 
di

ss
ec

an
s 

fix
at

io
n,

 C
H

F
C

 c
ho

nd
ro

pl
as

ty
 f

em
or

al
 c

on
dy

le
, C

P
 c

ap
su

la
r 

pl
ic

at
io

n,
 L

R
 la

te
ra

l r
et

in
ac

u-
lu

m
 r

el
ea

se
, R

FA
 r

ad
io

fr
eq

ue
nt

 a
bl

at
io

n,
 A

C
P

G
 a

rt
ic

ul
ar

 c
ar

til
ag

e 
po

st
-g

ra
ft

in
g



326 R. Verdonk et al.

status. Most often, these findings were found to correlate 
with the preoperative findings at second-look arthroscopy. 
Weightbearing MRI seems promising for further evaluation 
in the future.

Outcome studies should always include objective mea-
surements using imaging in order to overcome a potential 
discrepancy with clinical outcomes.

Only limited literature data are available reporting that 
meniscal allografting halts or slows down further degenera-
tion [6, 16, 19, 29]. One fairly recent long-term study on 
cartilage degeneration progression showed a chondroprotec-
tive effect in 35% of patients [23]. A recent controlled large 
animal study also confirmed this chondroprotective effect 
[1]. However, further comparative studies are mandatory to 
determine whether prophylactic meniscal transplantation 
prior to clinical symptoms in meniscectomized patients is a 
valid option.

Independent of surgical fixation, meniscal allograft extru-
sion in the corpus and anterior horn of the lateral graft has 
been described using MRI. The posterior horn usually is 
within normal values [23]. This extrusion reduces the weight-
bearing and functional surface of the graft, and thus poten-
tially its biomechanical function also. Probable reasons for 
this extrusion are progressive stretch and circumferential 
collagen bundle failure due to insufficient repair potential or 
increased catabolism. Future research should focus on the 
biology involved in ongoing metabolic and cellular processes 
after transplantation.

More shrinkage and degeneration were present in lyo-
philized allografts, compared to other preservation tech-
niques. The significance of shrinkage, seen in all allograft 
types in the long run, needs to be determined. Tissue loss due 
to mechanical wear or a biological process of contraction 
frequently seen in scar tissue formation and healing may be 
a possible hypothesis.

However, graft healing into the rim was observed in 
almost all patients. The allograft may have a grayish appear-
ance, which can be considered as a biological remodeling of 
the extracellular matrix of the allograft, rather than true 
degenerative changes [1–29].

Second-Look Arthroscopy

According to some authors, second-look arthroscopy and 
evaluation are not reliable to assess the status of the menis-
cus. Obviously, arthroscopy should not be used as a routine 
postoperative evaluation tool. It is usually performed for 
clinical suspicion of an intra-articular problem or sometimes 
in association with another procedure around the knee, for 
example, removal of implant material.

Although the MRI evaluation shows good healing of the 
meniscus onto the rim in the vast majority of patients, 

shrinkage and tearing may be present. Most often, the status 
of the allograft correlates poorly with the clinical outcome.

Failures and Survival Analysis

There is no consensus on the failure criteria of meniscal 
transplantation in the literature. The clinical outcome and 
more objective outcome parameters such as MRI or second-
look arthroscopy give conflicting results. When objective 
parameters are used, the clinical success rate appears to be 
higher than estimated. A clinical success rate of 70% and 
higher has been reported at the final follow-up in most stud-
ies. Using survivorship analysis is preferable to failure rate 
reporting, because the success rate tends to decrease over 
time. Moreover, survivorship is a more powerful tool to 
describe results irrespective of the duration of follow-up. For 
both medial and lateral allografts, a clinical survivorship of 
70% at 10 years can be anticipated based on the available 
survivorship data. Most authors consider axial malalignment 
and ligament instability to be associated with inferior results, 
although some have reported satisfactory outcomes in degen-
erative knees [1–29].

Conclusion

Currently, ample evidence is available to support meniscal 
allografting in carefully selected patients with meniscecto-
mized symptomatic painful knees. Pain relief and functional 
improvement are achieved in a high percentage of patients, 
and appear to be long-lasting in 70% of them. A subset of 
patients has no evidence of further cartilage degeneration on 
plain radiography and MRI imaging, indicating a potential 
chondroprotective effect. Obviously, a fundamental flaw in 
the reported studies is the absence of a conservatively treated 
control group to establish the true chondroprotective effect 
of this type of treatment.

In conclusion, meniscus allograft transplantation should 
no longer be considered experimental surgery in the treat-
ment of meniscectomized symptomatic knees.
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Meniscal Substitutes: Polyurethane Meniscus 
Implant – Technique and Results

René Verdonk 

Introduction

While the detrimental effects of total meniscectomy may 
have found a clinical solution in meniscal allograft trans-
plantation, painful partial meniscectomy in the young active 
adult still remains an issue [5]. In case of proper alignment 
and an inherently normal ligament status, partial meniscal 
replacement is an emerging possibility. Using a polyurethane 
cut-to-size implant with documented cellular ingrowth 
potential could turn out to be a valid alternative [3, 4, 6].

Indications

The Actifit meniscal implant is designed to reduce pain from 
a damaged or torn meniscus in a well-aligned and stable knee 
joint. Recent findings suggest that the cartilage damage 
should be limited to grade two or three of the International 
Cartilage Repair Society (ICRS) classification. It is essential 
for the meniscal remnant to have an intact meniscal rim. 
Systemic disease or infection sequelae are contraindications 
to the use of the Actifit meniscal implant. The body mass 
index must be lower than 35 kg/m². It is still unclear whether 
the implant is indicated in patients who have undergone 
recent partial meniscectomy but do not yet experience 
chronic disability.

Surgical Technique

Introduction

The Actifit meniscal implant is made of polyurethane, which 
is credited with the potential to induce tissue ingrowth and 
reduce pain. The implant is available in a medial and lateral 
shape for medial and lateral meniscal defects, respectively 
(Fig. 1). Implantation of the Actifit meniscal implant is 
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performed arthroscopically using routine arthroscopic knee 
surgery equipment. A tourniquet is usually applied and either 
spinal or general anaesthesia is used at the discretion of the 
orthopaedic surgeon.

Two to three small incisions are made for the placement of 
anteromedial and anterolateral portals, with an optional cen-
tral transpatellar tendon portal. A larger incision may be 
required to insert the device, as well as a posteromedial or pos-
terolateral incision when an inside-out meniscal fixation tech-
nique is used. The cartilage status and the integrity of the 
medial and lateral meniscal wall remnant need to be assessed.

Implantation of the Actifit Medial  
Meniscal Implant

Following the induction of anaesthesia, preferably using a 
tourniquet, routine arthroscopic preparation and draping are 
performed. Depending on the surgeon’s preference, the leg is 
placed in a thigh holder to allow the application of proper 
valgus stress. To obtain a better view of the femoral and tibial 
cartilage, the medial collateral ligament (MCL) can be dis-
tended using the outside-in puncture method of Paessler 
(personal communication) or the inside-out pie-crusting 
technique as described by Steadman (personal communica-
tion). This allows the surgeon to properly assess the femoral 
and tibial cartilage status and to decide whether he can pro-
ceed with the implantation of the Actifit device.

If the initial meniscus lesion cannot be sutured or repaired 
by any other means, a partial meniscectomy will have to be 
performed. After debridement and preparation, the defect site 
should extend into the red-red or red-white zone, i.e. 1–2 mm 

from the synovial border [1, 2]. Lesions situated further away 
from the synovial border have only very limited healing poten-
tial and are not suitable for this type of meniscoplasty. To 
enhance healing and in association with the pie-crusting tech-
nique for MCL tightness, the meniscal rim can be punctured 
in order to create vascular access channels. Gentle rasping of 
the synovial lining is of added benefit to stimulate meniscal 
healing (Fig. 2). The resulting meniscal defect is then mea-
sured with a specially designed measuring tool and assessed 
using the appropriate evaluation tools (Fig. 3). The Actifit 
meniscal implant is tailored on the back table using a scalpel 
for a perfect fit into the meniscus defect. Scissors are not to be 
used at this time. Care is taken not to oversize or undersize the 
implant. The scaffold device should be manipulated using a 
pair of anatomical tweezers. Although the implant material is 
strong, it needs to be handled with care (Fig. 4a, b).

The tailored Actifit meniscal implant is delivered into the 
knee joint through a (potentially enlarged) anteromedial portal 
using curved clamps or any clamp device at the surgeon’s 
discretion.

Other options are to first place a vertical holding suture in 
the defect and then insert the implant through the eye of this 
suture. This may ensure a good initial position of the implant 
and facilitate fixation of the device. The upper and lower 

Lateral
meniscus

Medial
meniscus

10 mm

26 mm 22 mm

10 mm

35
 m

m

8 
m

m

8 
m

m

45
 m

m

10 mm 10 mm

Fig. 1 The Actifit meniscal implant is available in a medial and lateral 
shape

Fig. 2 The damaged meniscus is debrided to a stable and potentially 
bleeding rim

Tx menisc Orteq MIRI

Fig. 3 The resulting meniscus defect is measured with the measuring 
device and assessed using the appropriate evaluation tools
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meniscal implant surfaces are marked to avoid positioning 
problems (Fig. 5). Further stabilization of the implant is 
obtained by suturing it to the meniscal remnant and rim.

Several suturing techniques are available, among which ver-
tical suturing techniques are preferably used. Horizontal sutures 
can also be used and provide the same stability. Because all-
inside suturing material has proven to be most effective, these 
techniques are commonly used, although a combination of 
outside-in techniques, depending on the exact location of the 
defect and the experience of the surgeon, is also an option.

Most often, outside-in suturing techniques are recom-
mended for the anterior and middle parts of the medial menis-
cus, and all-inside techniques for the stabilization of the 
mid-posterior and posterior Actifit meniscal implants. The 
sutures have to be placed approximately 0.5 cm apart, each 
suture at 1/3 to 1/2 of the implant height measured from its 
lower surface, in order to allow for proper fixation of the 
suture in the implant. Once the implant has been securely 
fixed, the stability of the fixation is tested with the probe 
while carefully moving the knee through a range of motion 
(0–90°) (Fig. 6a, b). The surgical field should be visualized 
and the skin sutures properly placed for correct skin closure.

Implantation of the Actifit Lateral  
Meniscal Implant

The Actifit lateral meniscal implant is placed in accordance 
with the medial meniscal technique.

Surgery is performed arthroscopically, using routine 
arthroscopic knee surgery equipment. Either spinal or general 
anaesthesia is used at the discretion of the orthopaedic surgeon. 
A tourniquet and thigh fixation is routinely used so that proper 
varus stress can be applied. Although lateral compartment nar-
rowing is rare, progressive pie-crusting release techniques as 
used in the medial compartment cannot be applied because of 
anatomical considerations. The surgeon needs to confirm 
whether the lesion is amenable to meniscal reconstruction with 

the Actifit lateral meniscal implant, and to assess the cartilage 
and ligament status. The integrity of the lateral meniscal wall 
across the popliteal space is of mechanical importance. As in 
medial meniscal implantation, the lateral meniscus needs to be 
debrided and prepared to extend into the red-red or red-white 
zone. Meniscal healing can be enhanced by puncturing the 
meniscal wall in order to create vascular access channels. 
Additional gentle rasping may be performed to stimulate heal-
ing. The resulting meniscal defect is then measured with a spe-
cial measuring device, and assessed using the appropriate 
evaluation tools. The Actifit lateral meniscal implant is tailored 
to size using a scalpel, taking care not to undersize or oversize 
the device, and is then manipulated into the correct position 
through an enlarged anterolateral portal. The upper and under-
surface are marked to avoid confusion. Usually, clamps are 
most effective while inserting the device. Again, a vertical 

a bFig. 4 (a) The Actifit meniscal implant is tailored on the 
back table using a scalpel for a perfect fit into the 
meniscus defect. (b) Care is taken not to oversize or 
undersize the device. Although the implant material is 
strong, it needs to be handled with care

Fig. 5 The scaffold device should be manipulated using a pair of ana-
tomical tweezers. The upper and lower meniscal implant surfaces are 
marked
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holding suture can be helpful to pull the implant into place and 
to ensure a good initial implant position, making further fixa-
tion simple and easy. Posterior and mid-posterior meniscal 
fixation requires the use of an all-inside fixation technique. 
Additional fixation into the popliteus tendon is of added ben-
efit. Inside-out or outside-in suturing techniques are appropri-
ate for the anterior and middle parts of the lateral meniscus. A 
posterolateral skin incision may be necessary to avoid lateral 
structure damage, as has been described for standard meniscal 
suturing techniques. Once the implant has been securely fixed, 
the stability is tested by carefully moving the knee through a 
range of motion (0–90°) and using the arthroscopic hook.

Postoperative Care

Venous thromboembolism prophylaxis is prescribed at the 
surgeon’s discretion and is comparable to that administered 
after routine meniscal suturing. A rigid removable brace can 
be applied over a compression bandage in the first postopera-
tive week depending on meniscal implant stability, as evalu-
ated at the end of the procedure.

Rehabilitation

The surgeon should be familiar with the rehabilitation proto-
col after meniscus suturing techniques, and make sure that it 

is strictly followed, particularly with regard to the timing 
and intensity of weightbearing. Weightbearing is prohibited 
until 6 weeks postsurgery. The rigid brace fixation can be 
discontinued as tolerated. At 6 weeks, progressive weight-
bearing can be initiated, with weekly increments of 10 kg for 
patients weighing up to 60 kg, or 15 kg for patients weighing 
up to 90 kg or more. At 9 weeks, the patients should be able 
to bear full weight on the knee with the help of crutches.

Further rehabilitation should be supervised by a physio-
therapist following the guidelines of the orthopaedic surgeon. 
Passive motion is initiated immediately after implantation 
and is gently increased to 60° at 4 weeks. The range of motion 
is then further increased until week 9, when active motion 
until 120° of flexion can be achieved. Straight leg raising is 
recommended. Once 90° of flexion has been obtained, sta-
tionary cycling can be started. From week 10, progressive 
closed-chain exercises and hamstring reeducation can be ini-
tiated, as well as progressive proprioception exercises. From 
week 12, exercises focusing on single-leg strength, running, 
jogging and sport-specific drills are started.

Squatting is prohibited until 3 months postoperatively.

Clinical Outcome

The results of a safety and efficacy study performed at sev-
eral orthopaedic centres of excellence throughout Europe are 
presented.

a bFig. 6 (a) The sutures have to be 
placed approximately 0.5 cm 
apart. (b) Each suture should be 
placed at 1/3 to 1/2 of the implant 
height measured from the lower 
surface of the implant in order to 
allow for proper fixation
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Material and Methods

From March 2007 until April 2008, 52 subjects (mean age : 
30.8 ± 9.4 years) were enrolled in the study. Male patients 
accounted for 35% of the study population. Thirty-four 
medial implants and 18 lateral implants were used. The mean 
longitudinal defect length was 47.1 ± 10.0 mm.

At the time of preparation of this chapter, 45 patients had 
a 12-month follow-up.

Safety

The adverse effects were similar to those reported in the lit-
erature for meniscal surgery and meniscal implants. To date, 
no patients have reported serious adverse device-related 
effects. Seven patients experienced serious adverse events, 
five of which were considered to be related to the procedure 
but not to the device itself. Moreover, the majority of adverse 
events were mild to moderate in intensity. Of these, seven 
were probably or possibly related to the device; 22 were 
related to the meniscal procedure.

Efficacy

Statistically significant improvements from baseline were 
reported for the International Knee Documentation Committee 
(IKDC), Lysholm and Visual Analogue Scale (VAS) knee 
pain scores at 3, 6 and 12 months postimplantation (p < 0.05). 
For the five Knee Injury Osteoarthritis Outcome Score 
(KOOS) subcomponents, statistically significant improve-
ments (p < 0.05) were found in pain, daily living and quality 
of life at 3, 6 and 12 months, and in sports/recreation and 
other symptoms at 6 and 12 months postimplantation.

Histology and Magnetic Resonance  
Imaging Findings

Tissue ingrowth into the scaffold was assessed at 12 months 
by gross examination of the knee joint and index compartment 
(n = 45) and histological examination of biopsies collected 
from the inner free edge of the implanted scaffold during 
relook arthroscopy (n = 45). Tissue ingrowth was also assessed 
at 3 months postimplantation by evidence of vascularization 
in the scaffold, shown by dynamic contrast-enhanced mag-
netic resonance imaging (DCE-MRI) using intravenous gado-
linium contrast material (n = 42). All DCE-MRI scans were 
assessed for neovascularization in the  peripheral half of the 
scaffold meniscus and for integration of the implanted device. 

Cartilage scores in the index compartment were assessed at 3 
and 12 months postimplantation using anatomic MRI scans. 
At 3 months postimplantation, early evidence of tissue 
ingrowth in the peripheral half of the scaffold was observed 
on DCE-MRI in 36/42 (85.7%) subjects. MRI at 12 months 
showed stable or improved cartilage scores compared to base-
line in the index compartment. In addition, tissue regeneration 
was observed in all subjects and complete defect refill in ten 
subjects. Presence of vital tissue with no necrosis or cell death, 
consistent with biocompatibility of the scaffold, was observed 
in all 45 biopsies at 12 months.

Successful tissue ingrowth with cells resembling  meniscus 
cells was visible in distinct layers, each with its own histo-
logical characteristics, presence or absence of vessel struc-
tures, and composition of extracellular matrix. Histological 
data support an ongoing process of regeneration, remodel-
ling and maturation towards tissue resembling the human 
meniscus.

Conclusion

No safety concerns other than those generally acknowledged 
with surgery, were identified. Importantly, no safety issues 
related to the device, including cartilage damage or inflam-
matory reaction to the device or its degradation products, 
were observed. Efficacy data demonstrated a statistically and 
clinically significant improvement compared to the preoper-
ative status for the VAS, IKDC and Lysholm scores at 
3 months and for all subjective clinical outcome scores at  
6 and 12 months postimplantation. The 12-month clinical 
results are comparable to those of partial meniscectomy, with 
the scaffold implant having the considerable added benefit of 
promoting meniscal tissue regeneration.
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New on the Horizon: Meniscus Reconstruction 
Using MenaflexTM, a Novel Collagen Meniscus 
Implant

William G. Rodkey 

The MenaflexTM Collagen Meniscus Implant

Introduction and Rationale

Tissue engineering is a relatively new discipline that has 
recently received significant attention [14]. Tissue engineer-
ing provides a fundamental understanding and technology 
that has permitted the development of structures derived 
from biological tissues. Bioresorbable collagen matrices are 
important examples of innovative new devices that resulted 
from the discipline of tissue engineering [2–4]. These colla-
gen matrix materials have many positive features for use in 
preservation and restoration of meniscus tissue, including a 
controlled rate of resorption based on the degree of cross-
linking. Most noteworthy, processing of the collagen can 
minimize any immune response, and the extremely complex 
biochemical composition of the normal meniscus might be 
recapitulated during the production process. [2–4]. If such a 
material could serve successfully as a scaffold for regenera-
tion of new tissue, then many of the previously noted nega-
tive effects of losing the meniscus cartilage might be 
prevented or at least minimized [1].

We started development of this collagen scaffold, which 
we refer to as the collagen meniscus implant (CMI) and 
which is now marketed as “Menaflex”TM, with straightfor-
ward goals. We set out to generate or grow new meniscus-like 
tissue in an effort to restore or preserve the critical functions 
of the meniscus [5, 6, 10, 11]. We also hoped to prevent fur-
ther degenerative joint disease and osteoarthritis that would 
likely progress and lead to multiple surgeries, possibly includ-
ing partial or total knee replacement. Another goal for this 
regenerated tissue was to enhance joint stability. And finally, 
we wanted the implant and the new tissue to have the effect of 
providing pain relief and precluding the necessity for con-
stant medication. We also focused on several criteria for 
design of the collagen meniscus implant [5, 6, 10, 11]. We 
wanted a material that would be resorbable over time so that 
as the collagen of the scaffold was metabolized, the regener-
ated tissue would have the opportunity to replace it. We also 
planned for the collagen meniscus implant to maintain its 
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structural integrity in the intraarticular environment for a 
period that would be adequate to support the new matrix for-
mation and maturation. It was essential that the material be 
non-immunogenic to minimize reactions that might cause 
rejection or destruction of the implant. Consequently, bio-
chemical techniques were developed as part of the processing 
procedures to minimize such reactions [2–4]. We designed 
the implant to be technically straightforward to implant surgi-
cally with a minimum of sizing considerations. We felt that 
the implant would have to be non-abrasive, not produce any 
wear particles, and not incite an excessive inflammatory 
response. And finally, it was extremely critical that the implant 
be non-toxic to the cells that invaded the scaffold and eventu-
ally produced the new matrix [5, 6, 10, 11].

Hence, it was our hypothesis that if we could provide such 
an environment, the meniscus fibrochondrocytes, or other 
progenitor cells as we would learn later, would migrate into 
the scaffold, divide and populate the scaffold, produce extra-
cellular matrix, and finally lead to the generation of new 
meniscus-like tissue. This new tissue then would preserve 
and help restore the damaged meniscus cartilage and would 
function like the meniscus to be chondroprotective. We 
affirmed our hypothesis and confirmed that we had met our 
requirements in various animal studies [4, 5, 10, 12].

CMI Fabrication

The Menaflex CMI (Fig. 1) is fabricated from bovine Achilles 
tendons. The tendon tissue is trimmed and minced and then 
washed copiously with tap water to remove blood residue 

and water soluble materials. The Type I collagen fibers are 
purified using various chemical treatments such as acid, base, 
and enzymatic processes to remove non-collagenous materi-
als and lipids. The isolated Type I collagen fibers then are 
analyzed for purity. After further processing, terminal steril-
ization is done by gamma irradiation [2–4].

Indications

Initially, the Menaflex was designed only for use in the 
medial compartment of the knee. However, a lateral Menaflex 
has been developed and is in use outside the United States. 
The Menaflex is indicated for use in acute or chronic irrepa-
rable meniscus injuries or after previous partial meniscec-
tomy [8]. There must be enough remaining meniscus rim to 
which the implant can be sutured. The Menaflex is contrain-
dicated after total meniscectomy, if there is uncorrected liga-
mentous instability, if there is uncorrected axial malalignment, 
if there is untreated full-thickness loss of articular cartilage 
with exposed bone, or if there is documented evidence of 
allergy to collagen [8]. Other systemic conditions may also 
preclude use of the implant.

Surgical Technique

The Menaflex is placed using arthroscopic surgical proce-
dures [7–9, 13]. The damaged meniscus tissue is debrided 
minimally until healthy tissue is reached. If the debridement 
does not reach the red-red zone of the meniscus, a microfrac-
ture awl or similar instrument is used to perforate the host 
meniscus rim until a bleeding bed is assured [7–9]. A special 
malleable measuring device developed for this procedure is 
used to measure the exact size of the defect. The collagen 
meniscus implant is measured and trimmed to the correct 
size on the sterile field of the operating environment to fit the 
meniscus defect. If an inside-out suture technique is to be 
used, a posteromedial or posterolateral incision is made 
approximately 3 cm in length parallel and just posterior to 
the collateral ligament directly over the joint line so that the 
inside-out meniscus repair needles can be captured and the 
sutures tied over the capsule [7–9]. A specially designed 
introducer which protects the rehydrated implant is inserted 
through the ipsilateral portal, and then a plunger pushes the 
implant out of the delivery device and into the joint. 
Alternatively, the Menaflex can be inserted into the joint dry 
with the aid of an atraumatic vascular clamp.

After satisfactory positioning, the implant is sutured to 
the host meniscus rim using standard inside-out techniques 
with zone specific meniscus repair cannulae [7–9]. We prefer 

Fig. 1 The Menaflex collagen meniscus implant as it appears prior to 
implantation
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to use a suture “gun”, called the SharpShooter® (ReGen 
Biologics, Hackensack, New Jersey), to pass the sutures. 
Sutures are placed approximately 4–5 mm apart using size 
2-0 nonabsorbable braided polyester suture material. Sutures 
are placed in a vertical mattress pattern around the rim of the 
meniscus remnant, and a horizontal pattern is used in the 
anterior and posterior horns [7–9]. Typically, six to eight 
sutures are used to secure the implant in place. The sutures 
then are tied over the capsule in a standard manner. Recently, 
we have gained positive experience with use of an all-inside 
fixation technique (Fig. 2). For the all-inside technique, we 
prefer the FasT-Fix® (Smith & Nephew, Andover, MA). 
However, additional care must be exercised to avoid damage 
to the implant when using all-inside devices because they 
usually are larger and stiffer than the SharpShooter needles 
and sutures.

Clinical Studies

In a Phase II feasibility study, eight patients underwent 
arthroscopic placement of the collagen meniscus implant to 
reconstruct and restore the irreparably damaged medial 
meniscus of one knee during the first half of 1996 [7]. Seven 
patients had one or more prior partial medial meniscecto-
mies, and one patient had an acute irreparable medial menis-
cus injury. Patients were observed with frequent clinical, 
serological, radiographic, and magnetic resonance imaging 
(MRI) examinations for at least 24 months (range, 
24–32 months) initially. As a part of the initial study, all 
patients underwent relook arthroscopy and biopsy of the 
CMI-regenerated tissue at either 6 or 12 months after implan-
tation [7]. All patients improved clinically from preopera-
tively to 1 and 2 years postoperatively based on pain, Lysholm 
scores, Tegner activity scale, and self assessment. Relook 
arthroscopy revealed tissue regeneration in all patients with 
apparent preservation of the joint surfaces based on visual 

observations. Based on measurements, the average amount 
of meniscus loss (defect) before placement of the Menaflex 
was 62%. That is, only 38% of the meniscus remained. At 
the initial relook surgery, the average filling of the meniscus 
defect was 77% with a range of 40–100% based on actual 
measurements. Histological analysis of the CMI-regenerated 
tissue confirmed new fibrocartilage matrix formation. 
Radiographs confirmed no progression of degenerative joint 
disease in the medial compartment [7].

As a part of a long term (5–6 years) follow-up study, all 
eight patients described above returned for clinical, radio-
graphic and MRI examinations [9]. Clinical outcomes mea-
surements were virtually unchanged from the 2-year 
follow-up examination. Radiographs confirmed that the 
medial compartment chondral surfaces continued to be pro-
tected from further degeneration. MRI revealed that the 
CMI-regenerated tissue continued to mature, and it was often 
indistinguishable from the native meniscus tissue. All eight 
patients underwent relook arthroscopy to assess the status of 
the CMI-regenerated tissues as well as the condition of the 
chondral surfaces. The CMI-regenerated tissue appeared 
similar to the earlier relook arthroscopy, and its appearance 
was meniscus-like, both grossly and histologically [9].

At arthroscopy the amount of the original meniscus defect 
remaining filled by newly generated meniscus-like tissue 
was determined with physical measurements and by com-
parison to video images of the index surgery and the first 
relook procedures. Physical measurements were made using 
the same arthroscopic measuring device that had been used 
during the index surgery. For example, if the original implant 
was 50 mm long and 7 mm wide, then it covered an area of 
350 mm2. If the newly generated tissue was measured and 
determined to cover 300 mm2, then the original defect was 
calculated to remain 86% filled. The average amount of the 
original defect remaining filled at nearly 6 years after place-
ment of the CMI was 69% with a range of 50–95% [9]. That 
is, only a small loss of tissue had occurred since the initial 
relook about 5 years earlier when 77% of the defect was 
filled on average [7]. By adding the amount of filled defect to 
the amount of meniscus remaining at the time of index sur-
gery, this group of eight patients had 81% of their normal 
meniscus (range, 66–98%) at about 6 years after placement 
of the CMI [9]. No negative findings, such as damage to the 
chondral surfaces or exuberant tissue growth, attributable to 
the implant were observed [9].

The positive results of this Phase II feasibility study after 
2 years [7] led to FDA approval of a large multicenter random-
ized (Menaflex versus partial meniscectomy alone) clinical 
trial of more than 300 patients in the United States [8]. Sixteen 
sites with 26 surgeon-investigators enrolled 311 patients with 
an irreparable medial meniscus injury or a previous partial 
medial meniscectomy. There were two study arms, acute and 
chronic. There were 157 patients with no prior surgery to the 

Fig. 2 The Menaflex (CMI) has been inserted into the lesion and is 
being sutured into place using an all-inside technique (arrows)



338 W.G. Rodkey

involved meniscus (“acute”) and 154 with one to three prior 
meniscus surgeries (“chronic”). Patients randomly either 
received the Menaflex or served as partial meniscectomy only 
controls. Patients underwent frequent clinical follow-up exam-
inations through 2 years and completed validated outcomes 
scores through 7 years. Patients receiving a collagen meniscus 
implant were required by protocol to have 1-year relook 
arthroscopy to determine the amount of new tissue growth and 
to obtain a biopsy to assess tissue quality. Reoperation rates 
and survivorship analysis were determined [8].

For patients enrolled in this multicenter study at our insti-
tution (n = 41), no serious or unanticipated complications 
were attributed to the implant. Patients routinely returned to 
daily activities by 3 months and most were fully active by 
6 months, and then they continued to improve through at least 
2 years as evidenced by Tegner and Lysholm scores. ELISA 
testing failed to detect any increase in antibodies to the col-
lagen material. No increased degenerative joint disease was 
observed, nor was there radiographic evidence of further joint 
space narrowing. Sequential MRI examinations revealed pro-
gressive signal intensity changes indicating ongoing tissue 
ingrowth, regeneration, and maturation of the new tissue. 
At relook arthroscopy, gross appearance and shape of the 
regenerated tissue generally were similar to native meniscus 
cartilage with solid interface to the host meniscus rim in the 
majority of patients. The average amount of defect filled, cal-
culated as described above, was greater than 50% with a 
range of 40–90%. Histologically, the collagen implant was 
progressively invaded and replaced by cells similar to menis-
cus fibrochondrocytes with production of new matrix (Fig. 3). 
No inflammatory cells or histological evidence of immuno-
logic or allergic reactions were observed.

For all patients in the multicenter trial, we prospectively 
determined changes in Tegner activity levels from preoperative 

to 2 years postoperative in patients who received the Menaflex 
and were documented to have >50% total meniscus tissue at 
1-year relook arthroscopy [8]. One hundred thirty-eight patients 
18–60 years old underwent partial medial meniscectomy and 
placement of a Menaflex to fill the meniscus defect. There were 
64 acute (no prior meniscus surgery) and 74 chronic (one to 
three prior partial meniscectomies on the involved meniscus) 
patients in this analysis. At index surgery, meniscus defect size 
was measured with specially designed instruments, and the per-
cent of meniscus loss was calculated based on these actual mea-
surements. Relook arthroscopy was performed at 1 year on 124 
patients (90% surgical follow-up), and percent total meniscus 
surface area coverage (remnant + new tissue) was determined 
by making these same measurements and calculations. Patients 
were followed clinically for a minimum of 2 years after implant 
placement. At each follow-up, all patients completed question-
naires, including a Tegner score to assess activity. We then 
determined changes in Tegner score from the index surgery to 
2 years status post implant placement in these patients [8].

Of 124 relooks, 111 patients (90%) had >50% total menis-
cus tissue. In these patients, average Tegner activity scores 
improved by two levels from three to five from preoperative 
to 2 years status post implant. This increased change in activ-
ity levels significantly correlated with total meniscus tissue 
>50% (r = 0.21, p = 0.02). These findings mirrored those we 
previously reported for partial meniscectomy patients in 
which >50% of the meniscus was maintained. Based on these 
observations, we conclude that there is a significant correla-
tion between change (increase) in Tegner activity levels over 
2 years and percent total meniscus tissue in patients who 
receive the Menaflex as treatment for meniscus loss and have 
>50% total meniscus tissue. This study confirms the impor-
tance of preserving as much meniscus tissue as possible at the 
time of repair or meniscectomy. It clearly supports the poten-
tial positive benefits of regrowing or regenerating lost menis-
cus tissue to assist patients in regaining their activity [8].

In the control group of this same randomized study, we 
prospectively determined the amount of tissue loss at time of 
partial medial meniscectomy and then correlated the extent 
of meniscus loss with clinical symptoms, function, and activ-
ity levels 2 years following the index meniscectomy. One 
hundred forty-nine patients 18–60 years old underwent par-
tial medial meniscectomy and served as controls. There were 
81 acute (no prior meniscus surgery) and 68 chronic (one to 
three prior partial meniscectomies on the involved meniscus) 
patients in this analysis. At index surgery, size of the menis-
cus defect was measured using specially designed instru-
ments, and percent of meniscus loss was calculated based on 
actual measurements. Patients were followed clinically for a 
minimum of 2 years following meniscectomy. At each 
 follow-up, every patient completed questionnaires including 
Lysholm and Tegner scores to assess function and activity. 
Amount of meniscus tissue at index surgery was correlated 

Fig. 3 The Menaflex was progressively invaded and replaced by cells 
similar to meniscus fibrochondrocytes (vertical arrows) with produc-
tion of new matrix. Some implant remnants (CMI) are noted by the 
horizontal arrow. Original magnification = 100×
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with the individual domains of the Lysholm scale. Tegner 
index was calculated to determine the amount of lost activity 
regained 2 years after surgical intervention [8].

Two-year data were available for 127 patients (85% follow-
up). There was a significant correlation between the amount of 
meniscus tissue remaining following the index meniscectomy 
and 2-year Lysholm domains of squatting (r = 0.28, p = 0.001), 
stair-climbing (r = 0.25, p = 0.004), and swelling (r = 0.26, 
p = 0.003). In particular, it is noteworthy that patients who had 
>50% of their meniscus remaining had significantly better func-
tion than patients who had <50% meniscus remaining. Patients 
who had worse or no improvement in pain symptoms at 2 years 
averaged 42% meniscus remaining, while patients who had 
improved pain scores had on average 51% meniscus remaining. 
Tegner index for patients with <50% meniscus remaining aver-
aged 24%, and for patients with >50% meniscus remaining 
averaged 52% (p = 0.02); hence, a greater amount of meniscus 
tissue remaining allowed patients to regain significantly more 
of their lost activity. Based on these findings, we concluded that 
there is a significant correlation between the amount of menis-
cus tissue removed at meniscectomy and symptoms, function, 
and activity 2 years after surgery. This study confirms the 
importance of preserving as much meniscus tissue as possible 
at the time of meniscus repair or meniscectomy as well as the 
potential positive benefits of regrowing or replacing lost menis-
cus tissue in order to minimize clinical symptoms that may be 
suggestive of early degenerative changes.

We then carried out longer term follow-up [8]. In the acute 
group, 75 patients received the Menaflex and 82 were con-
trols. In the chronic group, 85 patients received the implant 
and 69 were controls. Mean follow-up was 59 months (range, 
16–92). Based on 141 relooks at 1 year, the Menaflex implant 
resulted in significantly (p = 0.001) increased meniscus tis-
sue compared to the original index partial meniscectomy. 
The implant supported meniscus-like matrix production and 
integration as it was assimilated and resorbed. Chronic 
patients receiving an implant regained significantly more of 
their lost activity (Tegner index) than did controls (p = 0.02). 
Through 5 years, chronic patients receiving an implant 
underwent significantly fewer non-protocol reoperations 
(p = 0.04). No differences were detected between the two 
treatment groups in acute patients [8].

Based upon our personal experiences with the limited 
long term feasibility study [9] and the randomized multi-
center clinical trial [8], we conclude that the Menaflex 
(CMI) is implantable, biocompatible, and bioresorbable. It 
supports new tissue regeneration as it is resorbed, and the 
new tissue appears to function similar to normal meniscus 
tissue. While the advantage of the Menaflex, as opposed to 
partial meniscectomy alone, in limiting the progression of 
degenerative joint disease over the long term has not been 
definitely proven yet, the results of the studies described 
above provide evidence that a collagen meniscus implant-

based, tissue-engineered meniscus structure can survive 
within the joint. Based on the relook procedures, the chon-
dral surfaces are protected by the CMI-regenerated tissue. 
No serious or unanticipated complications directly related 
to the Menaflex have thus far been observed, and most 
patients have functioned well based on clinical examination 
and outcomes assessment. Relook arthroscopy results are 
positive and encouraging. These findings lend strong sup-
port to the concept that a collagen meniscus implant can be 
used to replace irreparable or removed meniscus tissue.
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Collagen Meniscus Implantation in Athletically 
Active Patients

David N.M. Caborn, W. Kendall Bache, and John Nyland 

Meniscal Loss

Healthy menisci are critical to knee joint load transmission 
and preservation. Meniscal loss or dysfunction creates 
abnormal wear of medial or lateral compartment articular 
cartilage, setting the stage for osteoarthrosis. Complete or 
partial meniscectomy were traditionally performed with lit-
tle consideration for their influence on the health of adjacent 
knee tissues. Today, with greater understanding about the 
functional significance of meniscal tissue, we attempt to 
repair it whenever possible. Sometimes, however injured, 
meniscal tissue cannot be repaired. When this is the case, 
innovative approaches such as the use of a resorbable colla-
gen-based implant can provide an important surgical treat-
ment option [12].

Collagen Meniscal Implantation

The Menaflex™ collagen meniscus implant (formerly known 
as CMI or collagen meniscal implant) is a resorbable  
collagen-based surgical mesh that is composed primarily of 
type I collagen. This implant is made from purified type I 
collagen isolated from bovine Achilles tendons, which are 
minced, washed, purified, filtered, freeze-dried, molded, and 
cross-linked by glutaraldehyde, producing a rubber C-shaped 
disk. During implantation, the damaged meniscal tissue is 
debrided until healthy, vascularized tissue is reached (or the 
rim of the meniscus is perforated to create a bleeding bed), 
and the carefully shaped and trimmed implant is sutured into 
place on the meniscal rim providing a bridge across which 
new cells can migrate. To be effective, the peripheral rim of 
the damaged meniscus must be intact [2]. The Menaflex™ 
implant is meant to be resorbed as new meniscal tissue is 
formed, and it was designed to be used in patients with either 
irreparable meniscal damage, or that had previously under-
gone meniscectomy. Using biopsy specimens from four 
patients, Reguzzoni et al. [6] evaluated the histology and ultra-
structure of the collagen meniscus implant using light 
microscopy, scanning electron microscopy, and transmission 
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electron microscopy at 6 months following implantation. 
Implant sections appear to be composed of parallel connec-
tive laminae of 10–30 m, connected by smaller bundles 
(5–10 m). The connective tissue network formed lacunae 
with diameters between 40 and 60 m. At higher magnifica-
tion, the walls of the lacunae appeared to be tightly packed 
with randomly distributed collagen fibrils with diameters 
ranging from 73 to 439 nm. Biopsy specimens revealed lacu-
nae filled with connective tissue that contained newly formed 
vessels and fibroblast-like cells, presenting an abundant 
rough endoplasmic reticulum and several mitochondria. In 
the extracellular matrix the collagen fibrils showed uniform 
diameters (126 ± 32 nm). The original structure of the implant 
was still recognizable, and no inflammatory cells were 
detected. They concluded that the implant provided an effec-
tive three-dimensional scaffold suitable for colonization by 
precursor cells and vessels, leading to the formation of fully 
functional tissue.

Literature Review of Clinical Studies

In studying eight patients that underwent arthroscopic 
 collagen meniscus implantation to reconstruct and restore 
the irreparably damaged medial meniscus of one knee, 
Rodkey et al. [8] performed clinical, serologic, radio-
graphic, and MRI examinations at a minimum of 24 months 
(range = 24–32 months) post-implantation. Additionally, all 
patients underwent second-look arthroscopy and biopsy of 
the implant regenerated tissue at either 6 or 12 months post-
surgery. Based on pain, Lysholm, Tegner activity scale, and 
self-assessment by 1 or 2 years post-surgery, all patients 
improved from their preoperative state. Second-look arthros-
copy revealed tissue regeneration in all patients with appar-
ent preservation of the joint surfaces based on visual 
observations. Histologic analysis confirmed new fibrocarti-
lage matrix formation. Radiographs confirmed no progres-
sion of knee joint degeneration. The study by Rodkey et al. 
[8] showed that all subjects returned to activities of daily liv-
ing by 3 months post-implantation and unrestricted activities 
by 6 months. All subjects had improved Lysholm scores and 
decreased pain at 24 months post-implantation. However, 
activity improvement levels varied greatly among subjects 
with some showing a marked improvement, others only 
improving slightly, and some showing activity level decreases. 
This finding supports collagen meniscus implant use for alle-
viating knee pain and improving subject activity levels sug-
gesting that return to certain sports might be possible by as 
early as 6 months post-implantation. This study however 
consisted of subjects of a mean 40 years of age (range = 24–49). 
How well it would work on older or younger subjects is not 
known at this point. Although encouraging, patient outcome 

data at 2 years post-implantation may not be sufficient to 
provide complete information regarding possible side effects 
or implant degradation.

At a mean 5.8 years (range 5.5–6.3 years) follow-up of 
the same patient group Steadman and Rodkey [10] reported 
that Lysholm scores improved from 75 preoperatively to 88, 
Tegner activity scores improved from 3 to 6, and patient self-
assessment improved from 2.4 to 1.9 (end range descriptors 
of 1 = normal, 4 = severely abnormal). Pain scores improved 
from 23 to 11 (0 = no pain, 100 = worst pain). Imaging studies 
confirmed that medial compartment chondral surfaces 
had not degenerated further following implant placement. 
Second-look arthroscopy with direct measurement of the 
newly generated tissue revealed 69% defect filling. Histo-
logic assessment of tissue biopsy specimens from three 
patients revealed fibrocartilage with a uniform extracellular 
matrix. The activity levels of most subjects improved enough 
to enable a return to heavy work, as well as, recreational or 
mildly competitive sports. These findings however repre-
sented only eight subjects (age range = 30–55 years) and sub-
jects that had comparatively lower activity scores at study 
onset and a history of multiple previous knee injuries and 
surgeries did not display as much improvement as subjects 
who had higher activity level scores at study onset. Second-
look arthroscopy revealed on average an 81% restoration of 
meniscal tissue at 70 months post-implantation. Some 
decrease in implant volume however was observed which 
could possibly get worse over time possibly being related to 
increased degenerative changes. No control groups were 
used and study subjects were all men.

In a case report of a 40-year-old sportsman who had suf-
fered simultaneous anterior cruciate ligament (ACL) rupture, 
an irreparable medial meniscal tear, and a chondral injury to 
the medial femoral condyle, Ronga et al. [9] described their 
rationale for using both a collagen meniscal implant and 
autologous chondrocyte implantation on a collagen mem-
brane (MACI). In a staged procedure, the ACL was recon-
structed using a bone-patellar tendon-bone autograft and a 
collagen meniscus implant. Six months later the MACI pro-
cedure was performed. Biopsy, histologic testing, and ultra-
structural analysis of the collagen meniscus implant at this 
time revealed cellular invasion of the scaffold and the pres-
ence of newly synthesized connective tissue. At 2-year  
follow-up the International Cartilage Repair Society score 
was nearly normal, and the Cincinnati Knee-Rating System, 
Lysholm II Scale, Tegner Activity Scale, and International 
Knee Documentation Committee Subjective Evaluation 
scores were 7 of 10, 88 of 100, 6 of 10, and 81.5 of 100, 
respectively. MRI revealed appropriate integration of both 
the meniscal and articular cartilage implants.

There is a growing body of evidence that supports colla-
gen meniscus implant use in patients with a greater age 
range. In a prospective study of eight patients (mean 
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age = 31 years, range = 20–51 years) that received a collagen 
meniscus implant to restore their medial meniscus,  
Zaffagnini et al. [13] reported no implant complications at a 
minimum 6 year follow-up. Additionally, all patients had 
returned to unrestricted activities of daily living by 3 months 
post-surgery. MRI revealed that six patients had medial knee 
compartment space and articular cartilage preservation that 
was similar to preoperative conditions. Second-look arthros-
copy revealed varying amounts of implant resorption with 
almost complete resorption in one patient. At 6–8 years fol-
lowing collagen meniscal implantation, Zaffagnini et al. [13] 
reported improved International Knee Documentation 
Committee, Cincinnati Knee Rating System, and pain level 
self-assessment scores. Findings suggested that improved 
function was maintained at follow-up. This study however 
represented a very small subject group of eight men between 
20 and 51 years of age.

Using MRI, second-look arthroscopy, and clinical exami-
nation to evaluate collagen meniscus implant use in patients 
with irreparable medial meniscal tears, Bulgheroni et al. [1] 
reported significant Lysholm and Tegner activity score 
improvements at 2 and 5 years post-surgery. Further evidence 
of degenerative knee joint changes was not observed in most 
subjects. A few patients however experienced further degen-
erative knee joint changes (9/28, 32.1%) and these patients 
did not respond well to treatment. Stone et al. [11] reported 
the results of nine patients that were followed over 36 months 
following collagen meniscus implant insertion for treatment 
of an irreparable tear of the meniscus or major loss of the  
meniscus in a stable or stabilized knee. At 3 or 6 months fol-
lowing implantation second-look arthroscopy, gross and his-
tological evaluation revealed newly formed meniscal tissue 
was replacing the gradually resorbing implant. By 36 months 
post-implantation, all nine patients had decreased knee pain. 
With sports activity end range descriptors of strenuous sports 
activity = 1, and inability to perform sports activities = 5, the 
average score was 1.5 prior to knee injury, 3.0 after the injury 
and before surgery, 2.4 at 6 months post-surgery, 2.2 at 
12 months post-surgery, 2.0 at 24 months post-surgery, and 
1.9 at 36 months post-surgery. With pain scale end range 
descriptors of severe pain = 3 and no pain = 0, the average 
preoperative pain score was 2.2, and 0.6 at 36 months post-
surgery. Progressive tissue maturation on MRI was noted in 
the regenerated meniscus at 3, 6, 12, and 36 months post-
surgery. Stone et al. [11] reported no immune responses with 
collagen meniscus implant use and knee pain was decreased 
in all patients. By 36 months post-implantation all subjects 
had returned to moderate-to-strenuous activities from light-
to-no activities prior to surgery. Most subjects reported 
improved activity levels at 6–12 months post-implantation. 
Based on study results they suggested that the collagen scaf-
fold appeared to be safe for 3 years, was easily implantable, 
and was able to support tissue ingrowth. They suggested that 

growth-stimulating factors might be beneficial to further 
accelerate tissue ingrowth. They recommended that longer 
duration safety studies were needed.

In a prospective, randomized, arthroscopically controlled 
study, Linke et al. [5] evaluated collagen meniscus implant use 
in 60 patients (mean = 41.6 years, range = 19–68 years) with 
subtotal medial meniscus loss and a genu varus morphotype. 
All patients underwent high tibial valgus osteotomy, with 30 
patients also receiving a collagen meniscus implant. Evaluation 
of Lysholm and International Knee Documen tation Committee 
scores and subjective pain relief data at 24 months post-sur-
gery revealed only slight differences between groups. Linke 
et al. [5] reported that 15/23 (65.2%) subjects showed good 
collagen implant healing post-surgery, however those that did 
not heal effectively displayed evidence of implant degenera-
tion. In 2008, Rodkey et al. [7] reported their findings from a 
prospective randomized controlled, multicenter and multi-
surgeon study of 157 patients and two study arms. One study 
arm consisted of 157 patients with no prior meniscal surgery 
(acute arm), and the other consisted of 154 patients that had 
between 1 and 3 prior meniscal surgical procedures (chronic 
arm). Patients were randomized to receive either a collagen 
meniscus implant or to serve as a control subject treated only 
with partial meniscectomy. Subjects that received the collagen 
meniscus implant underwent second-look arthroscopy at 
1 year post-surgery. In the acute group, 75 patients received a 
collagen meniscus implant and 82 patients were controls. In 
the chronic group 85 patients received the implant and 69 
patients were controls. The mean duration of follow-up was 
59 months (range = 16–92 months). The 141 second-look 
arthroscopies revealed that the collagen meniscus implant had 
significantly increased meniscal tissue compared to what was 
observed after the index partial meniscectomy. The implant 
supported meniscus-like matrix production and integration as 
it was assimilated and resorbed. Patients in the chronic arm 
who received an implant displayed significantly increased 
activity levels compared to control subjects and they had sig-
nificantly fewer non-protocol related reoperations. No differ-
ences were detected between the two treatment groups in the 
acute arm of the study. From these findings Rodkey et al. [7] 
concluded that the collagen meniscus implant was effective 
for replacing irreparable or deficient meniscal tissue in patients 
with chronic meniscal injury, but it did not benefit patients that 
had an acute injury.

Future Directions

Based on existing information Van Tienen et al. [12] sug-
gested that collagen meniscus implant use was superior to 
partial meniscectomy in preventing articular cartilage degen-
eration and helping patients return to activities of daily living 
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and sports without developing knee osteoarthrosis. Concerns 
however exist since human studies have been derived only 
from partial replacement, with only animal studies having 
performed complete meniscal replacements. Additionally, 
long-term studies beyond 6–8 years post-implantation are 
lacking, thereby the true efficacy of collagen meniscus 
implant use to protect against knee osteoarthrosis is still 
unknown. It may take longer for knee osteoarthrosis to 
develop in younger patients and the true prophylactic effect 
of collagen meniscus implant use is not completely under-
stood. This implant and procedure does not affect everyone 
equally. In many studies 66–70% had good outcomes, how-
ever 30–34% did not appear to receive any benefit. Genovese 
et al. [4] used MRI to evaluate collagen meniscus implant 
structure post-implantation reporting that 35/40 (87.5%) of 
patients displayed a shape and size that was identical to the 
normal meniscus, and 5/40 (12.5%) had small or irregular 
morphology. However, by 2 years, implant size had decreased 
slightly in 15/16 (93.8%) of the patients that were still being 
monitored. Although the size reduction did not appear to 
jeopardize implant integration, longer term studies are 
needed to determine the functional significance of these 
reductions. Evidence regarding collagen meniscus implant 
use in the very young, the elderly, and women in general is 
quite limited. Therefore, it appears that we still have more to 
learn regarding appropriate patient selection and how much 
can be safely used.

Examples of Menaflex™ Use in Athletically 
Active Patients

Although originally designed for middle-aged patients with 
chronic meniscal injury or loss, collagen meniscus implant 
use may also benefit a wider range of patients with irrepara-
ble meniscal injury or chronic loss. Use of collagen menis-
cus implants is becoming increasingly more common among 
sports-minded individuals including young, middle-aged, 
and older patients. There are new paradigms for joint restora-
tion that integrate cellular, intra-articular enhancements such 
as Menaflex™, and extra-articular environmental enhance-
ments such as progressive functional therapeutic exercise 
interventions that include nutrition and supplementation 
(nutraceuticals), bracing, and injectables, particularly if the 
patient has a concomitant articular cartilage injury. The 
remainder of this chapter will describe three patient cases in 
which collagen meniscus implants were used as a form of 
interpositional arthroplasty to preserve knee joint articular 
cartilaginous surfaces and prevent knee osteoarthrosis in ath-
letically active patients. If the patient for whom we are con-
sidering collagen meniscus implant use has a history of 
articular cartilage degeneration or injury, we frequently rec-
ommend a 6 week preoperative course of glucoasamine 
chondrotin sulfate with methyl sulfonyl methane and/or a 

series of hyaluronic acid injections. Postoperatively, a  
circulating cryotherapy system (Kinex ThermoComp™, 
Waukesha, WI, USA) and a continuous passive range of 
motion device (Kinex K4-Xtend KNEE CPM™, Waukesha, 
WI, USA) are used for 4 h daily for the initial 3 postopera-
tive weeks. Partial weight bearing (50%) is performed over 
the initial 3–4 postoperative weeks. Outpatient physical  
therapy emphasizes integrated core-lower extremity senso-
rimotor, strength-power, and neuromuscular rehabilitation. 
Physical therapy is supplemented with aquatic therapy to 
improve pain-free active knee range of motion, and inte-
grated core-lower extremity coordination. Patients are gener-
ally released to full, unrestricted activities by 6 months 
post-surgery.

Patient Case #1

M.A. a 12-year-old female who underwent a previous left 
knee lateral discoid meniscus repair in August 2006 fol-
lowed by lateral meniscal debridement and medial meniscus 
repair in December 2008. Following the second surgical 
intervention the persistent pain, catching, weakness, and left 
knee stiffness she continued to experience led to her parents 
deciding to have her participate in home schooling. In  
June 2009 physical examination of the patient’s left knee 
revealed a genu valgus habitus, pain with deep squatting, 
patella alta, and increased functional “Q” angle, positive 
McMurray’s test, and a negative Lachman’s test. Standard 
radiographs revealed joint space narrowing at the lateral 
tibiofemoral joint compartment and a well-preserved joint 
space at the medial tibiofemoral joint compartment. MRI 
arthrogram (Fig. 1) revealed a bucket handle tear of the lat-
eral meniscus, which was displaced into the medial aspect 
of the lateral compartment and into the lateral aspect of the 
intercondylar notch. Additionally, the lateral meniscus rim 
was extruded laterally. The option for primary lateral menis-
cal repair did not exist. The option for performing a lateral 
meniscus transplant would increase the possibility of jeop-
ardizing her proximal tibial growth plate. The decision was 
made to consider Menaflex™ implantation. Arthroscopic 
evaluation confirmed substantial irreparable lateral menis-
cus injury (Fig. 2). The lateral meniscal tear site was pre-
pared using a shaver (Fig. 3) and a Menaflex™ collagen 
meniscus implant was secured into position using Fast-Fix 
devices (Fig. 4). At 1 year post-implantation the patient had 
returned to high school and was participating in recreational 
roller skating activities.

Patient Case #2

J.L. is a 50-year-old female aerobics instructor who under-
went medial meniscal debridement of her left knee in 2005. 
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In April 2009, while training for a marathon she began to 
experience lateral pain at her left knee. Physical examination 
failed to reveal joint line tenderness, McMurray’s and 
Lachman’s tests were negative. Standard radiographs 
revealed acceptable medial and lateral tibiofemoral joint 
spaces. MRI of the left knee revealed a degenerative tear at 
the posterior horn of the medial meniscus (Fig. 5). In addi-
tion to observing an approximately 80% loss of the posterior 
horn of the medial meniscus from previous injury and sur-
gery, arthroscopic examination revealed grade I and II degen-
eration at the medial femoral condyle and medial tibial 
plateau surfaces. The medial meniscal tear site was prepared 
using a shaver (Fig. 6) and a Menaflex™ collagen meniscus 
implant was secured into position using Fast-Fix devices 
(Fig. 7). At 1 year post-implantation the patient returned to 
recreational running for 3 miles per session and started 

Fig. 1 MRI arthrogram revealing a lateral meniscus tear displaced into 
the medial aspect of the lateral compartment and into the lateral aspect 
of the intercondylar notch. Lateral extrusion of the lateral meniscus rim 
was also noted

Fig. 2 Arthroscopic evaluation confirmed substantial irreparable  lateral 
meniscus injury

Fig. 3 The lateral meniscal tear site was prepared using a shaver

Fig. 4 The Menaflex™ collagen meniscus implant was secured into 
position using Fast-Fix devices

Fig. 5 MRI revealing a degenerative tear at the posterior horn of the 
medial meniscus
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teaching low impact aerobics with only occasional, mild 
knee joint discomfort.

Patient Case #3

R.G. is a 42-year-old male physician who is a recreational 
soccer athlete. An MRI in 2003 revealed ACL rupture and 
myxoid degeneration of his medial meniscus [3]. In 2003,  
a left knee ACL reconstruction was performed using a tibia-
lis anterior allograft and interference screw fixation. In 
October 2008 he began experiencing bilateral tibiofemoral 
joint compartment tenderness. Two platelet-rich plasma 
injections were performed in the posterior horn region of the 
medial meniscus in his left knee to stimulate healing.

In May 2009 he sustained a twisting knee injury while 
playing soccer that tore his medial meniscus. MRI revealed a 
complex tear of his medial meniscus with both radial and 
vertical components (Fig. 8). Arthroscopic examination 
revealed degeneration of the posterior meniscal horn with 
the complex, irreparable tear extending to the mid-meniscal 
body (Fig. 9). The medial meniscus tear site was prepared 
using a shaver and a Menaflex™ collagen meniscus implant 

Fig. 6 The medial meniscus repair site was prepared using a shaver

Fig. 7 The Menaflex™ collagen meniscus implant was secured into 
position using Fast-Fix devices

Fig. 8 MRI revealed a complex tear of his medial meniscus

Fig. 10 The Menaflex™ collagen meniscus

Fig. 9 Arthroscopic examination revealed degeneration of the posterior 
meniscal horn with the complex, irreparable tear extending to the mid-
meniscal body
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was secured into position using Fast-Fix devices (Fig. 10). 
At 2 years post-implantation, the patient returned to regular 
straight ahead running, recreational tennis, and moderate 
intensity soccer drills without complaint.
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Gait Pattern After Meniscectomy

Güne  Yavuzer, Ali Öçgüder, and Murat Bozkurt 

The knee menisci perform a shock absorbing and load trans-
mitting function in the knee, mainly through distribution 
of mechanical stress over a large area of the joint cartilage 
[18, 28]. They also contribute to stability and lubrication 
of the knee joint [18]. Meniscal tears are a common knee 
problem caused by trauma, ageing or degenerative proc-
esses [10]. Untreated meniscal tears may present itself with 
knee locking, instability and pain as the outer one-third of 
the meniscus has neural innervation including nociceptors 
[10–12]. Asymptomatic meniscal tears are also possible and 
frequently found on the knee MRI of the middle-aged or 
older patients [10]. Cross-sectional studies reported a weak 
relationship between the lesion and the pain intensity [12].

Previous studies have shown that, in some patients, tear of 
the menisci increases stress on the joint surfaces leading to 
secondary knee osteoarthritis (OA) as a delayed effect [12, 13]. 
To preserve meniscus function as much as possible, the dam-
aged section is removed by partial meniscectomies. However, 
partial and total meniscectomies may further alter the load 
distribution [19]. In spite of promising findings in terms of 
pain relief due to meniscal damage [36], Roos et al. [30] 
reported limitations in daily functional activities such as run-
ning and squatting of patients with a history of arthroscopic 
partial meniscectomy (APM). Long-term follow-up studies 
have shown that the prevalence of knee OA increases with 
meniscectomy. The decreased contact area at the knee after 
meniscectomies causes greater magnitude of compressive 
and shear stress to the articular cartilage and may lead to 
subsequent OA [19]. Englund et al. suggested that surgical 
resection of nonobstructive degenerate lesions may only 
remove evidence of the disorder while the OA and associated 
symptoms proceed [11]. One of every two individuals who 
had an APM developed knee OA within 5 years of surgery 
[4, 29]. Currently, factors protecting the remaining 50% of 
the population from increased risk of knee OA are unknown 
and deserve further investigations.

Quantitative gait analysis has improved our knowledge on 
pathologic gait patterns which can be helpful in determining 
the aetiology of knee problems as well as clinical decision 
making [37]. The use of gait analysis as a prophesy of forth-
coming knee problems after meniscectomy continues to gain 
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popularity. The increasing body of knowledge and experi-
ence regarding arthroscopic treatment of meniscus and cru-
ciate pathologies suggest that good results can be expected 
for a group of patients. However, there is a paucity of the 
literature on the natural course of knee OA caused by inter-
nal knee pathologies. Short-term gait alterations after menis-
cectomy may be related to pain, changes in perceptual 
sensation [14] and compromised muscular strength [33]. In 
the long-term, malalignment [6], cartilage degeneration and 
compensatory mechanisms may be responsible for the resul-
tant gait pattern [1, 3, 5, 9, 17, 19–23]. Besides surgical inter-
vention, conservative approaches including but not limited to 
knee braces, shoe wedges, training protocols targeting on 
improving proprioception, balance and muscle strength are 
recommended to reduce pathological loading of the knee 
[16]. Detecting the early signs for increased risk of osteoar-
thritis by QGA may decrease morbidity long after meniscec-
tomy. In a cross-sectional study, Davies-Tuck et al. [7] 
examined 20 women with no clinical knee OA and demon-
strated a significant positive relationship between the pres-
ence and severity of medial meniscal lesions and the 
magnitude of the peak external knee adduction moment as 
well as the degree of internal foot rotation during level walk-
ing. They concluded that modifying gait parameters by using 
gait retraining or orthoses may help to reduce the incidence 
and burden of knee OA.

The most common gait variable used to assess knee 
pathologies are knee adduction moment in frontal plane and 
knee extension moment in sagittal plane during stance phase. 
The knee adduction moment pushes the knee into varus pos-
ture increasing the loading on the medial articular surfaces of 
the tibiofemoral joint [26, 31]. Large knee adduction 
moments are associated with presence [2], severity [32, 35] 
and progression [24] of knee OA. Astephen JL [1] concluded 
the frontal plane loading and loading phase of gait cycle to 
be characteristic of severe knee OA. Again it was empha-
sised that gait analysis should be used to detect the process of 
knee OA in earlier phases. Decreased knee extension 
moments were reported in patients with knee pain [27], knee 
OA [15] and ACL injury [8].

Sturnieks et al. [34] investigated spatiotemporal data, joint 
kinematics and joint kinetics on 105 pain-free patients who 
had recently undergone arthroscopic partial meniscectomy 
and 47 healthy controls, walking at a self-selected speed. The 
meniscectomy population was comparable to controls in spa-
tiotemporal parameters and knee kinematics. However, they 
reported a reduced range of motion (ROM) and lower peak 
moments in the sagittal plane on the operated limb compared 
to the nonoperated limb. Compared to controls, the meniscec-
tomy patients had significantly larger knee adduction moments 
over stance, which would increase articular loads on the 
medial compartment of the tibiofemoral joint and may con-
tribute to the high risk of knee osteoarthritis following 

arthroscopic meniscal surgery. The same group further inves-
tigated the relationship between muscular strength about the 
knee and knee joint moments during gait in the same popula-
tion and pointed out the importance of muscle strengthening 
after APM [33]. In their study, they divided patients into weak 
and normal subgroups and compared with controls for spa-
tiotemporal, kinematic and kinetic gait parameters. Even 
though spatiotemporal parameters, kinematics and sagittal 
plane kinetics were similar between APM patients and con-
trols, the APM group displayed weaker concentric knee 
extension and flexion strength compared with controls. The 
weak APM subgroup had an increased average and peak knee 
adduction moments over stance compared with the APM sub-
group with normal strength levels and controls. The normal 
strength APM subgroup had a larger peak knee adduction 
moment in early stance compared with controls. By analysing 
knee strength and knee adduction moments they concluded 
that achieving normal lower limb muscle strength following 
APM appears important to gain normal frontal plane loading 
of gait cycle. Fig. 1 presents knee adduction moment of a 
patient with unilateral meniscectomy.

Durand et al. [9] studied motor recovery after arthroscopic 
partial medial meniscectomies in 17 men who were 25–49 years 
old. The patients were evaluated before the operation and 2, 4 
and 8 weeks after the operation. Motion of the hip, knee and 
ankle in the sagittal plane and the electromyographic activi-
ties (as measured with surface electrodes) in five muscles 
were recorded while each subject walked on a level walkway 
and then ascended and descended stairs at free speeds. They 
found both before and after surgery that the patients walked 
slower and took shorter strides than the control subjects. 
Some abnormalities were present until 8 weeks post-opera-
tively. Pre-operatively they did not find differences between 
patients and the control group with respect to either motion 
or the muscle activation profiles. After surgery they reported 
decreased flexion of the knee during weight acceptance and 
in early and late swing phases. At 8 weeks there was a 

1 25 49

0,8
0,7
0,6
0,5
0,4
0,3
0,2
0,1

–0,1
–0,2

0

N
m

/k
g

knee adduction moment

Fig. 1 Knee adduction moment graph of a patient with unilateral 
meniscectomy. Black line represents normal; dark grey represents 
sound side; light grey represents meniscectomy side. Positive values are 
for adduction
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significant decrease in the amount of knee flexion during 
mid-stance. At this time there were no other significant 
changes in the motion and muscle activations.

McNicholas et al. [22] have carried out a prospective, lon-
gitudinal 30-year review of 95 adolescents who underwent 
total meniscectomy in one knee, and have compared the 
results with those observed 13 years earlier. In the 53 patients 
consenting to bilateral radiography of the knee, they reported 
a significant increase in the incidence of narrowing of the 
articular cartilage in the operated knee.

McNicholas et al. [21] performed three-dimensional gait 
analysis and bilateral radiological assessments of 21 individ-
uals who had undergone unilateral total meniscectomy. Their 
findings support the correlation between varus/valgus align-
ment and tibiofemoral OA (TFOA). However, the dynamic 
gait parameter of the adduction moment in early stance did 
not correlate with either hip-knee-ankle angle or TFOA. 
Unlike Davies-Tuck et al., they did not find a relation between 
average foot progression angle and knee adduction moment.

Magyar et al. [17] investigated the change in gait parame-
ters of 24 patients who had undergone medial meniscectomy 
18 months before the gait analysis at a constant gait speed of 
3.5 km/h. They reported that medial meniscectomy resulted in 
a change of limb dominance; reduced knee joint motion, com-
pensated by the increased motion of other joints in the kine-
matic chain-hip joint of the opposite side, pelvic obliquity and 
a symmetrical gait with no significant differences compared 
to spatial–temporal parameters of healthy groups. They con-
cluded that the medial meniscectomy could result in adductor-
free gait and reduce the rotation motion of the pelvis.

In a prospective, controlled study by Bulgheroni et al. [5], 
kinematic and kinetic data on sagittal plane of 10 pre- and 
post-meniscectomy knees were evaluated by QGA before 
and at 6 and 12 months after the surgery. Before surgery, the 
joint kinematics were not greatly altered and changes were 
mainly due to pain. After partial meniscectomy, the pain dis-
appeared and new joint responses were observed. These 
could be caused by the altered mechanics and/or through 
proprioceptive mechanisms. At 1 year after surgery, gait 
alterations were apparent and were mainly confined to the 
knee joint. Prior to surgery, the modifications seen could be 
due to pain avoidance. After surgery, the modified behaviour 
of the limb could be due to an altered mechanical equilib-
rium or modified proprioceptive afferent signals. Even 
though joint kinematics did not show significant alterations 
between pre-operative and 6 month post-operative evalua-
tions, 12 months after surgery flexion increased at the hip, 
knee and ankle joint in late swing and early stance phase. 
Hip and knee flexion–extension moments were affected with 
knee moment altered both before and after surgery. Before 
surgery and at 6 months after, the changes occurred mainly at 
the point of push off, while at 12 months they occurred dur-
ing the swing phase. Hip flexion–extension moment had also 

changed 12 months after surgery. In terms of gait symmetry 
prior to surgery, there were differences between the flexion–
extension moments of the healthy and of the injured knee at 
first impact and during late stance. After surgery, asymme-
tries were not more apparent at first impact, but in late stance 
phase a reduced knee extension moment in the injured limb 
was still present.

Ocguder et al. [25] investigated spatio–temporal data, 
joint kinematics and joint kinetics during gait in a group of 
subjects (18 men, average age 34.3 ± 9.8 years) who had 
undergone arthroscopic unilateral meniscectomy at an aver-
age of 2 years before and compared the results to those of 
healthy controls. All patients had bucket-handle tear in the 
posterior medial part of the meniscus without ligament injury 
and without concomitant chondral lesions. Mean ± SD 
Lysholm score was 89.7 ± 5.0 (79–95) 2 years after the sur-
gery. Time–distance parameters and quantitative kinematics 
and kinetics of pelvis, hips, knees and ankles of the affected 
and unaffected sides were comparable with the normal sub-
jects. They concluded that patients with arthroscopic unilat-
eral meniscectomy have a symmetric and close to normal 
gait pattern 2 years after surgery. This result can be explained 
by successful compensatory mechanisms in the kinematic 
chain of the joints in the course of healing after the surgery.
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Biomechanical Variation of Double-Bundle 
Anterior Cruciate Ligament Reconstruction

Savio L.-Y. Woo, Ho-Joong Jung, and Matthew B. Fisher 

Introduction

Surgical reconstruction with replacement grafts after ante-
rior cruciate ligament (ACL) injury continues to be an area 
of considerable debate. A large number of techniques have 
been reported with success rates ranging from 83% to 95% at 
short-term follow-up [10, 12, 36]. However, in the long term, 
a number of studies have found that 20–25% of patients 
experience less than satisfactory results, with the presence of 
osteoarthritis in a significant number [2, 5, 7, 8, 11, 22]. 
These findings have led many to carefully examine and 
appreciate the complex anatomy of the ACL, including rec-
ognition of its two functional bundles: the anteromedial 
(AM) and the posterolateral (PL) bundles [16, 19, 32]. These 
two bundles work in concert and allow the ACL to resist 
excessive joint loads throughout the range of knee flexion.

Since the early 1980s, Mueller, Peterson, and Mott pio-
neered surgical techniques by reconstructing both of the 
bundles of the ACL [31, 32]. In the 1990s, this approach was 
adopted and refined by Muneta and other surgeons in Japan 
[20, 33, 35, 45]. Later on, its popularity increased in the USA 
as well as other countries. To date, despite the theoretical 
advantages of double-bundle procedures, substantial improve-
ments over single-bundle procedures in terms of knee stabil-
ity or patient outcomes have yet to be demonstrated [3, 21, 
28, 34, 35, 42, 46]. One potential reason is the complexity of 
double-bundle reconstruction as the number of surgical vari-
ables is significantly increased, and all can impact the out-
come of these new procedures.

In this chapter, we wish to provide the readers a brief 
review of some of the published studies, especially with 
our focus on the biomechanical variation of double-bundle 
ACL reconstruction. We will show how biomechanics can 
be involved in the evaluation of double-bundle ACL recon-
struction procedures. Specifically, by introducing our novel 
robotic/universal force-moment sensor (UFS) testing system, 
we can quantitatively assess the contribution of the ACL and 
ACL reconstruction grafts to overall stability of cadaver knees. 
Additionally, with this testing system, the importance of key 
surgical variables, such as tunnel placement and graft fixa-
tion, can be addressed. Finally, we will suggest the future 
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roles biomechanics will play in gaining in vivo data and how 
to use them to further improve the results of double-bundle 
ACL reconstruction.

Biomechanical Studies Using Human 
Cadavers of Single-Bundle Versus  
Double-Bundle ACL Reconstruction

The Robotic/UFS Testing System

The need to know the function of various soft tissues in and 
around diarthrodial joints has led to the design and devel-
opment of a large number of biomechanical testing devices. 
However, to study multiple-degree-of-freedom joint kinemat-
ics as well as the in situ forces in these tissues and their con-
tribution to joint stability, our research center has chosen to 
develop a unique robotic/UFS testing system in 1993 (Fig. 1) 
[14, 15, 25, 26, 37]. The robotic manipulator provides six 
degrees-of-freedom motion and is capable of recording and 
reproducing positions in the three-dimensional space with 
an accuracy of <0.2 mm and 0.2°. In combination with a 
UFS which could measure three forces and three moments 
about and along a Cartesian coordinate system fixed with 
respect to the sensor, the testing system can operate in both 

 force-control and position-control modes to allow for infor-
mation on knee kinematics as well as the forces carried by 
the ACL to be collected. In force-control mode, the robot 
applies an external load to the specimen and the correspond-
ing kinematics can be obtained. Alternatively, the robotic/
universal force-moment sensor testing system can operate 
under position-control mode by moving the specimen exactly 
along a previously recorded motion path so that the UFS can 
record a new set of force and moment data. As such, the in 
situ force in a specific tissue can be calculated in a noncon-
tact manner by determining the changes in measured forces 
for a given set of kinematics before and after removing that 
tissue (e.g., cutting the ACL), on the basis of the principle of 
superposition [4, 37, 41].

This testing system offers distinct advantages. First, a ref-
erence position for a joint can be established and used as a 
common starting position for all experimental conditions. 
This allows direct one-to-one comparisons of multiple exper-
imental conditions in the same cadaver knee specimen (e.g., 
the knee in which the ACL is intact compared with the same 
knee following ACL reconstruction). Furthermore, this reduces 
the effect of interspecimen variation and greatly increases the 
statistical power of the data. To date, we have used this novel 
apparatus to test over 700 knee specimens and have reported 
the results in nearly 60 manuscripts on the knee alone. Over 
the years, more than a dozen other laboratories have also 
adopted this testing system [13, 17].

6-DOF robotic
    manipulator

Femur and
  Femoral Clamp

Tibia and
  Tibial Clamp

UFS

PD

IE
FE

VV

ML

AP

Fig. 1 Schematic drawing illustrating the robotic/universal force-
moment sensor (UFS) testing system and the six degrees of freedom 
(DOF) of motion of the human knee joint (anterior-posterior (AP), 

medial-lateral (ML), and proximal-distal (PD) translations; flexion-
extension (FE), internal-external (IE), and varus-valgus (VV) rotations) 
(With permission from [4])
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Early studies done using the robotic/UFS testing system 
were performed to gain an understanding of the function of 
the AM and PL bundle. It was found that under an applied 
anterior tibial load, the in situ force in the PL bundle was 
larger than that in the AM bundle when the knee was near 
full extension. With knee flexion, their contribution changes 
as the AM and PL bundles almost evenly shared the load at 
15° of flexion (Fig. 2) [16, 38]. With further flexion, the AM 
bundle would carry the majority of the load. Thus, we learned 
that the PL bundle functions more near full knee extension 
while the AM bundle plays a greater role in flexion.

We have also examined the role of the AM and PL bun-
dles when the knee is subjected to a combined rotatory load 
of valgus and internal tibial torques [16]. In this case, the 
AM and PL bundles almost evenly shared the load at 15° of 
knee flexion. Even though PL bundle is the smaller of the 
two, it plays a significant role in controlling rotatory knee 
stability, especially with the knee near extension, because of 
the more lateral position of its femoral insertion site.

Femoral Tunnel Placement for Double-Bundle 
ACL Reconstruction

In a preliminary study, we compared how well a single- 
bundle bone-patellar tendon-bone (BPTB) autograft could 
restore knee stability when it was placed at the PL or AM 
insertion site of the femoral condyle [27]. When the recon-
structed knee was subjected to an anterior tibial load, both 
reconstruction procedures were able to restore anterior tibial 
translation similar to that of the intact knee. The only excep-
tion was that at knee flexion angles over 90°, the graft place-
ment at the insertion site of the PL bundle could not restore 
the anterior tibial translation. Under combined rotatory load-
ing, however, graft placement at the insertion site of the PL 
bundle could better restore the coupled anterior tibial transla-
tion and in situ force in the ACL graft to the levels of the 

intact knee at 15° and 30° of knee flexion, compared to graft 
placement at the insertion site of the AM bundle. Thus, even 
though the ACL grafts placed at either the femoral insertion 
site of the AM or PL bundles could effectively resist an ante-
rior tibial load, graft placement at the insertion site of the PL 
bundle was more effective in resisting rotatory loads, partic-
ularly when the knee was near extension.

To improve the issue of rotatory instability following ACL 
reconstruction, we studied the potential of a double-bundle 
ACL reconstruction. In a study where a double-bundle ACL 
reconstruction was compared with a single-bundle ACL 
reconstruction placed at the femoral insertion site of the 
AM bundle, we have found that both reconstructions could 
restore knee kinematics and in situ force of the ACL under 
anterior tibial loading [43]. Under combined rotatory load-
ing, the anatomic double-bundle reconstruction could better 
restore knee stability compared to the single-bundle ACL 
reconstruction placed at the femoral insertion site of the AM 
bundle. For example, under combined rotatory loads at 30° of 
flexion, the in situ force normalized to the normal ACL was 
91% ± 35% and 66% ± 40%, respectively. Thus, the anatomic 
double-bundle reconstruction was found to be superior to the 
single-bundle reconstruction at the femoral insertion site of 
the AM bundle.

A similar study was also done to compare an anatomic 
 double-bundle reconstruction to a more laterally placed single-
bundle reconstruction at the femoral insertion site of the PL 
bundle [44]. In this case, in response to anterior tibial and com-
bined rotatory loads, both reconstructions were able to restore 
anterior tibial translation and in situ force in the ACL graft 
near those of the intact knee at flexion angles near knee exten-
sion. For example, under the combined rotatory loads at 15° of 
flexion, the coupled anterior tibial translation was 4.8 ± 2.4 mm 
versus 4.8 ± 3.0 mm for the anatomic double-bundle and graft 
placement at the insertion site of the PL bundle, respectively 
(Fig. 3). To reproduce the complex function of the ACL 
throughout the range of knee flexion, reproducing both bundles 
of the ACL may have biomechanical advantages. On the other 
hand, a more laterally placed reconstruction, such as graft 
placement at the insertion site of the PL bundle, may also work 
quite well, especially with the knee near extension where the 
ACL is most needed.

Graft Fixation in Double-Bundle  
ACL Reconstruction

As double-bundle ACL reconstruction procedures involve 
the use of two separate grafts, an elevated or imbalanced 
force distribution between the grafts placed at the AM and 
PL bundle insertion sites could predispose one or both to a 
higher risk of failure. In particular, the graft placed at the PL 
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bundle insertion site may have an especially high risk of fail-
ure because it is smaller in size as well as shorter in length 
than the AM graft. Thus, it could experience excessively 
higher loading near full knee extension [9, 35, 45].

In the literature, authors have advocated fixation of both 
grafts at wide variety of angles of knee flexion, ranging 
between 10° and 90° [1, 33, 35, 45]. In the light of these incon-
sistencies, our research center has performed biomechanical 
studies in order to recommend a suitable range of angles of 
knee flexion for graft fixation that would be safe, that is, to 
avoid overloading.

In our first study, two graft fixation protocols for double-
bundle ACL reconstruction were compared [30]. In the first 
protocol, the grafts placed at the femoral insertion sites of the 
AM and PL bundles were both fixed at 30° of flexion, while 
in the second protocol the grafts placed at the femoral inser-
tion sites of the AM and PL bundle were fixed at 60° and full 
extension, respectively. It was found that the AM graft was 
not overloaded when the AM and PL grafts were both fixed 
at 30° of flexion (Fig. 4). However, the PL graft was over-
loaded by an average of 34% above the intact PL bundle 
under an applied 134 N anterior tibial load, and 67% under a 
combined rotatory load of 10 Nm of valgus torque and 5 Nm 
of internal tibial torque. On the other hand, the PL graft was 
not overloaded when the AM and PL grafts were fixed at 60° 
and full extension, respectively, but the graft at the AM inser-
tion site was overloaded by an average of 46% compared 
with the intact AM bundle under a 134 N anterior tibial load 
(Fig. 4). As a result, it is suggested that the graft at the AM 
insertion site should be fixed at a knee flexion angle of less 
than 60°, while the graft at the PL insertion site should be 
fixed closer to extension.

A follow-up study was done to further narrow the range 
of appropriate flexion angles for graft fixation [40]. In this 

study, the graft at the insertion site of the PL bundle was 
fixed at 15°, while fixation of the graft at the insertion site 
of the AM bundle was fixed at 45° or 15° of flexion. Both 
groups could restore the knee kinematics to within 2 mm of 
the intact knee and in situ force of overall grafts similar to 
the intact ACL. However, under the anterior tibial load, the 
in situ forces for the graft at the insertion site of the AM 
bundle when both grafts were fixed at 15° were significantly 
different (79.3% and 77.9% of the intact AM bundle) at 30° 
and 45° of knee flexion. In conclusion, knee flexion angles 
between 15° and 45° for graft fixation were found to be safe 
for the graft at the insertion site of the AM bundle, while 
15° of knee flexion was safe for the graft at the insertion site 
of the PL bundle. Studies from other research centers have 
found similar results [24].
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Clinical Outcome Studies

A growing number of clinical studies have compared the 
outcome of single-bundle versus double-bundle ACL recon-
struction [1, 3, 6, 21, 23, 29, 34, 35, 39, 42, 46]. Several pro-
spective clinical trials have reported that the double-bundle 
procedures were significantly better than the single-bundle 
procedures in terms of knee stability when the pivot-shift 
test or Lachman tests were used at the end of the surgery 
[3, 21, 42, 46]. Nevertheless, not all of the investigations 
shared the results of a significant difference in postopera-
tive knee stability [1, 6, 35, 39]. At short-term follow-up 
(2–3 years postoperatively), those studies showed subjective 
and functional test scores, for example, Lysholm score and 
International Knee Documentation Committee evaluation, 
between the two procedures were similar. Unfortunately, 
long-term clinical data are not yet available. It should be 
noted that there are challenges when evaluating clinical out-
come data between studies as the pivot-shift test is subjec-
tive and there are a large number of surgical variables that 
need to be controlled. Nevertheless, better clinical outcomes 
with double-bundle ACL reconstruction procedures are yet 
to be demonstrated [28].

A Word of Caution in Interpretation of Data

There exist several factors which should be considered when 
interpreting the data between different studies. One factor is 
the method of describing the graft tunnel position. Many sur-
geons and researchers have used the “o’clock position 
method” to describe femoral tunnel position in the frontal 
plane. However, that method fails to appreciate the three-
dimensional orientation of the femoral ACL insertion site 
within the notch, which changes with the angle of knee flex-
ion. As many terms have been used to describe the femoral 
tunnel positions, a comparison of results between studies can 
be difficult. For the tibial tunnel position, there are similar 
problems, as many studies have not described tibial tunnel in 
sufficient detail to identify any differences between studies. 
Although the tibial tunnel is thought to have relatively minor 
effects on knee rotatory stability as compared to the femoral 
tunnel, it should still be better described. In an effort to avoid 
these problems, more information pertaining to surgical 
techniques and arthroscopic pictures, with the angle of knee 
flexion noted, should be utilized, and three-dimensional CT 
images could be incorporated when available. In conclusion, 
there is a need for better descriptions of tunnel placement to 
avoid confusion in interpreting data between studies.

A second factor is the different protocols for graft fixa-
tion. Due to the many variables involved, for example, knee 
flexion angle, pretension, and sequence of fixation, there are 

many different protocols used. Therefore, since these factors 
might affect the final result, attention should be paid to the 
protocol used in each study. Finally, testing systems as well 
as experimental procedures for evaluation should allow mul-
tiple degrees of knee motion, since this has been shown to 
largely affect the relative contribution of the ACL to knee 
function. Thus, appropriate experimental tools to obtain bio-
mechanical data must be carefully considered.

Future Directions: Advancing from In Vitro  
to In Vivo Studies

In this chapter, many in vitro biomechanical studies that con-
tributed to the understanding of the function of the ACL and 
its bundles as well as double-bundle ACL reconstruction 
procedures have been presented in detail. Indeed, significant 
contributions have been made in advancing the issues on the 
effects of tunnel placement, proper knee flexion angles for 
graft fixation, graft selection, initial graft tension, and graft 
tunnel motion, among others. These studies have also pre-
pared us to move into in vivo studies. In the future, kinemat-
ics during activities of daily living will need to be measured 
and reproduced on cadaver knees, utilizing the robotic/UFS 
testing system in order to determine in situ forces in the ACL 
during these in vivo activities (Fig. 5). With the advent of a 
biplanar fluoroscopy system, it has become possible to mea-
sure in vivo knee kinematics with an accuracy of <0.2 mm 
and 0.3° for knee motions [18].

Meanwhile, a new high-payload robotic/UFS testing sys-
tem design has been made available to accommodate the 
level of loads during these in vivo activities. Using cadaver 
knees and the in vivo data on knee motion, the in situ forces 
in the ACL and ACL replacement grafts can be determined. 
Moreover, in vivo kinematics can be integrated into three-
dimensional finite element models of the knee, which incor-
porate the complex anatomy and geometry of the ACL, that 
is, including the AM and PL bundles, variable cross-sectional 
area along the ACL, and so on. Once the model is validated 
with experimental data, it can be used to compute stress and 
strain distributions in the ACL and ACL replacement grafts 
during complex in vivo motions that could not be done in 
laboratory experiments.

With such a combined experimental and computational 
approach, it will be possible to develop a database of the in 
situ forces, stresses, and strains in ligaments for patients of 
different age, sex, and size and to identify mechanisms of 
ACL and other ligament injuries, to improve reconstruction 
procedures, and to optimize rehabilitation protocols. We 
believe that such a biomechanics-based approach will pro-
vide clinicians and surgeons with valuable scientific infor-
mation as well as enable them to devise better methods for 
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ACL reconstruction in order to restore normal structure and 
function of the knee. In the end, the new information should 
provide patients with better long-term patient outcome.
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Ground Force 360 Device Efficacy:  
Perception of Healthy Subjects

John Nyland and Ryan Krupp 

Introduction

Given the high incidence of injury to the anterior cruciate 
ligament, medial collateral ligament, menisci, and patell-
ofemoral joint during athletic activity participation, greater 
focus needs to be placed on improving knee injury preven-
tion training programs. Traditional open kinetic chain knee 
extension-flexion exercises are ideal for training or measur-
ing isolated sagittal plane quadriceps femoris and hamstring 
muscle group strength, power, and endurance. However, neu-
romuscular training that isolates activation of either of these 
muscle groups may compromise the natural co-activation 
needed to provide three-dimensional dynamic knee stability 
during athletic movements. Functional closed kinetic chain 
lower extremity therapeutic exercise movements while pro-
viding rehabilitation clinicians with a creative “palette” from 
which to design tasks that simulate athletic performance, 
may not provide a safe method to progressively increase 
resistance in a manner that adheres to the specific adaptations 
to imposed demands (SAID) principle of neuromuscular 
training [2, 3, 8, 14]. For these reasons, rehabilitation clini-
cians should blend both exercise modes into treatment plans 
designed for knee injury prevention or in therapeutic exercise 
strategies following knee injury or surgery.

Most current therapeutic exercise interventions for knee 
injury prevention purposes focus either on primarily unipla-
nar (sagittal plane) movements, or low load multi-planar 
functional exercise movements [20, 25]. The first group 
while optimizing the volume of neuromuscular recruitment 
does not optimally relate to the (SAID) principle as it applies 
to intensity, movement path, velocity, neuromuscular activa-
tion mode, etc. The second group enables greater freedom of 
movement during exercise performance; however, the exer-
cise intensity, movement paths and velocities, joint loads, 
and neuromuscular challenges are difficult to control partic-
ularly during early knee injury prevention training or reha-
bilitation. Additionally, many conventional exercise modes 
do not adequately integrate lumbopelvic, hip, and core region 
neuromuscular function with lower extremity function, 
which is deemed vital to knee injury or reinjury prevention 
[29, 30]. For these reasons rehabilitation clinicians are 
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continually seeking exercise modes that better translate into 
specific functional capabilities such as improved dynamic 
knee stability during jump landings.

Noncontact athletic knee injuries are often associated 
with single lower extremity jump landings which create 
three-dimensional loading responses from a variable combi-
nation of anterior pelvic tilt, contralateral pelvic drop, and 
associated trunk movements, femoral internal rotation, knee 
valgus, tibial internal rotation, ankle dorsiflexion, and foot 
pronation. This is particularly a concern among athletic 
females where effective coordination of these thigh-leg 
transverse and frontal plane rotational couples appear to be 
more constrained and have less variable presentations [21], 
while hip and knee flexion angles tend to be reduced and 
coxa varus-genu valgus is increased [1]. From this knowl-
edge the medical and rehabilitation communities have devel-
oped a better appreciation for the multiple linkages that are 
essential to facilitate dynamic knee stability during many 
athletic movements. Of particular concern is the capacity for 
controlling and dampening the three-dimensional lower 
extremity loading forces that occur following initial ground 
contact during single lower extremity jump landings. This 
neuromuscular control and dampening is largely provided by 
efficient, coordinated eccentric neuromuscular activation of 
core, lumbopelvic, hip, knee, and ankle region muscles and 
muscle groups. Powers et al. [22] have shown that patell-
ofemoral joint alignment and stability during lower extrem-
ity weight bearing function is largely determined by changes 
in femoral trochlea position via long axis transverse plane 
femoral internal rotation. Neuromuscular control of this 
movement is largely provided by the pelvic deltoid muscles 
(gluteus maximus, gluteus medius, and tensor fascia lata). 
Lindstedt et al. [17], LaStayo et al. [15, 16] and Gerber et al. 
[10–12] have demonstrated how progressive eccentric knee 
and hip extensor loads applied by a motorized recumbent 
cycle ergometer type device can improve eccentric lower 
extremity strength in a manner that improves both gluteus 
maximus and quadriceps femoris neuromuscular function, 
increases lean muscle mass, and decreases fall risk. Their 
device, however, while providing sagittal plane loads to 
maximize the volume of neuromuscular recruitment, does 
not replicate the three-dimensional loads that occur during 
single lower extremity jump landings.

Establishing or improving three-dimensional single lower 
extremity dynamic stability during torsional loads is essential 
to knee joint health [14]. Adaptive responses in all connective 
tissues to progressive loading are largely based on the charac-
teristics of the applied loads (magnitude, direction, velocity, 
duration, etc.). The Ground Force 360 Device was designed 
to provide a weightbearing method for applying progressive 
three-dimensional (primarily frontal-transverse plane) loads 
in a low impact, functionally relevant manner. This comput-
erized device uses compressed air to provide progressive 

resistance within user-selected range of motion arcs. A touch 
screen enables the selection of either one-way concentric, 
two-way concentric, or concentric-eccentric training modes 
(Center of Rotational Exercise, Inc., Clearwater, FL, USA, 
www.rotationalexercise.com). This study evaluated the per-
ceptions of subjects who performed standard, harness-based 
training in the Ground Force 360 Device. While stand-
ing in the resistance harness the Ground Force 360 Device 
can provide progressive two-way concentric (Fig. 1) or  
concentric-eccentric resistance as the subject performs whole 
body long axis rotation. A touch screen enables quick exer-
cise mode, range of motion, and resistance level adjustments  
(Fig. 2).

Study Purpose

The prospective study evaluated the perception of 18 (9 men, 
9 women) healthy, athletically active subjects following  
9 Ground Force 360 Device training sessions over an approx-
imately 4 week study period.

Fig. 1 Two-way rotation in the Ground Force 360 Device
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Study Methods

Institutional review board approval was sought and obtained. 
Subjects provided informed consent. Subjects were 
22.3 ± 2.3 years of age, 173.7 ± 10 cm height, and 70.0 ± 9.4 kg 
bodyweight. Subjects continued to participate in their regu-
lar athletic activities while not increasing existing training 
volume. Over an approximately 4 week period subjects per-
formed two or three training sessions per week on the Ground 
Force 360 Device for seven total sets during each approxi-
mately 20 min duration session. Exercise sessions always 
began with a 10 min warm-up on a stationary bicycle at a 
self-selected comfortable pace and self-selected stretching 
activity for 10 min. The following progression was followed 
on the Ground Force 360 Device for sessions 1–5: Set 1. 
Light, bilateral concentric resistance, standard foot place-
ment (20 repetitions) (standard foot placement = athletic 
ready position stance with feet at or slightly greater than 
shoulder-width apart), Set 2. Moderate, bilateral concentric 
resistance, standard foot placement (10 repetitions), Set 3. 
Moderate to heavy, concentric-eccentric resistance, standard 
foot placement (10 repetitions), Set 4. Moderate to heavy, 
concentric-eccentric resistance, standard foot placement  
(10 repetitions), Set 5. Moderate, concentric-eccentric resis-
tance with diagonal (stride) foot placement (10 repetitions) 
(stride foot placement = stride position with left foot forward 
for concentric left rotation and with right foot forward for 
concentric right rotation approximately shoulder-width 
apart), Set 6. Moderate, concentric-eccentric resistance with 
diagonal (stride) foot placement (10 repetitions), Set 7. 
Moderate to light, bilateral concentric resistance with stan-
dard foot placement (20 repetitions). For sessions 6–9, Set 6. 

was changed to moderate, one-way concentric resistance, 
and the repetition goal for each set (1–7) was changed to 15, 
8, 8, 8, 8, 8, and 15 repetitions, respectively. To achieve 
desired perceived intensity levels resistance magnitudes were 
established using a Borg Perceived Exertion Scale [4]. 
Resistance (Figs. 3 and 4) and whole body long axis (trans-
verse plane) rotational range of motion (Fig. 5) was progres-
sively increased as tolerated. Peak device resistance is 120 
lb/in. (8.44 kg/cm2).

Following training program participation subjects com-
pleted the following survey:

1. Having trained on the exercise device what would be the 
likelihood that you would use it if it was available to you 
at your gym or health club? (Select the number that best 
represents your opinion)

Not  
likely

Not 
sure

Very  
likely

0 1 2 3 4 5 6 7 8 9 10

2. How useful do you believe that training on this exercise 
device would be to prepare someone to participate in 
sports such as football, basketball, tennis, or soccer? 
(Select the number that best represents your opinion)

Not  
useful

Not  
sure

Very 
useful

0 1 2 3 4 5 6 7 8 9 10

3. What feature did you find most appealing about the exer-
cise device?

4. What feature did you find least appealing about the exer-
cise device?

Fig. 2 Two-way rotation using Ground Force 360 Device accessory 
handles
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5. What group of individuals do you believe would benefit 
most or least by including use of this exercise device in 
their training program?

Results

In response to question #1 these healthy subjects rated their 
likelihood of using the device if it was available to them at 
a gym (mean ± standard deviation) 7.1 ± 2.1 (range = 3–10). 

This suggests that they were somewhat likely to use it. 
Regarding subject perceptions about the device being a 
useful method of training for sports such as football, bas-
ketball, tennis, or soccer, subject ratings were 8.2 ± 1.2 
(range = 5–10). This suggests that subjects believed that it 
would be useful for athletes in those sports. Subject per-
ceptions of the most appealing device features included its 
ability to train “the hips,” to improve directional change 
movement quickness, the eccentric resistance mode, its 
ease in setting exercise range of motion and resistance lev-
els using the touch screen, its ability to provide a total body 
workout in a relatively brief time period, the overall free-
dom of movement provided during exercise, and the need 
to stay mentally focused on each exercise repetition when 
using it.

Subject perceptions of the least appealing device fea-
tures were the need to stay mentally focused on appropriate 
technique to minimize injury risk, slight discomfort regard-
ing harness fit, and a longer learning curve than conven-
tional exercise devices to become proficient in safe usage. 
Subject’s perception of the athletic group that might benefit 
most by using the device included any athlete whose sport 
required controlled quick or explosive pivot directional 
changes, athletes who must use their hips for movement or 
stability, who must rely on their abdominal, low back, or 
core muscles such as martial arts competitors, gymnasts, 
wrestlers, volleyball, baseball, golf, boxing, or throwing 
sports athletes. Interestingly, several respondents also sug-
gested that elderly individuals would also benefit through 
improved standing balance with device use at lower resis-
tance and range of motion settings. Subject perceptions of 
individuals who would benefit the least only mentioned 
inactive elderly patients.

Discussion

While local (“knee-centric”), and regional (composite 
lower extremity) exercise training modes are essential to 
knee injury or re-injury prevention. However, athletic activ-
ities often demand sudden directional change movements. 
By improving coordination between the feet and core 
region, through the lower extremities, global (whole body) 
training may better prepare an athlete for the dynamic knee 
stability demands that occur during these movements. This 
is particularly important during single lower extremity 
jump landings that challenge frontal plane knee alignment 
with simultaneous upper extremity movements [6, 7] or 
when secondary capsuloligamentous knee stabilizers are 
compromised, such as following medial collateral ligament 
injury [18, 23, 24].
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Of the 18 subjects who participated in this study, 9 were 
involved with competitive sports including soccer, volley-
ball, basketball, tennis, and swimming. The other nine sub-
jects listed their primary sports/exercise activities as 
recreational running/jogging or weight training. Separate 
analysis of the competitive sports group revealed slightly 
greater values for perceived device use (7.9 ± 1.1) and for 
perceived usefulness for football, basketball, tennis, or soc-
cer (8.4 ± 0.7). Overall subject perceptions of appealing 
device features, such as the ability to “train the hips,” coin-
cides with preliminary biomechanical test quantitative find-
ings regarding the efficacy of the device to improve dynamic 
knee stability during single leg jump landings [19].

Interestingly, the need to remain focused while using the 
device was perceived to be a positive attribute by some sub-
jects and a negative attribute by others. Independent analysis 
by sports activity group found that the competitive sports group 
perceived this to be a positive device attribute, while individu-
als whose athletic pursuits centered around recreational run-
ning, jogging, or weight training perceived this to be a negative 
device attribute. Several subjects commented that the “learn-
ing curve” to establish appropriate technique was longer using 
this device than while using conventional strength training 
modes. Our experience would confirm this, as it is essential for 
subjects who train on the device to understand appropriate 
movement patterns at low resistance settings prior to progress-
ing to higher resistance and range of motion levels.

Cognitive linkage during functionally relevant movements 
may improve exercise program effects including enhanced self-
efficacy to a greater extent than training simply to achieve rote 
strength, power, or endurance training goals [5, 9, 13, 27, 28]. 
Therefore, the perceived cognitive requirements needed to self-
monitor Ground Force 360 Device use to insure safe and effec-
tive movements with the desired activation balance between 
core and lower extremity musculature might be a desirable 
entity. As with sports performance, where anterior cruciate 
ligament injury is often associated with an athlete performing a 
single lower extremity landing with minimal hip or knee flex-
ion, with increased coxa varus-genu valgus [1], or with limited 
hamstring muscle group co-activation during quadriceps femo-
ris activation [26], if the user assumes an upright stance posi-
tion without appropriate hip and knee flexion against higher 
resistance levels or if they assume an upright stance while sim-
ply bending over at the waist during device operation, their 
chance of sustaining a low back or knee injury increases.

From both an evaluative and injury prevention training 
 perspective, the Ground Force 360 Device appears to provide 
a useful environment for the rehabilitation clinician and client 
to interact as the client progresses through differing range of 
motion, resistance modes, and magnitudes during functionally 
relevant movements in agreement with the SAID principle of 

therapeutic exercise. The most common negative perception 
was occasional discomfort with device harness fit. Recent 
manufacturer modifications in harness design however have 
largely eliminated this concern. Most subjects also perceived 
the device to be useful for training controlled, quick or “explo-
sive” pivot directional change movements. Since noncontact 
knee injuries in numerous sports are associated with these 
types of movements, a resistance training device that can 
effectively simulate these motions should prove to be a useful 
adjunct to traditional injury prevention training programs. The 
Ground Force 360 Device may provide a translational method 
of knee injury prevention training that helps bridge the gap 
between conventional strength-power training, functional con-
ditioning activities, and actual sport performance.
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ACL Reconstruction: Timing

Carlos Esteve De Miguel 

When treating an anterior cruciate ligament (ACL) lesion, 
one must consider various circumstances:

Is it an acute or a chronic lesion?
Is it a competitive or a recreational athlete?
Is it an adolescent patient with open physis?
Are there associated meniscal, chondral, or ligamentous 
injuries?
Should the treatment be surgical or nonsurgical?
In an acute lesion, when is the best time for reconstructing 
the ACL?

We will try to deal with all these variables.

Acute Injury

The athlete’s presentation following injury includes report-
ing of a contact or noncontact acceleration or deceleration 
twisting injury to the knee, a “pop”, and the sensation of the 
joint “coming apart.”

Clinical Findings

A rupture of the ACL causes a pathological anterior transla-
tion and an increased internal rotation of the tibia. Subjective 
symptoms are instability and a decreased activity level. 
Clinically, we can find a hemarthrosis, loss of extension, and 
a positive Lachman or Pivot shift test. A magnetic resonance 
image may be used as an adjunct in the diagnosis. The patho-
logical motion pattern of the knee results in a high incidence 
of secondary joint injuries, such as meniscal injuries (50%), 
chondral damage (30%), and collateral ligament injuries 
(30%). The natural history is mainly dependent on the activ-
ity level of the subject.
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Conservative versus Operative  
Treatment

The management goal of the ACL-injured patient is to pre-
vent recurrent knee injury while allowing the patient to return 
to his or her desired work and level of sports participation. 
Some patients are able to cope with an ACL-disrupted knee 
without sustaining secondary injuries. Some cope without 
modifying their lifestyle, others modify their athletic partici-
pation, and others discontinue athletic participation.

Indications for ACL Surgery

The aim of the ACL reconstruction surgery is to prevent 
instability and restore the function of the torn ligament, cre-
ating a stable knee. Indications depend on various factors:

Patient Age

An absolute age is not used as a criterion for determining 
whether a patient is a candidate for surgical treatment or not. 
We rather take into consideration the functional instability, 
activity level, associated meniscal or ligamentous injury, 
and patient expectations.

Functional Instability

A patient with a torn ACL and significant functional instabil-
ity in work or sports activities with recurrent giving-way epi-
sodes has a high risk of developing secondary knee damage 
and should therefore consider ACL reconstruction.

Activity Level

Activity level [5] plays an extremely important role when 
considering surgery. Sports activity levels can be classified 
as category I: jumping, pivoting, cutting (basketball, foot-
ball, and soccer); category II: lateral motion but less jumping 
or cutting (baseball, racquet sports, and skiing); and category III: 
sports with more linear activities (jogging and low-impact 
sports such as swimming). Patients who participate in foot-
ball, basketball, volleyball, skiing, soccer, and rugby are 
clear-cut candidates for reconstructive surgery. In general, 
the more intense the athletic competition, the more likely the 
recommendation for ACL reconstruction.

In a competitive athlete, an ACL rupture can be a devas-
tating injury. The anterior cruciate ligament is essential for 
knee stability in most athletic endeavors, specifically those 
that require cutting, pivoting, and jumping. The competitive 
elite athlete who sustains an ACL rupture has few options for 
treatment. If they wish to continue to compete at the prein-
jury level, then the only viable option is to undergo an ACL 
reconstruction. Otherwise, the athlete with an ACL deficient 
knee is at substantial risk of sustaining subsequent degenera-
tive changes in the knee at a young age.

Active adult patients involved in recreational sports that 
require pivoting, turning, or hard-cutting as well as heavy 
manual work particularly on uneven surfaces are encouraged 
to consider surgical treatment.

Associated Meniscal Injury

The primary risk associated with instability episodes is 
meniscus tear. There are increased forces on the medial 
meniscus in the ACL-insufficient knee and an increased risk 
of medial meniscus tears, commonly vertical longitudinal 
tears. This tear pattern may be repairable. One of the primary 
reasons for ACL reconstruction is probably meniscus preser-
vation [2, 4].

Associated Ligamentous Injury

Associated ligamentous injury may be a factor in indications 
for surgery as well as in the timing of surgery. ACL injury 
may occur concurrently with medial collateral ligament 
involvement, which can seriously compromise joint stability [1]. 
The injuries can be difficult to treat [13]. In general:

When a patient has a grade I MCL injury, a microscopic 
tearing of the ligament without laxity with concomitant 
ACL disruption, it can be treated as an isolated ACL and 
the ACL reconstructed as soon as full range of motion is 
achieved
In grade II MCL injuries, there is a partial tear of the liga-
ment. I treat the patient in a hinged knee brace for 
3–6 weeks to achieve full range of motion, and recon-
struct the ACL when motion is restored and valgus stabil-
ity established
A grade III MCL injury implies a complete rupture of the 
superficial and deep ligament, resulting in incompetence 
of the medial knee structures. We recommend immediate 
fixation of the MCL with concomitant reconstruction of 
the ACL [12]

On the other side of the knee, the posterolateral corner may 
be injured with the ACL or a patient may sustain a bicruciate, 
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that is, an ACL/PCL injury. In general, the more severe the 
injury, the more likely the recommendation for ACL recon-
struction will be.

Patient Compliance 

Patient compliance is a major consideration. It is critical to 
assess the patient’s compliance and determine whether he or 
she is willing to participate in the recommended postopera-
tive rehabilitation program.

Nonoperative Treatment

The best candidate for nonoperative treatment has an iso-
lated ACL injury (no meniscus or concomitant ligamentous 
injury), no recurrent effusion,s and no episodes of giving 
way. Early physical therapy protocol and use of an ACL 
brace may be an appropriate management strategy toward 
maximizing the patient’s chances for successful return to 
high-level sports without recurrent instability. This physical 
therapy program can include lower extremity muscular 
strength and endurance exercises, knee mobility exercises, 
agility and sports-specific training, and perturbation training 
techniques [3, 6, 9].

Return to sports participation should be done in a progres-
sive fashion from nonrunning physical activity to straight 
running sports with lateral motion. Vigorous participation in 
hard cutting or jumping sports will place the patient at con-
siderable risk or reinjury and is not advised for patients with 
an ACL injury. When returning to sports a functional knee 
brace is frequently recommended.

Timing of Surgery in Acute ACL Injury

Despite significant advances in the surgical techniques of ACL 
reconstruction, there is no consensus as to the ideal timing for 
ACL surgery. It is important to reconstruct the ligament as 
soon as possible in order to minimize the time to return to play 
and maximize results. Early surgical treatment may help pre-
vent increased instability of the knee and reduces the risk of 
meniscal and chondral injuries. However, reconstruction of the 
ACL immediately following rupture has been shown to be 
associated with an increase in postoperative arthrofibrosis, 
slower return of quadriceps function, pain, patellar contrac-
ture, and range of motion loss [8]. Arthrofibrosis is a common 
complication following knee surgery. Dense scar tissue and 
adhesions form within the suprapatellar pouch, and medial and 
lateral gutters. Arthrofibrosis prevents the patient from 

regaining postoperatively full range of motion, particularly the 
terminal degrees of full extension. This can be detrimental to 
the competitive athlete. To prevent this, various authors recom-
mend a waiting period of 21–28 days before reconstruction of 
a ruptured ACL. This waiting period allows for the subsidence 
of the inflammation, swelling, and resultant loss of motion. 
Others think that, when the indication is clear, acute ACL 
reconstruction may be performed within 60 h of injury without 
a higher risk of postoperative development of arthrofibrosis. 
Nowadays, this strategy could also be considered for economic 
reasons. So controversy exists over the most suitable time for 
reconstruction of the ACL after injury [8, 14, 15].

But the etiology of stiffness following ACL reconstruc-
tion is multifactorial and includes technical surgical factors 
surgical timing and quality of postoperative rehabilitation. 
It is not simply the amount of time after injury that influences 
the quality of postoperative motion.

So, rather than specifically mandate a time period prior to 
surgery, I prefer to consider various perioperative factors to 
determine optimum timing for ACL surgery in order to pro-
vide the best possible long-term result to the patient with mini-
mal or no complications. These factors are mental preparation 
of the patient, school, work, family and social schedules, and 
preoperative condition of the knee (i.e., minimal swelling, 
good quadriceps activity, good leg control, full range of motion 
including full hyperextension, and no associated ligamentous 
or meniscal injuries). It is imperative that the athlete regains 
full symmetric extension and 120° of flexion prior to recon-
struction. All these factors must be considered before ACL 
surgery is undertaken. Every patient should be treated in a per-
sonal way so treatment decisions must be individualized.

To condition the knee you can use modalities such as cryo-
therapy, compression, and anti-inflammatory medications to 
reduce pain and swelling. In addition, techniques such as 
closed chain quadriceps exercises, straight leg raises, and 
electrical muscle stimulation can aid to recondition the quad-
riceps musculature.

Once these parameters are achieved, ACL reconstruction 
can be undertaken. In some cases, this may occur rapidly 
within 1–2 weeks, or it may take up to 6–8 weeks. However, 
it is preferable to use these clinical criteria rather than a spe-
cific time frame when determining the timing of surgery.

Surgery Timing in Recreational Athletes

Recreational athletes are different from competitive athletes 
and hence should be considered separately when planning 
treatment. A delayed reconstruction in recreational athletes 
with ACL insufficiency presenting late with clinical instabil-
ity does not adversely affect outcome;good results can be 
achieved in this cohort of patients whose expectations are 
much less than those of competitive athletes.
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Skeletally Immature Patients

At the other end of the spectrum are the skeletally immature 
patients. The ACL-deficient knee in the skeletally immature 
patient behaves as in an adult and is also at risk for reinjury, 
meniscal tears, and chondral injury [11]. In children, mid-
substance injuries to the ACL have been noted to be more 
frequent in recent years. Treatment of these injuries remains 
controversial. Most surgeons favor a trial of nonoperative 
management initially. In patients with residual pain, swell-
ing, and giving way or in patients with an unstable but repair-
able meniscal tear, surgical treatment may be the only option. 
In the growing child, because of the concern over growth 
disturbance, particularly premature growth arrest or angular 
deformity, many procedures have been developed to recon-
struct the ACL without violating the growth plate. 
Unfortunately, none of these procedures are as successful as 
an intra-articular reconstruction with standard tibial and 
femoral drill holes [7, 10, 16].
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Arthroscopic Anterior Cruciate  
Ligament Repair

Gian Luigi Canata 

Introduction

There are several reports in the literature about primary 
repair of the anterior cruciate ligament (ACL). Strand [10] 
evaluated open repairs 15–23 years postoperatively: subjec-
tively good or excellent results were found in 71%, with a 
mean Lysholm score of 88. Steadman [9] reported 77% good 
results in high level skeletally immature athletes with a mini-
mally invasive technique aimed at stimulating healing, but 
the re-injury rate was 23%. 7In a long-term randomized 
study comparing ACL primary repair and nonsurgical treat-
ment, Meunier [7] found no difference with regard to activity 
level and osteoarthritis outcome score, but the nonsurgically 
treated group had a lower Lysholm score. After meniscec-
tomy, 65% of the patients showed osteoarthritis regardless of 
initial treatment of the ACL. Mizuta [8] reported that the 
nonoperative treatment for ACL injuries was not acceptable 
in skeletally immature patients. Drogset [5] compared pri-
mary repair with repair with a ligament augmentation device 
and augmentation with autologous bone patellar tendon bone 
graft. After a 16-year follow-up, the mean Lysholm score 
was 88, 85, and 90 respectively, but ACL revision had been 
performed in 24% of the primary repairs, 10% of the aug-
mentation group, and 2% of the reconstruction group. The 
actual trend toward reconstructive techniques is related to 
unsatisfactory results of primary repairs, but there is clear 
evidence that in some cases the ACL can be repaired. A good 
selection of the cases amenable to repair could improve the 
rate of good results. Over the past 24 years, we have devel-
oped a mini-invasive technique to repair proximal ACL 
lesions [1–4] (Figs. 1 and 2).
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Material and Methods

We present a prospective study of a case series of proximal 
ACL lesions treated with a trans-osseous repair between 
2006 and 2008. Only proximal ACL lesions with good liga-
ment tissue were selected for repair: ten patients, three males 
and seven females with a mean age of 24.7 years (12–42), 
met the criteria for this study. Mean time from injury to sur-
gery was 63 days (4–210). Average Rolimeter manual maxi-
mum difference testing was 5 mm (range: 3–9). Results 
were evaluated with International Knee Documentation 
Committee (IKDC) 2000 score, Tegner activity level, and 
Lysholm scale [6, 11].

Preoperative Evaluation  
and Diagnosis

The patients were examined in the office, and objective data, 
including Lachman and pivot shift, were recorded according 
to the IKDC score format. A Rolimeter evaluation was also 
performed on all the patients. All of them underwent radio-
graphy and MRI to determine associated lesions and possi-
bly the tear location of the ACL.

Surgical Technique and Rehabilitation

The torn ACL was repaired anatomically with multiple 
sutures. A Caspari punch was used to pass the sutures through 
the ligament that was pulled to the insertional area, passing 
the sutures through the bone with a 4 mm tunnel drilled out-in 
over a 2 mm Kirschner wire introduced in–out (Figs. 3 and 4). 
In a 12 year old athlete, the ACL was repaired with an over 
the top technique. A cortical fixation was made with a poly-
ethylene button (Figs. 5 and 6). Crutch-assisted walking with 
partial weight bearing was prescribed for 4 weeks after sur-
gery. Open chain exercises were excluded. Patients were fol-
lowed prospectively with clinical examinations. IKDC 2000 
score, Lysholm scores, and Tegner activity level scale were 
documented at the latest follow-up.

Fig. 1 Mini-open ACL repair in 1985

Fig. 2 MRI 19 years later, same patient
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Fig. 3 Multiple suture with a Caspari 
punch. Reinsertion site traced with a 
Kirschner wire introduced in out and over 
drilled out in

Fig. 4 The multiple PDS sutures are 
pulled out
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Fig. 6 Sutures pull the ACL against the 
bone of the insertional site

Fig. 5 Cortical fixation with a polypropylene button

Results

Mean follow-up: 25 months (17–34). The IKDC 2000 evalu-
ation: objective 9A 1B, subjective 100. No complications 
occurred; all patients were satisfied with the surgery and 

resumed their previous activities at the same level. Tegner 
activity level 7, 6 (9–5). Lysholm score 100.

Discussion

This conservative surgery is limited to selected cases. Only 
proximal lesions with good ligament tissue can be treated 
with this technique, which can be safely applied even in 
young patients with open physis, given the poor results 
from nonoperative treatment and the concerns regarding 
standard reconstructive surgery. All patients resumed their 
previous activities, even to the extent of being highly com-
petitive at the same level. Knee function was restored to 
normal or nearly normal in all patients. A limitation of the 
present study is the lack of a control group (a prospective 
randomized study is on course) and the small number of 
patients, but only selected cases can be treated with this 
technique.
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Arthroscopic Primary Repair  
of Fresh Partial ACL Tears

Erhan Basad, Leo Spor, Henning Stürz, and Bernd Ishaque

Introduction

The anterior cruciate ligament is made of fiber bundles that 
are functionally divided into a smaller anteromedial (AM) 
and a larger bulky posterolateral (PL) bundle. For under-
standing the consequences of trauma and for planning an 
anatomical repair, it is important to understand the functions 
of these portions. The AM bundle is tight in flexion and the 
PL bundle is tight in extension. Both bundles are parallel in 
extension and cross, respectively, wind around each other if 
the knee is flexed. In the flexed position, the AM bundle 
tightens and the PL relaxes [1].

Arthroscopic evaluation of ACL tears reveals that a spe-
cific amount of cases show partial ACL tears either of the AM 
or the PL bundle, implying that different trauma mechanisms, 
or injury patterns [19, 20], can affect different bundles.

In histological animal studies, blood vessels of the ACL 
were found to originate predominantly from the soft tissues, 
mainly the infrapatellar fat pad and synovial membrane of 
the joint [2]. The predominant soft tissue, as opposed to 
osseous, origin of the blood supply to the cruciate ligaments 
may be important in the repair of these structures. The pres-
ervation and utilization of the infrapatellar fat pad and syn-
ovial envelope may optimize the vascular response and 
healing of the ligaments.

The cruciate ligaments accommodate morphologically 
different sensory nerve endings (Ruffini endings, Pacinian 
corpuscles, Golgi tendon organ like endings, and free nerve 
endings) with different capabilities of providing the central 
nervous system with information about movements and posi-
tion of these ligaments. The cruciate ligament receptors par-
ticipate in the regulation of the muscular stiffness around the 
knee joint. Thus, the sensory system of the cruciate liga-
ments significantly contributes to the functional stability of 
the knee joint [7].

On the other hand, studies investigating the ability of 
muscles to stabilize the knee after rupture of the ACL show 
a significant correlation between the differential latency and 
the frequency of “giving way”, indicating that functional 
instability may be due, in part, to loss of proprioception. 
These findings indicate that preservation of ACL fibers may 
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play a key role in the success of rehabilitation after ACL 
injuries [3, 5].

Open primary repair of ACL injuries [24] was common 
until the 1980s, but has widely been replaced by arthroscopic 
primary ACL reconstruction with autografts [12]. However, 
earlier publications on ACL repair, augmentation [17, 18], or 
conservative treatment [23] provided partially good results. 
Early publications and reports about primary repair and con-
servative treatment have described significant success rates, 
raising the question whether these procedures could improve 
with modernization of indications, techniques, and rehabili-
tation protocols. [25]. Steadman et al. reported healing 
response (HR) as a successful technique [21, 22], but cur-
rently there are no prospective and controlled studies to prove 
it. Animal studies [15, 16] suggest the healing potential of 
the ACL. Opening of the subchondral plate [8] and the access 
to mesenchymal stem cells showed improvement healing in 
an animal model. The age of the patient, length of time after 
trauma, and biologic response seem to play a key role in the 
success of primary repair.

Application of HR in fresh partial ACL tears brings up the 
following questions:

Do clinical scores and objective stability results improve 
after HR?
Do MRI results show a repaired ACL morphology after 
HR?

Material and Methods

This study was intended to investigate the outcome of pri-
mary arthroscopic ACL repair with laceration and anato-
mical re-insertion of the torn ligament, measured by primary 
and secondary target parameters. The aim was to demon-
strate that patients treated with HR

Show satisfactory results with respect to certain clinical 
parameters
Show morphologic continuity in MRI follow-ups

In order to investigate the outcome of HR, we performed a 
prospective explorative case study. Fifty-five patients with 
fresh partial ACL tears were provided with primary in situ 
repair, named healing response (HR). The study was con-
ducted between July 2006 and November 2008. The study 
protocol was approved by the ethics committee and was con-
ducted according to the Declaration of Helsinki and Good 
Clinical Practice. At baseline, all patients with fresh ACL 
injuries underwent clinical evaluation, were assessed for 
their eligibility for inclusion, and gave their written informed 
consent. Final inclusion happened during arthroscopic evalu-
ation. Precondition for the application of the HR method is a 

fresh tear of the ACL between 30% and a maximum of 75% 
of ACL fibers, with a partially intact synovial cover that con-
tains blood supply. Patients who did not fulfill the criteria for 
HR were provided with ACL reconstruction with hamstrings 
during the same intervention. In the cases that fulfilled the 
following criteria, HR was performed:

Fresh ACL injury within the first 3 weeks after trauma.
Age: Between 18 and 45 years.
At least 30% of ACL fibers and parts of the synovial coat-
ing intact.
At least 50% of the ACL fibers discontinued.

Three severities were distinguished, forming a simple 
arthroscopic classification:

Grade 1: Intraligamentary elongation with subsynovial 
hematoma. Synovial cover slightly harmed or unharmed
Grade 2: One-third to one-half tears (mostly PL bundle) 
with good reducible stump and definable synovial tube
Grade 3: One-half to three-fourth tears (mostly PL bundle 
and parts of AM bundle) with a reduced synovial tube and 
a tendency of the stump to anterior tilting

Measures taken on the day of the operation and on postopera-
tive day 1: After administering regional or total anesthesia, a 
KT-1000 test was done to measure the instability of the injured 
knee in comparison to the contralateral knee. An arthroscopy 
was performed on the patient to decide if the degree of the 
ACL injury fitted with the above described criteria. Only 
grade 2 and 3 cases were included into the study group.

Operation Technique

Step 1: The bone plate of the notch was perforated manifold 
(with a microfracture ale) and the torn ACL was lacerated, 
thus provoking bleeding from the subchondral bone and 
adhesion of the injured areas. The technique was based on 
the following hypothesis: Opening the subchondral bone at 
the attachment sites of the ACL provides mesenchymal stem 
cells in large quantities and provokes a healing response with 
a higher metabolic activity.

Step 2 (optional): Torn fibers of the ACL tend to tilt, thus 
detaching from the avulsion zone (Fig. 1). If anterior tilting 
was present and the stump was not reducible, additional fixa-
tion of the ACL to the notch was performed arthroscopically. 
A small degradable PLLA anchor (Bio-Corkscrew™ Suture 
Anchor - Arthrex, Naples, FL), armed with sutures, was 
screwed into the notch, and the threads were sutured and tied 
with arthroscopic instruments (Fig. 2).

Co-lesions concerning cartilage or meniscus were 
treated concomitant. Traumatic defects of the hyaline carti-
lage were treated with arthroscopic microfracture, where 
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damaged cartilage was removed until the subchondral bone 
and subsequently perforated with a chisel. Fresh meniscus 
tears were treated with suturing (inside-out) or partial deb-
ridement if suturing was not possible.

Rehabilitation Protocol

Postoperatively, the patients’ knee was immobilized with a 
dorsal plaster for 2 days. After 2 days, the plaster was 
removed and a leg brace (M4 ACL, medi® Bayreuth, 
Germany) was applied for 6 weeks in order to stabilize the 
knee and limit the range of motion (ROM). Further rehabili-
tation consisted of 3 weeks’ partial weight bearing, limited 
ROM, and knee resting in extension, which provided a relief 
of tension of the ACL. ROM was limited with the leg brace 
to 0–0–60° for the first 3 weeks and 0–0–90° for the second 
3 weeks. Patients were advised on rehabilitation and sports 
activity and were allowed to return to regular sports activity 
after a minimum of 3 to maximum 6 months.

Measures Taken After 6, 12, and 24 Months 
Postoperative

An indirect MRI arthrography was performed in the depart-
ment for diagnostic radiology with a 1.5 T system in flexed 
knee position (Gyroscan Intera 1.5 T, Phillips Medical 
Systems GmbH, Hamburg) at 6 and 12 months. The MRI 
arthrography was conducted by intravenous injection of para-
magnetic contrast agent (Gadolinium, 0.2 mL/kg KG, 
Magnevist®, Schering Deutschland GmbH, Berlin), 20 min 
prior to MRI (T1 TSE with fat suppression sagittal and coro-
ner, TR 400 ms, TE 15 ms, layer thickness 3 mm). The fol-
lowing additional sequences were performed: T1 TSE sagittal 
and transversal (TR 455 ms, TE 15 ms, layer thickness 3 mm), 
PD SPIR sagittal (TR 2,000 ms, TE 27 ms, layer thickness 
3.2 mm) and a double-echo sequence with coroner fat sup-
pression (TR 2,666 ms, TE 12/80 ms, layer thickness 3 mm).

Clinical examinations included Lysholm–Gillquist ques-
tionnaire, objective stability tests (Lachmann, anterior 
drawer, KT-1000). In case of insufficient stability, the patient 
was advised to undergo ACL replacement surgery. These 
cases were labeled as failed ACL repairs.

Clinical Target Parameters

Subjective patient’s knee score (Lysholm–Gillquist score): 
A metric discrete variable on a scale of 0–100 points
Patient’s Tegner activity score: A discrete variable on a 
scale of categories from 0 to 10
Anterior translation of tibia measured with the KT-1000 
Arthrometer in millimeters: A metric continuous variable

MRI Target Parameters

Integrity, continuity, and thickness of regenerative tissue 
in MRI: An ordered categorical variable with three differ-
ent values (I < II < III)

Statistical Methods

A fully nonparametric rank method was used to analyze the 
time courses of each of the scores, as described by Brunner 
and Langer [4]. This allowed a unified longitudinal inferen-
tial analysis of the two ordinal outcome measures and for the 
(quasi-) metric scores (Tegner and Lysholm–Gillquist).  

Fig. 1 Proximal rupture of the ACL with tilted stump and subsynovial 
hematoma

Fig. 2 Re-inserted ACL stump augmented with a suture anchor
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All available data (not just those from patients with complete 
records) were used, as this analysis is able to deal with 
incomplete records as long as missing values can be consid-
ered “missing completely at random,” which was the case. 
All statistical analyses were performed using the statistics 
software R, version 2.8.0 (2008-10-20) including the Matrix 
and MASS packages [14].

Results

From the 55 patients included, we achieved 46 6-month  
follow-ups, 34 12-month follow-ups and 15 24-month fol-
low-ups (Table 1).

The Lysholm score performed from 41 preoperatively to 
92 at 6 months, 95 at 12 months and 95 at 24 months 
(Fig. 3).

The Tegner activity score performed from two preopera-
tively to five at 6 months and six at 12 months, and remained 
at six at 24 months. Both scores showed a steep inclination 
within the first 6 months and remained on the achieved level 
until the 24 month follow-up (Fig. 4).

The mean KT-1000 arthrometer measurements, which 
had shown pathologic mean values of 3.4 mm preopera-
tive, improved to 2 mm mean values at 6 months and 
2.1 mm at 12 months, and remained at 2 mm at 24 months 
(Fig. 5).

Preoperative MRI results were not applicable for the sta-
tistics because they were made using different techniques 
and by different radiologists. Our own MRIs at 6 and 12 
months were evaluated as follows: 33 MRI follow-ups were 
performed at 6 months and 9 at 12 months. Twenty-four of 
the 33 cases showed complete thickness and continuity, two 
showed partial continuities, and seven cases showed discon-
tinuity at 6 months. At 12 months, the ratio was seven to two 
to one (Fig. 6).

Patients who experienced giving way and showed clinical 
signs of instability were declared as failures: The results 

Table 1 Patient demographics and disposition

Patients

N 55

Gender
 Male N (%) 41 (75%)
 Female N (%) 14 (25%)

Mean age (years) 32.50 (15–57)
Mean BMI (kg/m2) (range) 24.9 (17.8–32.5)

Surgical technique
 Healing response 43 (76%)
  Healing response and suture anchor 13 (24%)

Lysholm score
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Fig. 3 Mean Lysholm–Gillquist scores over time
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Fig. 4 Mean Tegner–Lysholm scores over time
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Fig. 5 Mean KT-1000 arthrometer difference to healthy knee in 
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showed 11 failures (17%), of which 7 received revision sur-
geries with hamstring reconstruction. Seven of the 11 fail-
ures had a recurrent knee trauma during sports after their 
comeback into regular sports activities.

We considered three cases with extension difficulties as 
treatment related complications. During three revision sur-
geries of these cases, we could confirm a hypertrophy of con-
nective tissue in the intercondylar notch. After arthroscopic 
debridement and extensive rehabilitation, the extension defi-
cits could be reversed.

Discussion

Primary repair of ACL injuries has widely been replaced by 
arthroscopic primary ACL reconstruction with autografts [12]. 
There is only inconsistent information about the techniques 
and success rates of primary repair of partial ACL tears [25] 
and currently there are no prospective controlled studies that 
prove the effect of healing response [21, 22]. However, animal 
studies [15, 16] suggest the potential of a healing of a torn 
ACL and opening of the subchondral plate [8] provides access 
to mesenchymal stem cells, which can improve healing.

We did not intend to perform a randomized parallel group 
study comparing HR to ACL replacement: we consider it 
unethical because of two reasons. First, we have had 2 years 
of positive experience with arthroscopic HR and know of 
personal communications from other experts [21, 22] who 
describe good and very good results after performing HR in 
fresh subtotal ACL tears. Based on this information, we have 
good reasons to believe that the success rate of HR lies 
between 75% and 85%. However, this experience has to our 
knowledge neither been studied in detail nor published satis-
factorily as yet. Second, performing ACL reconstruction in 

fresh subtotal tears is more traumatizing, and there is donor 
site morbidity depending on the graft. Residual fibers of the 
torn ACL still contain proprioception that should certainly 
be saved. By removing the ACL stump or replacing residuals 
of the ACL, residual proprioception is lost ultimately. The 
selective reconstruction and augmentation of a single bundle 
with a hamstring, however, represents another alternative in 
partial ACL tears [17, 18]. Adverse events we experienced 
were most of all related to extensive tissue growth in the 
notch and temporary immobilization of the knee, but did not 
exceed those from other ACL repair procedures.

Potential influential covariates like smoking habit and 
body mass index may influence primary and secondary tar-
get parameters (and hence the treatment success). They were 
adequately taken into account in the analysis of target para-
meters wherever sensible and possible, for example, as cova-
riates in a linear regression of length of hospital stay or total 
cost of treatment, or in a logistic regression of treatment suc-
cess. The statistical analysis showed no covariates that influ-
enced the outcome in our patient selection, which also 
indicates that the number of cases in our study was too low 
to measure effects of covariates.

MRI provides a noninvasive method for morphologic 
 follow-ups after ACL repair. The edematous macerated fibers 
achieved parallel filamentous characteristics of a healthy 
ACL after 6 months (Figs. 7 and 8). MRI follow-ups help in 
detecting malunions of the ACL fibers, stump entrapment, or 
a Cyclops lesion [6, 11]. Our MRI follow-ups detected a sig-
nal enhancing, alternatively, an increasing bone marrow fluid 
accommodation around the PLA anchors, but these findings 
did not correlate clinically.

Our early results indicate that in situ repair still plays a 
role in the early treatment of ACL injuries. However, con-
clusions from these preliminary results have to be drawn 
very cautiously. The short- and mid-term results of our 

Fig. 7 MRI PD sequence 
preoperative and after 6 months
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selected cases imply that the HR technique can be a success-
ful minimal invasive treatment alternative to ACL recon-
struction in specific fresh partial tears. Failures, which have 
to be taken into consideration, can be detected by continuous 
postoperative instability measurements or recurrent rupture 
during light sports activities. Early persisting postoperative 
instability after HR still allows switching the therapy into 
ACL reconstruction within weeks. Our early results may 
also debunk insufficient stability of the scar tissue resulting 
in re-rupture caused by a minimal trauma. Patients have to 
be clarified about a 17% possibility of failure before HR pro-
cedure. Hence, in our clinic most ACL injuries predomi-
nantly are treated with primary autologous reconstruction 
because of the trauma date and severity of the ACL tear.

As advantages of the HR, there is no donor site morbidity 
and the early operative intervention allows on time treatment 
for meniscus and cartilage lesions. Rehabilitation and come-
back to amateur sports is possible after 3–4 months. By main-
taining original ACL fibers, a maximum preservation of residual 
proprioception is provided [5]. Our position is strictly contrary 
to the habit of routine removal of the ACL stump and recon-
struction in a second step surgery because there is only minimal 
chance of an impingement with respect to the extension block 
caused by the displaced stump [13]. Early intervention, a selec-
tive indication group, and a differentiated rehabilitation proto-
col deliver satisfactory results in primary repair of fresh ACL 
injuries. The HR procedure can be improved with an additional 
suture anchor if reduction of the stump is difficult.

According to our results, primary repair still has signifi-
cance in fresh partial ACL tears. Our early mid-term results 
encourage us to use in situ repair in fresh partial ACL tears 
and to continue using this technique with longer follow-ups 
and within controlled studies. The future perspectives of 
HR show the application of tissue engineering techniques, 

such as hydrogels or scaffolds, which contain autologous or 
artificial growth factors and which are capable of enhancing 
the biologic response. Enhancement of the biologic response 
may enhance the indication for primary repair [9, 10].
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The Evolution and Principles of Anatomic 
Double-Bundle Anterior Cruciate Ligament 
Reconstruction

Pascal Christel and Michael Hantes 

Introduction

Currently, reconstruction of the anterior cruciate ligament 
(ACL) remains widely based on the use of single-bundle 
technique. However, in the last few years, double-bundle 
ACL has become increasingly popular. One reason for this is 
the unsatisfactory control of the tibial rotation following one 
bundle reconstruction. The so-called endoscopic technique, 
where the femoral tunnel is drilled through the tibial tunnel, 
results in a nonanatomic placement of the graft. The graft is 
too high in the notch and leads to vertical orientation with an 
acceptable control of the tibial translation but a poor control 
of the tibial rotation, which explains the high percentage of 
residual positive pivot shift. Thus, the reevaluation of the 
ACL anatomy and biomechanics has led to the concept and 
development of the anatomic double-bundle ACL recon-
struction, which is reviewed in this chapter.

ACL Anatomy

The ACL consists of many fascicles that bound together and 
connect the distal femur and proximal tibia. While some 
authors have reported that the anatomy of the ACL consists 
of three functional bundles [3], today it is generally accepted 
that the ACL consists of two main distinct bundles: the anter-
omedial (AM) and the posterolateral (PL) bundles (Fig. 1).

Femoral Attachment

Grossly, the femoral footprint has a semicircular shape. The 
straight part is oriented downward from proximal to distal, 
and its anterior limit corresponds to the lateral intercondylar 
ridge [20] also called Resident’s ridge [2, 4–10, 15, 16, 25] 
According to Farrow et al. [16], it originates at the back part 
of the intercondylar notch roof (Blumensaat’s line), at 79% 
of its length, and runs downward making a 75.5° angle with 
the roof (Fig. 2). This is an important landmark as no ACL 
fibers are found in front of this ridge and, over all, there are 
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no ACL fibers attached on the roof of the intercondylar notch. 
The circular part of the footprint runs parallel to the cartilage 
of the lateral femoral condyle at 2–3 mm from its edge. The 
longitudinal axis of the footprint makes a 30° angle with the 
axis of the femoral shaft [6, 14, 21, 34].

According to anatomical studies [13, 17, 21, 24, 28, 33, 
34, 41, 43] the area of the entire origin of the ACL in the 
femur ranges from 83 to 196 mm². The length of the entire 
ACL origin ranges from 15 to 23 mm while the width 
ranges from 8 to 11 mm. The area of the AM bundle 

insertion ranges from 47 to 120 mm² while the area of the 
PL bundle insertion in the femur ranges from 40 to 
103 mm². This means that each of the AM and PL bundles 
occupies approximately 50% of the entire femoral origin.

Tibial Attachment

The tibial insertion of the ACL is located between the medial 
and lateral tibial eminences, and the footprint surface area 
ranges from 114 to 229 mm² [24, 42]. The length of the entire 
ACL origin ranges from 15 to 29 mm while the width ranges 
from 8 to 11 mm. The area of the AM bundle insertion ranges 
from 56 to 136 mm² while the area of the PL bundle insertion 
in the femur ranges from 52 to 93 mm². Therefore, similar to 
the femoral origin, each of the AM and PL bundle occupies 
approximately 50% of the entire tibial origin.

When the knee is in extension, the two bundles run paral-
lel, the AM bundle lying anterior to the PL, but as the knee 
moves into flexion the ACL twist around itself and the two 
bundles cross each other. Typically the PL bundle slackens 
when the knee flexes and the tension is higher with the knee 
in full extension while the tension of the AM bundle increases 
with higher degrees of flexion [8].

Moving from Single- to Double-Bundle 
ACL Reconstruction

Although the complex anatomy of the ACL had been described 
many years ago by Palmer [36], the gold standard of ACL 
reconstruction was replacement of the AM bundle by placing 
the graft into the so-called 10 or 11 o’clock position in the 
femur and in the center of the footprint on the tibial side. 
However, with the use of this conventional ACL reconstruc-
tion technique, approximately 10–30% of the patients have 
recurrent instability or inability to return to their preinjury 
activities [7, 19, 27]. Because transtibial single-bundle ACL 
reconstruction has been a nonanatomic approach, the concept 
of the double-bundle ACL reconstruction has been developed 
in the last decade in order to replicate the double-bundle anat-
omy of the ACL, in the hope of obtaining better clinical results 
[8, 9, 45]. We will not discuss this issue herein as outcome 
studies are developed in other chapters of this book.

Historically, the earliest double-bundle ACL reconstruc-
tions were performed in 1983 by Mott, [29] by Zaricznyj in 
1987, [47] and later by Rosenberg and Graf in 1994 [37]. 
These authors used two femoral and one tibial tunnel whereas 
Zaricznyj drilled a single femoral and two tibial tunnels. 
Unfortunately, no clinical outcome or follow-up have been 
published by these authors. Thus, the idea of reconstructing 
both bundles was not popular at that time. Interest in the 
double-bundle ACL reconstruction was revived in the late 

Fig. 2 Lateral view of the distal femur. The thin metal wire was glued 
on the resident’s ridge (or lateral intercondylar ridge). The Blumensaat’s 
line was underlined by a white line. The resident’s ridge originates at 
the posterior part of the Blumensaat’s line (at 79% of its length) and 
makes a 75° angle with it. The ACL femoral footprint is entirely located 
below this ridge

Fig. 1 Cadaver view of the two bundles of the ACL, left knee. Insertion 
sites have been underlined by circles. The RR line represents the posi-
tion of the lateral intercondylar ridge (resident’s ridge) below which the 
femoral attachment of the ACL is entirely located. AM anteromedial 
bundle, PL posterolateral bundle, LFC lateral femoral condyle
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1990s and early 2000s by Japanese surgeons [22, 32, 45], 
followed by French surgeons [18]. According to their tech-
niques, two femoral and two tibial tunnels were created in 
the femoral and tibial ACL footprint. Although their tech-
nique was refined later, the idea of two independent femoral 
and tibial tunnels is used today by the majority of the sur-
geons for the anatomical double-bundle ACL reconstruction. 
Some surgeons, such as Shino, have refined the technique 
even moreusing two femoral tunnels and three tibial tunnels 
to reconstruct both AM, PL, and intermediate bundles [39]. 
Biomechanical studies have shown that knee kinematics are 
better restored with the double-bundle technique in compari-
son to the single-bundle technique [44].

In this chapter, we describe a double-bundle ACL recon-
struction technique using hamstring tendon autografts and 
anatomic aimers (Smith & Nephew Endoscopy, Andover, 
MA) to create two femoral and two tibial tunnels [12].

Surgical Technique

The harvest step of hamstring tendons is identical to that of a 
single-bundle hamstring graft. A double-stranded gracilis 
(Gr) tendon and a double-stranded semitendinosus (ST) are 
fashioned. Each graft is slipped through an EndoButton™ 
CL (Smith & Nephew, Mansfield, MA). The ST graft is used 
for the anteromedial bundle (AMB) reconstruction while the 
Gr replaces the posterolateral bundle (PLB).

The arthroscopic reconstruction is based on the use of a 
three-portal technique. The main anterolateral (AL) and antero-
medial (AM) portals are performed along the patellar tendon 

edges. Later, an accessory AM portal (AAM) located ca.1 cm 
below and medial to the main AM portal will be created under 
direct visualization with the scope through the AL portal.

With the scope through the main AM portal, the centers of 
both AM and PL bundles are marked with an RF probe intro-
duced through the AAM portal.

The femoral tunnels are drilled first. Keeping the knee 
bent between 110° and 120° of flexion, an Endofemoral 
aimer (Smith & Nephew, Mansfield, MA) is introduced 
through the AAM portal [4]. Its bullet is aligned with the 
center of the AMB. Then a 2.4 mm guide wire is drilled 
through the two cortices and a cannulated 4.5 mm drill bit is 
advanced over the pin until it breaches the lateral femoral 
cortex. The total length of the AM femoral tunnel is then 
measured and a compacting router matching the AM bundle 
diameter is used to produce the AM femoral socket at a depth 
depending on both the tunnel and Endobutton™ CL length.

For drilling the PL femoral tunnel, the scope is inserted 
through the AM portal and the Anatomic Posterolateral 
Femoral aimer (Smith & Nephew, Mansfield, MA) through 
the AAM portal. Keeping the knee bent between 120° and 
130° of flexion [5], the tip of the aimer is introduced in the 
AM socket and the laser mark of the aimer’s bullet aligned 
with the center of the PL bundle previously marked.

A 4.5 mm solid drill bit is then drilled through the lateral 
femoral cortex, the length of the PL tunnel is measured, and 
the appropriate PL socket is created with a compacting router 
at the desired depth. Thus, two tunnels diverging by 15° are 
created, with a 1.5–2.5 mm bony bridge in between (Fig. 3).

On the tibial side, with the scope inserted through the AL 
portal, the centers of the anatomic insertions of the AMB and 

a b c

Fig. 3 (a) Endoscopic view of the femoral tunnels, right knee. The pos-
terolateral tunnel is in front and below the anteromedial tunnel, more 
posterior. When the knee is bent at 90°, the line joining the tunnel cen-
ters makes a 30° angle with the horizontal plane. Note the 2 mm bone 
bridge separating the tunnels. (b) Three-dimensional CT view of the 

femoral tunnels, right knee. (c) This 3-D CT section shows that the 
anteromedial femoral tunnel (AM) is longer and more vertical than the 
posterolateral tunnel (PL). The instruments maintain a 15° divergence 
between the two tunnels
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PLB on the tibial footprint, according to known bony land-
marks, are marked with an RF probe. The knee is bent at 90° 
and the AM tunnel is drilled first. The Director tibial guide 
(Smith & Nephew, Mansfield, MA) with the bullet oriented at 
60° to the joint line is introduced in the joint through the AM 
portal. The tip of the guide is positioned on the center of the 
anatomical attachment area of the native AMB. The 2.4 mm 
drill tip guide wire starting from the medial side of the tibial 
tubercle is advanced through the tibia until it emerges at the 
desired location. A cannulated drill bit undersized by 1 mm is 
advanced into the joint and dilators are used to expand the 
tunnel to the final diameter, identical to the graft diameter.

Once the AM tibial tunnel is drilled, the Anatomic PL 
tibial guide (Smith & Nephew, Mansfield, MA) is used. The 
guide consists of interchangeable posts fitting the AM tunnel 
and a lateral flange with a bullet. Once inserted into the AM 
tunnel, the distal end of the post is flush with the tibial sur-
face (Fig. 4). The AM post is rotated until the slot at its tip is 
aligned with the center of the PLB. The tip of the bullet is 
located on the anterior edge of the superficial fibers of the 
medial collateral ligament. Once acceptable placement of the 
2.4 mm drill tip guide is obtained, a 1 mm undersized can-
nulated drill bit is advanced into the joint space and the tun-
nel is finally dilated to its final diameter. An osseous bridge 

of 2–3 mm remains between the two tunnels inside the joint. 
On the outer tibial surface the distance between the tunnels’ 
apertures is 15–20 mm (Fig. 5).

Loop sutures are pulled through the tibial and femoral 
tunnels matching AM and PL tunnels together. The PL graft 
is first pulled through the tibial and femoral tunnels by way 
of a loop thread. Femoral fixation is carried out by flipping 
the EndoButton™ CL (Smith & Nephew, Mansfield, MA) 

Fig. 4 Intraoperative fluoroscopic control of the position of the tibial 
guide. The anteromedial post (AM) is inserted within the AM tunnel 
and the converging posterolateral guide wire (PL) is inserted. Note the 
position of the AM post parallel to the roof of the intercondylar notch 
without impingement

Fig. 5 Three-dimensional CT view of the tibial tunnels in the axial 
plane. The posterolateral tunnel aperture (PL) is located behind and 
slightly lateral compared to the anteromedial tunnel (AM). Lat lateral 
tibial plateau, Med medial tibial plateau

Fig. 6 Final arthroscopic aspect of an anatomic double-bundle ACL 
reconstruction (right knee). The anteromedial bundle (AM) runs more 
sagittal than the posterolateral one (PL) which is more transverse. With 
those orientations, the AM bundle mostly controls the anterior tibial 
translation while the PL bundle controls the tibial rotation. LFC lateral 
femoral condyle
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on the lateral femoral cortex. The AMB is then passed and 
fixed in a similar manner.

Tibial fixation is carried out by a bioabsorbable interfer-
ence screw, with 40 N of tension applied to the AMB graft 
with a dynamometer, the knee flexed between 45° and 60°. 
Then, the PLB is fixed with the knee flexed under a 30 N ten-
sion load between 0° and 15°, with a second bioabsorbable 
interference screw (Fig. 6).

The postoperative course is identical to four-stranded one 
bundle hamstring ACL reconstruction.

Validation of the Anatomical Reconstruction

For the last 5–10 years, many papers have reported the results 
of anatomic double-bundle ACL reconstruction with various 
outcomes [1, 2, 8, 11, 22, 26, 30–32, 35, 40, 43, 45, 46]. 
While many surgical techniques have described the way the 
femoral tunnels are positioned at surgery, there is no accepted 
criterion to quantify the positioning of the tunnels. 
Intraoperative evaluation of tunnel position is not accurate 
enough during arthroscopy and the clock-face system is too 
subjective. Also, the view of tunnel position is dependent on 
the degree of knee flexion. Before evaluating and publishing 
the clinical results of ACL double-bundle reconstruction as 
well as tunnel widening [40], tunnel positioning should be 
accurately validated, and this relevant parameter is missing 
in most of the available literature.

Basdekis et al. [6] have compared the positioning of femo-
ral AM and PL tunnels obtained with the previously described 
technique using 3-D CT (computed tomography) scan. They 
measured the angle between the reconstructed footprint and 
the femoral longitudinal axis (footprint angle, FA) as well as 
the length and width of the footprint and distances to cartilage 
margins for both reconstructed knees and contralateral knees 
with intact ACL. There was no significant difference in FA 
values (28.1° ± 5° in the controls vs 32.9° ± 15.8° on the 
involved side). Also, there was no statistical difference 
between the two groups for the other morphometric parame-
ters such as footprint’s length and width, and distances to 
 cartilage margins as well. Thus, they have been able to 
demon strate that, when using specific ancillary instruments, 
the studied morphometric parameters of the reconstructed 
femoral ACL footprint were similar to the native ACL.

After double-bundle ACL reconstruction with anatomic 
aimers Sahasrabudhe et al. [38] have evaluated the charac-
teristics of the reconstructed tibial footprint, also using 3-D 
CT scan. The length and width of the reconstructed ACL 
footprint was measured on axial images. Then, 3-D images 
were converted into 2-D with radiological density for mea-
surement purposes. Tunnel orientation was measured on AP 
and lateral views. In the sagittal plane, the center of the 

anteromedial- (AMB) and posterolateral bundle (PLB) tibial 
attachment positions were calculated as the ratio between 
the geometric insertion sites with respect to the sagittal 
diameter of the tibia. In addition, the length from the anterior 
tibial plateau to the retro-eminence ridge (RER) was mea-
sured; the relationship of this line to the centers of the AM 
and PL tunnels was then measured. They found the AP 
length of the reconstructed footprint was 17.1 ± 1.9 mm and 
the width 7.3 ± 1.2 m. The distance from RER to center of 
AM tunnel was 18.8 ± 2.8 mm and the distance from RER to 
center of PL tunnel was 8.7 ± 2.6 mm. The distance between 
the tunnels’ centers was 10.1 ± 1.7 mm. The bone bridge 
thickness was 2.1 ± 0.8 mm. In the sagittal plane, the centers 
of the tunnel apertures were located at 35.7% ± 6.7% and 
53.7% ± 6.8% of the tibia diameter (Staübli and Rauschning’s 
line) for the AMB and PLB, respectively. The surface areas 
of the tunnel apertures were 46.3 ± 4.4 mm² and 36.3 ± 4 mm² 
for the AM and PL tunnels, respectively. The total surface 
area occupied by both tunnels was 82.6 ± 7 mm². In the coro-
nal plane, tunnel orientation showed that the AM tunnel was 
more vertical than the PL tunnel, with a 10° divergence 
(14.8° vs 24.1°). In the sagittal plane both tunnels were 
almost parallel, it was 29.9° and 25.4° for the AM and PL 
tunnels, respectively.

These results demonstrate that when using anatomic 
aimers, the morphometric parameters of the reconstructed 
tibial footprint in terms of length and distances to the sur-
rounding bony landmarks were similar to the native ACL 
tibial footprint. However, the native footprint width was not 
restored and the surface area of the two tunnel apertures was 
in the lower range of the published values for the native 
footprint area.

Finally, in a recent study, Hantes et al. [23] demonstrated 
that anatomic aimers are of great help in avoiding bone 
bridge fracture intraoperatively during double-bundle ACL 
reconstruction. In addition, using multidetector computed 
tomography as an evaluation tool, these authors found that 
no tunnelcommunication between the bone tunnels occurred 
postoperatively. According to their results, the bone bridge 
between the bone tunnels maintains its structural integrity 
over time, which is important for knee stability and graft 
function.

Conclusion

Anatomic double-bundle ACL reconstruction relies on an 
accurate arthroscopic technique. The surgeon must be aware 
of ACL anatomy, footprint characteristics, and their situation 
with regard to the bony landmarks. Specific aimers help to 
achieve proper and reproducible tunnel position, maintaining 
a 2 mm bone bridge between the tunnels on both the femoral 
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and tibial sides, which persists with time as demonstrated by 
validation studies. However, among all the published tech-
niques, double-bundle ACL reconstruction does not always 
mean anatomic double-bundle reconstruction. Thus, docu-
menting the tunnel position should be a prerequisite to the 
analysis of the clinical outcome. In this respect, 3D CT scan 
is a versatile and powerful tool to assay such positioning.
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ACL Reconstruction: Alternative Technique  
for Double-Bundle Reconstruction

Stefano Zaffagnini, Danilo Bruni, Giovanni Giordano, Francesco 
Iacono, Giulio Maria  Marcheggiani Muccioli, Tommaso Bonanzinga, 
and Maurilio Marcacci 

Anterior cruciate ligament (ACL) rupture is a common lesion, 
particularly in sports activities. Various surgical procedures 
and graft selections have been proposed for ACL reconstruc-
tion, such as bone–patellar tendon–bone (BPTB), semitendi-
nosus-gracilis tendons (STG), iliotibial band, allograft, and 
quadriceps tendon [16, 18, 29, 33]. In the past years, the cen-
tral third of the patellar tendon and hamstring tendons have 
been the most common type of grafts used. Bony fixation and 
mechanical strength may explain the success of the patellar 
tendon graft, whereas the use of a four-bundle semitendinosus- 
gracilis graft guarantees a high graft strength and a clinical 
outcome similar to that found with a BPTB graft.

The outcomes for STG and BPTB graft surgeries have 
been compared by several authors. Some reports have indi-
cated better knee stability with a BPTB graft [1, 5, 9] and 
others showed no differences in clinical outcome between the 
two procedures [17, 22]. More recent studies have pointed out 
that a patellar tendon graft can cause an increased incidence 
of anterior knee pain, flexion contracture of the knee, and 
delayed recovery of the strength of knee extension [13–15, 
19, 20, 24, 26, 30]. For this reason, we have used gracilis and 
semitendinosus tendons to perform ACL reconstruction since 
1993, obtaining highly satisfactory results. A further improve-
ment in ACL reconstruction would be to provide a more ana-
tomic reconstruction, reproducing the mechanical effect of 
both anteromedial and posterolateral bundles of the ACL.

The goal of this chapter is to describe a double-bundle 
gracilis and semitendinosus technique. This technique guar-
antees a more anatomic and strong ACL reconstruction.  
It also allows the surgeon to avoid using hardware for graft 
fixation.

Operative Technique for Hamstrings  
Double-Bundle ACL Reconstruction

Surgery is performed under general or spinal anesthesia, 
with the patient placed in a supine position on the operating 
table. After pneumatic tourniquet positioning and pre paration 
of the leg, we create the arthroscopic portals. We normally 
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use a medial suprapatellar portal for the water inflow, an 
anterolateral portal for the arthroscope, and an anteromedial 
portal for instruments.

After confirmation of ACL lesion and eventually the  
treatment of meniscal tears or cartilage injuries, the tibial 
insertion area of the ruptured ACL is prepared, as is the inter-
condylar notch. A true notchplasty is performed only in 
chronic cases to avoid impingement of the graft. Any soft 
tissue in the posterior part of the roof that can obstruct the 
“over-the-top” position must be carefully removed.

Harvesting of Gracilis and Semitendinosus 
Tendons

The semitendinosus and gracilis tendons are then harvested. 
The patient’s leg is placed in a figure-4 position, and the pes 
anserinus is located by following the hamstring tendons dis-
tally to their attachment to the anteromedial tibia. A small 
transverse incision (approximately 3 cm long) is then created 
on the anteromedial corner of the affected knee, over the pes 
anserinus.

Dissecting the subcutaneous tissue, a fascial incision is 
made parallel to the orientation of the pes tendons, and the 
gracilis and semitendinosus tendons are bluntly freed from 
the surrounding soft tissue and fascial attachments. Tendons 
are collected using a blunt tendon stripper (Acufex, 
Microsurgical, Mansfield, MA). This incision and instru-
ment allow an easy localization of tendons, prevent tendons 
tearing, and enable the surgeon to collect the entire gracilis 
and semitendinosus tendons.

The tendons are stripped, maintaining firm tension on the 
tendon distally and with knee in more than 90° flexion to 
facilitate the detachment of the tendon. Distally, the attach-
ment of the semitendinosus to the adjacent gracilis tendon is 
dissected free, thus gaining an additional 1 or 2 cm in length. 
The tibial insertion of tendons must not be disturbed, to 
maintain their neurovascular supply.

The harvested tendons are then sutured together using 
three nonabsorbable Flexidene No. 2 stitches (Laboratory 
Bruneau, Boulogne Billancourt, France). The sutures are 
tightened, particularly at the free proximal tendon ends, and 
looped around the edges of the tendon to obtain a sufficient 
strength to traction and to allow an easy passage of the ten-
dons through the tibial and the femoral drill holes.

Tibial and Femoral Tunnel Creation

A guide pin is positioned under arthroscopic visualization 
to locate the tibial tunnel in the medial posterior part of the 
ACL tibial insertion. For the femoral tunnel, the knee is 

positioned in less than 90° flexion, and the guide pin is 
inserted on the medial wall of the lateral condyle, approxi-
mately 5 mm anterior from the “over-the-top” position. 
When the guide pin is securely fixed in the bone, the knee 
is flexed around 130° and the guide pin is advanced until it 
passes the femoral cortex. The exit point on the lateral 
aspect of the femur should be immediately above the end 
of the lateral femoral condyle. This step could be per-
formed using a guide or touching the desired zone to orient 
the drill.

A reamer is inserted along guide pins set on the tibia and 
femur, under arthroscopic visualization, to create the femoral 
and tibial tunnel. The diameter of the reamer depends on the 
ligament diameter; we usually use a 7-mm reamer for the fem-
oral tunnel and an 8-mm reamer for the tibial tunnel. The 
reaming debris of the tibial tunnel is removed with a curette, 
and the sharp edges of the osseous tunnel are smoothed using 
a shaver. The shaver is also used to clean the joint from the 
osseous debris obtained by the femoral tunnel.

Reconstruction of the Anteromedial Bundle

A wire loop passer is then inserted from the tibial tunnel into 
the notch and, under arthroscopic visualization, brought out 
from the anteromedial portal. It will be used for graft passage 
through the tibial tunnel.

The knee is positioned on the operating table at 90° flex-
ion and the foot is externally rotated with the popliteal fossa 
free of pressure.

A 3–5 cm longitudinal incision is then made immediately 
above the lateral femoral condyle and through the iliotibial 
band. With electrocautery and scissors, the lateral aspect of 
the thigh is dissected to reach the lateral intermuscular sep-
tum. This septum inserts into the lateral femoral condyle and 
separates the vastus lateralis muscle above from the lateral 
head of the gastrocnemius muscle below. When the lateral 
intermuscular septum has been clearly identified, it is possi-
ble to reach the posterior aspect of the joint capsule passing 
over this structure. If it is not possible to reach the posterior 
capsule, the septum can be divided.

The correct placement of the “over-the-top” position is 
found palpating the posterior tubercle of the lateral femoral 
condyle with a finger. This maneuver also allows the surgeon 
to protect the posterior structures during the next step.  
A curved Kelly clamp is passed from the anteromedial portal 
into the notch, and the tip is placed against the posterior part 
of the capsule, as far proximal as possible. After the tip of the 
clamp is palpated from the lateral side of the femur, just pos-
terior to the intermuscular septum, it is pushed through the 
thin posterior layer of knee capsule, reaching the posterior 
space previously prepared.
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Fig. 1 Alternative technique for double-bundle hamstrings ACL recon-
struction: antero-posterior view

A suture loop is placed into the tip of the clamp, which 
is then pulled anteriorly through the anteromedial portal 
and placed into the wire loop previously inserted in the por-
tal. Pulling the wire loop from the tibial side brings the 
suture down in the tibial tunnel and out of the tibial inci-
sion, ready to pull the harvested graft. The stitches on the 
free end of the semitendinosus and gracilis tendon grafts are 
tied onto the passing suture, which is pulled through the 
knee joint. The graft is then retrieved from the lateral inci-
sion. At this stage, the graft is ready to be inserted through 
the femoral tunnel, to reconstruct the posterolateral bundle 
of the ACL.

Reconstruction of the Posterolateral Bundle

A suture loop is introduced into the joint through the antero-
medial portal using a suture passer and is then pulled into the 
femoral tunnel under arthroscopic view. The point of exit on 
the lateral aspect of the femoral shaft is reached, and the 
suture loop is pulled out from the lateral incision. The other 
side of the suture loop must be pulled down through the tibial 
tunnel, which is performed under arthroscopic control using 
a grasper.

The stitches on the free end of the semitendinosus and 
gracilis tendon grafts are looped again onto the passing 
suture, which is pulled through the femoral tunnel, knee 
joint, and tibial tunnel to retrieve the graft from the tibial 
incision (Figs. 1–3).

Fixation of the Reconstruction Substitute 
and Its Confirmation

The graft is now tensioned, and the knee is cycled through a 
full range of motion approximately 20 times, checking the 
isometry of the neoligament, the freedom for flexion and 
extension, and knee stability.

After this important passage, the combined gracilis and 
semitendinosus tendons are tensioned and secured with a 
transosseous suture knot (Fig. 3).

A hole is drilled, using a K wire on the anteromedial 
aspect of the tibia, and half of the sutures at the end of the 
harvested tendons are looped into the hole. The sutures are 
then tied securely on this bone bridge.

An intra-articular drain is threaded through the superome-
dial cannula, and additional drains are inserted in each 
wound. The iliotibial tract defect is then closed, taking care 
to prevent lateral tilt and patellar compression. The medial 
fascia over the pes anserinus is not closed, however, to avoid 
compartment syndrome.

Special Features of the Presented Technique

This ACL reconstruction method using double-bundle semi-
tendinosus and gracilis tendons try to reproduce the kine-
matic effect of both the anteromedial and posterolateral 
bundle of the ACL to have a more anatomic reconstruction. 
The first “over-the-top” passage of the hamstring tendons 
correspond to the anteromedial bundle, and the second 
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passage through the femoral tunnel corresponds with the 
posterolateral bundle. Moreover, a wider insertion area is 
used on the tibia with better press-fit of the tendons in the 
tibial tunnel.

The graft was chosen because the hamstrings allow different 
architectural reconstructions due to their length and versatility. 
Moreover, recent literature confirms the structural and mechan-
ical validity of this choice, especially when used in a double-
bundle method [2, 6, 8, 28]. Moreover, STG have biomechanical 
properties similar to those of ACL, and we agree with Kennedy 

et al. [12] and Noyes et al. [21] who substantiated the excellent 
properties of STG grafts for ACL reconstruction.

Furthermore, the use of hamstring tendon avoids the fre-
quent complications seen with patellar tendon reconstruction 
such as anterior knee pain, knee stiffness, and extensor appa-
ratus deficit [13–15, 19, 20, 24, 26, 30]. These complications 
can be dangerous in the high number of sportsmen, espe-
cially soccer players, that we normally treat.

This ACL reconstruction allows the preservation of 
 hamstring tendon insertion, which could improve the 

Fig. 3 Alternative technique for double-bundle hamstrings ACL recon-
struction: posterior view underlining the over-the-top passage

Fig. 2 Alternative technique for double-bundle hamstrings ACL recon-
struction: medio-lateral view after removing the medial femoral 
condyle
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neoligamentization process [31]. The “over-the-top” position 
used for the first passage guarantees a safe posterior position 
for the anteromedial bundle. Experimental and clinical stud-
ies have confirmed the validity of “over-the-top” positioned 
grafts [3].

The second passage in the femoral tunnel and the tibial 
tunnel permits a rigid fixation of the graft on the femur using 
a bone bridge that simulates expensive fixation devices cur-
rently on the market. The avoidance of hardware and the 
intrinsic architectural features of the technique itself permit 
adjustment, especially in bundle tension.

The two bundles in the joint are positioned in a more ana-
tomic fashion with respect to the classic four-bundle recon-
struction. This position should improve the kinematic 
performance of the grafts, because studies have shown that 
two-bundle reconstruction has better kinematic performance 
than single bundles, especially in rotation control [32].

The different sizes of the tibial tunnel with respect to the 
femur allow a better distribution and positioning of the ten-
don in the tibial insertion point, providing a wider insertion 
and better press-fit tendon fixation inside the tunnel. The 
only challenging step of this procedure is finding the correct 
location of the exit point of the femoral tunnel. This point 
should be on the lateral cortex not far from the end of the 
posterior condyles, very close to the “over-the-top” location. 
In this way, the trajectory of the graft is short and isometric 
and the risk that the backward tract of the graft will not enter 
in the tibial tunnel is avoided.

Distal fixation with a transosseous knot has been shown 
to be efficacious for graft stability [23, 25]. The three non-
absorbable sutures not only permit better sliding of the ten-
don in the tunnel, but also allow a good quality fixation, 
especially in the important first postoperative month. The 
transosseous knot, moreover, avoids the use of metal hard-
ware for the procedure. Hardware removal continues to be 
the most common reason for additional surgery using the 
hamstring tendons as a graft. Howell and Deutsch [10] and 
Howell and Taylor [11] reported the need to remove hard-
ware in 21% of their patients. Clark et al. [4] and Siegel and 
Barber-Westin [27] reported 22% and 26% hardware 
removal, respectively.

Some authors described different double-bundle tech-
niques using multiple grafts. Hara et al. [7] developed a 
reconstruction technique using a double bundle from the 
combination of BTB from the patellar tendon and semitendi-
nosus tendon. Although it is an interesting procedure from 
the kinematic perspective, the use of patellar tendon and 
semitendinosus tendon in the same surgical technique 
exposes the patient to increased morbidity and the loss of a 
potential second graft for an eventual revision. Moreover, the 
effect of the hardware used for fixation must not be underes-
timated. In conclusion, this ACL surgical technique includes 
the advantages of a four-bundle reconstruction with a better 

anatomic and functional performance. Moreover, it avoids 
the risk associated with metal hardware. It is also associated 
with a lower morbidity than other presented surgical 
procedures.
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Double Bundle ACL Reconstruction:  
“My” Viewpoint

John A. Bergfeld and Michael A. Rauh 

Traditional single-bundle anterior cruciate ligament (ACL) 
reconstruction outcomes have been “generally good.” 
However, some patients have noted residual instability and 
pain. Critical analyses of functional outcomes reveal no 
association with anterior to posterior laxity such as with 
a Lachman test or evaluation with a KT-1000; however, 
there has been an association with the “pivot shift” maneu-
ver. Thus, there has been a greater focus on rotational knee 
stability.

Recent investigations into the anatomy of the ACL dem-
onstrate that it has at least two functional bundles. Also, tra-
ditional single-bundle ACL reconstructive procedures have 
not reliably reproduced this normal functional anatomy. 
Some studies have indicated that a “more anatomic” recon-
struction may provide improved long-term outcomes. 
Additionally, some have postulated that arthritis that devel-
ops in some patients may be due to our failure to fully stabi-
lize the knee both from an anterior to posterior direction as 
well as from a rotatory standpoint.

Recent discussion regarding the double-bundle recon-
struction technique has centered on scientific investigation as 
well as expert opinion that such reconstruction reproduces 
normal anatomy more accurately, controls both anterior and 
rotatory laxity, improves functional results, and decreases 
the overall incidence of arthritis. However, these benefits 
have not been definitively proven to date.

Anatomy

One of the first studies to investigate the footprint anatomy 
of the ACL was by Girgis et al. in 1975. Locations were 
identified based on distances from anatomical landmarks. 
Analysis was based on visual inspection of a tense band of 
fibers in flexion. This study was seemingly the first to sug-
gest a “distinct bundle anatomy” to the anterior cruciate 
ligament [10].

Later investigation by Odensten and Gillquist in 1985 
further defined the footprint dimensions. Additionally, 
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histologic examination found connective tissue with 
blood vessels located between collagen fibers. However, 
there was no macroscopic or microscopic evidence that 
the ACL was separated into different bundles [23].

In 1997, Bernard et al. introduced the quadrant method 
for marking the femoral footprint. In this study, K wires were 
placed in the center of the ACL footprint and a lateral image 
was utilized to determine the “quadrant” [2]. The center of 
the ACL averaged to 24.8% from the posterior lateral femo-
ral condyle and 28.5% from the Blumensaat’s line.

Subsequent fetal anatomic and histologic analysis by  
Dr. Fu et al. suggested distinct bundle anatomy with a pos-
terior lateral as well as an anterior medial component [5, 8]. 
Further investigation created significant interest in this con-
cept and a critical reanalysis of our technique of ACL 
reconstruction [1, 3, 4, 11, 12, 14, 15, 20, 25, 30, 33, 40].

In 1996, Takahashi et al. applied the quadrant method to 
the bundle arrangement sites and performed lateral imaging. 
There was variability to the bundles; however, there was a 
definite trend toward the femoral insertion site of the poste-
rior lateral bundle being distal in orientation with respect to 
the anterior medial bundle. Additionally, the anatomy of the 
tibial footprint was noted [32] (Figs. 1 and 2).

Colombet et al. also performed a cadaveric study in 2006, 
addressing the locations of the anterior medial and posterior 
lateral bundles on both the tibia and the femur. The centers of 
the anterior medial bundle and posterior lateral bundle within 
the femoral notch again revealed variability. However, there 
was again demonstration that the posterior lateral bundle was 
best represented by a location that was more distal than the 
traditional ACL footprint (using traditional ACL reconstruc-
tion techniques) [6].

It is believed that although minor variability exists among 
the various studies regarding the anatomical footprint loca-
tions, ALL studies support the center of the femoral footprint, 

as well as the corresponding bundle footprints, it being more 
correctly located on the side wall of the lateral femoral notch.

What About the Biomechanics?

The fundamental principles of ACL function were estab-
lished in the 1980s. Contour plots were created on the femo-
ral footprints by Hefzy et al. Variations of ACL function were 
more dependent on anterior to posterior orientation rather 
than proximal to distal orientation [13] (Fig. 3).

Starting in the 1990s, cadaveric studies were published 
addressing the in situ forces within the anterior cruciate liga-
ment. Many studies utilized a six degrees of free -dom robotic 
manipulator. In this way, the in situ forces within the ACL 
bundles were determined. Sakane et al.  determined that the 
anterior medial bundles had higher forces and higher flexion 
angles while the posterior lateral  bundle was considered 
active at very low flexion angles [26].

In 2002, Woo et al. examined both hamstring and patellar 
tendon grafts for ACL reconstruction. In the study, femoral 
tunnels were drilled at the 1 o’clock position and were ten-
sioned to 44 N at 30° with a 67 N posterior tibial load. Grafts 
were loose at 30° of flexion. Under these conditions, both 
grafts did not replicate the kinematics of the intact ACL 
under a combined load [36].

In the same year, Yagi et al. performed a biomechanical 
analysis of the double-bundle ACL reconstruction compared 
to a 1 o’clock single bundle graft. The single bundle was 
tensioned to 44 N at 30° with a 67 N posterior force on the 
tibia. The anterior medial and posterior lateral bundles of the 
double bundle reconstruction were tensioned to 44 N at 60° 
and 15°, respectively, with a 67 N posterior force on the tibia. 
It was noted that the single-bundle reconstruction was more 
lax at 30° of flexion [37] (Fig. 4).

On the basis of these analyses, it was felt that a single-
bundle tunnel placement at 1 o’clock was suboptimal as the 
grafts were loose at 30° of flexion. The apparent conclusion 
at the time indicated that double-bundle reconstruction more 
closely replicated the normal ACL kinematics than tradi-
tional ACL reconstruction. This conclusion prompted addi-
tional study into the anatomy and function of the anterior 
cruciate ligament.

Zantop et al. in 2007 described the biomechanical func-
tion of the anterior medial and posterior lateral bundle of the 
anterior cruciate ligament. With forces that were meant to 
resemble a pivot shift maneuver, the posterior lateral bundle 
appeared to function in preventing the pivot shift phenome-
non [45] (Figs. 5 and 6).

In 2004, Tashman et al. studied the in vivo kinematics 
of the knee with a high-speed biplane radiographic sys-
tem. They found that single-bundle reconstructions of the 

Fig. 1 Quadrant method applied to ACL bundles (From Takahashi et al. 

[32]. With permission)
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Fig. 2 Anatomical location of 
femoral insertions of ACL 
bundles (From Takahashi et al. 
[32]. With permission)
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ACL sufficiently restored anterior to posterior translation; 
however, they were associated with increased tibial rota-
tion during treadmill running and in the study. The details 
of the reconstruction were not included; however, it likely 

represented a more traditional transtibial technique as the 
procedures had not been sufficiently able to restore normal 
kinematics of the knee joint. The conclusion drawn at this 
point was that “traditional single bundle” reconstructions 
were not sufficiently able to restore normal kinematics of the 
knee joint [34] (Fig. 7).

In 2004, Yamamoto et al. compared a double-bundle 
reconstruction to a “2 o’clock” single-bundle reconstruction. 
The single-bundle was tensioned to 44 N at 30° with a 67 and 
posteriorly directed force on the tibia. The anterior medial 
and posterior lateral bundles were tensioned to 22 N at 60° 
and 15°, respectively, with a similar force on the tibia. There 
was no significant difference found in function except for a 
1.3 and 1.5 mm anterior tibial translation at 60° and 90°, 
respectively. The statistical differences of 1.3 and 1.5 mm of 
anterior tibial translation were felt to be clinically insignifi-
cant. Additionally, there were no statistical differences noted 
with the “pivot shift” type of forces when subjected to this 
model. Thus, a conclusion from this study indicated that a 
well-positioned single bundle reconstruction could more 
closely replicate that of the double-bundle reconstruction 
and of the intact knee [39] (Fig. 8).

On the basis of these studies and others, we have 
learned that:

1. Anatomic studies support the footprint of both the ACL 
and the respective bundle being centered on the side wall 
of the lateral notch

2. A properly placed 2 o’clock graft eliminates the pivot 
shift and shows less than 2 mm difference in anterior 
translation at 60° and 90° of flexion

3. ACL fibers located within the femoral PL bundle  attachment 
site are most active in controlling the pivot shift
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To Double Bundle or Not to Double  
Bundle. That Is the Question

The question now arises; “What has this double bundled debate 
done for me?” We prefer to follow the advice of the late John 
L. Marshall (Founder and Director of the Sports Medicine 
Clinic at the Hospital for Special Surgery) – “Be SLOW to 
accept the new and discard the old; unless ‘appropriate studies’ 
warrant change…”. Current studies lack consensus, and indi-
cate often that “further studies are indicated.” There is felt to be 
increased surgical complexity with a double-bundle approach, 
and the revision potential being significantly more difficult 
may not justify any potential benefits from the procedure. 
Current studies have not shown significant clinical advantage 
of a double-bundle reconstruction over a single-bundle tech-
nique and controlled randomized studies continue to be needed 
to demonstrate the long-term results of this procedure.

This discussion has forced the operating surgeon to pay 
significantly more attention to ACL anatomy, in particular the 
two functional bundles and their respective femoral and tibial 
insertions. We are reminded of the famous quotation from 
Jack Hughston that “Whenever you are having your anatomy 
sessions, pay particular attention, because orthopedics is all 
anatomy, plus a little bit of common sense.” Through paying 
more attention to the femoral insertion sites, in particular with 
the knee in 90° of flexion, the operating surgeon has been able 
to have a more clear understanding of bundle anatomy and 
orientation. It is through this understanding, that there has 

been a greater emphasis on changing the location of the femo-
ral drill tunnel for single-bundle ACL reconstructions. There 
has been consensus to localize the intra-articular tunnel loca-
tion for the femoral tunnel more laterally down the wall of the 
notch. This is felt to better represent the mid-portion of the 
respective anterior medial and posterior lateral bundle 
locations.

Also, the operating surgeon has come to learn the limita-
tions of the transtibial approach using traditional over-the-top 
guides. There has been greater emphasis upon a femoral tun-
nel, which is significantly less vertical than traditional tran-
stibial methods have allowed. This emphasis on creating a 
femoral tunnel that is “further down the wall” has led to a 
greater appreciation for the instrumentation and application of 
the “Traditional Two-Incision Approach” (Figs. 9 and 10).

There has been significant industry support for the deve-
lopment of newer tools and instrumentation in an effort to 
better approximate the femoral ACL insertion anatomy when 
performing reconstructions.

However, questions regarding the double-bundle rem ain. 
It continues to be unproven that the double-bundle proce- 
dure will absolutely correct rotational instability. It remains 
unproven that the double-bundle reconstruction will decrease 
the incidence of osteoarthritis. Current studies demonstrate 
little or no improvement of clinical outcomes between 
“well placed” single- and double-bundle reconstructions [7, 9, 
 16–19, 21, 22, 24, 27–29, 31, 35, 38, 41–44, 46–49].

Additionally, the question remains regarding whether or 
not the general or the pubic surgeon can manage the techni-
cal challenge of performing double-bundle surgery? There is 
little consensus as to where the surgeon should proceed when 

Fig. 9 Instruments for a two incision ACL reconstruction (From 
Takahashi et al. [32]. With permission)

Fig. 8 Two o’clock single-bundle reconstruction (From Yamamoto et al. 
[39]. With permission)
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there are complications such as tunnel coalescence or fail-
ures such as reinjury and re-rupture. Further research and 
experience will help to clarify this controversy.
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All Inside Technique of ACL Reconstruction

Giuliano Cerulli, Giovanni Zamarra, Fabio Vercillo, Gabriele Potalivo, 
Alessandro Amanti, and Filippo Pelosi 

Introduction

Anterior cruciate ligament (ACL) injury is a common prob-
lem, especially in athletes. Rupture of the ACL affects knee 
stability, resulting in giving way symptoms in daily life and 
sports activities, an increased risk of meniscal injuries, and 
early degeneration of the injured knee [2, 8]. For these rea-
sons ACL reconstruction is today a common surgical proce-
dure. The results of surgical treatment seem to be better than 
conservative treatment and a large number of intra- and 
extra-articular procedures have been described [4, 5].

The goal of ACL reconstruction is to restore normal ante-
rior knee stability.

The success of reconstruction depends on three major fac-
tors: biological, mechanical, and rehabilitative ones. The sur-
gical outcome depends on the ability of the graft to reproduce 
the restraining action of the ACL and restore the normal kine-
matics of the knee [3, 4].

We describe a technique called the “All-inside” technique for 
ACL reconstruction. It is a double half-tunnel technique, one 
tibial and one femoral manually drilled tunnel in an in–out direc-
tion using a special instrument with two incision techniques.

Surgical Technique

Graft Harvest

After arthroscopic evaluation and treatment of possible asso-
ciated lesions, the semitendinosus or the gracilis are har-
vested through a small incision (usually 1.5 cm) at 2 cm 
medial to the tibial tubercle. The incision is made directly 
over the palpated tendons. The sartorius fascia is opened 
between the gracilis and semitendinosus. Using blunt dissec-
tion the semitendinosus tendon is freed from the bands that 
could cause a premature amputation of the tendon. The ten-
don is then released from its tibial insertion. Based on the 
length of the tendon it is triplicated or quadruplicated over a 
temporary suture loop and the size is measured.
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Arthroscopy

Using a lateral infrapatellar portal and a standard anterome-
dial access, chondral and meniscal lesions are treated, if indi-
cated. The notch is debrided and when it is possible, we leave 
the ACL remnant as suggested by Georgoulis et al. [6]. 
A bony notchplasty is not routinely performed. A drill guide 
is then used in order to insert a tibial and femoral pin-guide. 
The introduction point of the tibial pin-guide is 2 cm medial 
to the tibial tubercle with the knee flexed at 80°. The angle of 
introduction is 20° from the frontal plane and 45° from the 
tibial plateau. The femoral pin-guide is introduced out-in 
with the access at 2 cm proximal and 1 cm anterior from the 
lateral femoral epicondyle. Angulation is 40° lateral to the 
femoral axis and 45° laterally. Following the pin-guide direc-
tion, a femoral and tibial tunnel 4 mm wide is drilled out-in. 
In order to decide the endobutton loop length and prepare the 
graft, we do all the measurements at this step: tibial and fem-
oral hole length, intra-articular distance between the two 
holes, and external femoral cortex-skin distance. After mea-
suring the graft, it is finally harvested with an endobutton. 
Two polyester braided sutures (number 5 and number 2) are 
passed through the outside holes of the endobutton in order 
to pass the graft and flip the endobutton. A suture is placed 
on the graft to mark the femoral half-tunnel length.

Manual Drilling of Half Tunnels

Using a specific device (Fig. 1), the tibial and femoral half-
tunnels are manually drilled. The device consists of a drill 
guide 4 mm wide, with length marks (every 0.5 cm) and drill 
wings that can be turned out within the joint (Fig. 2). It is 
possible to choose between four different drill guides and 
wings ranging from 6 to 9 mm in diameter. The half tunnel is 
drilled manually in–out (Fig. 3) at a chosen length 

(25–30 mm) according to the graft. To maintain the position 
and the direction on the external femoral cortex, we fix a can-
nulated groove probe. This way we will obtain a femoral and 
tibial half tunnel ranging from 25 to 30 mm in length (Fig. 4). 
In an earlier study, we found that manual drilling led to con-
siderably less heat necrosis in the drill holes than power drill-
ing (Cerulli GC et al. 2005).

Graft Introduction and Fixation

The graft is introduced from the anteromedial portal. Two 
wires are passed through the femoral and tibial tunnels in an 
out-in way and their respective loops are pulled out from the Fig. 1 Specific device to drill manually femoral and tibial half-tunnels

Fig. 2 Using the probe, it is possible to turn out the drill wings inside 
the joint
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a

b

Fig. 3 (a, b) The half-tunnel  
is drilled manually in–out at a 
chosen length (25–30 mm) with 
the open wings. The half-tunnel 
diameter is based on the drill 
wing measures (from 6 to 9 mm)

anteromedial portal. The endobutton polyester braided 
sutures are passed through the loop of the femoral wire and 
then pulled out from the tunnel. The number 5 suture is then 
pulled to advance the endobutton through the tunnel. When 
the marking suture of the graft is inside the tunnel the num-
ber 2 braided suture is pulled to flip the endobutton device. 

The sutures at the tibial side of the graft are then passed 
through the loop of the tibial wire to insert the graft into the 
two half-tunnels. The graft is tensioned and tested with a 
probe (Fig. 5). Tibial fixation is accomplished using the 
Cobra Ligament Fixation Device [10] or tying the wires over 
a malleolar screw with a washer.

Fig. 4 The result is a femoral 
and a tibial half-tunnel, the 
length of which ranges from  
25 to 30 mm
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Clinical Study

Materials and Methods

Six hundred and twenty-two consecutive patients who had 
undergone ACL reconstruction using the all inside technique 
with the gracilis or the semitendinosus, both triplicated or 
quadruplicated, between March 2000 and April 2005 were 
included in the study. There were 395 males and 227 females 
with an average age of 23 years and 8 months (min. 17; max. 
43). Follow-up continued for an average of 48 months (min. 
24 max. 84).

The International Knee Documentation Committee 
(IKDC) questionnaire with the subjective knee evaluation 
was used for the clinical evaluation. Furthermore, functional 
biomechanical analysis was performed, including arthrome-
try, stabilometry, isokinetics, and gait analysis, to evaluate 
the knee joint stability, the position control ability, the recov-
ery of the knee flexor and extensor strength, and gait pattern 
recovery. The biomechanical analysis was performed at the 
“Let People Move” Biomechanical Laboratory in Perugia.

Arthrometry was performed by the same health care profes-
sional, using the KT 1000 to compare the joint stability of the 
operated knee with that of the healthy knee, considering the 
side-to-side difference at Manual Maximum. Each test was 
repeated three times and the average value of the three trials 
was recorded. For the evaluation, three set groups were made 
according to the differential values: first group differences 
equal or less than 2 mm (optimal result), second group differ-
ences greater than 2 mm but lower or equal to 4 mm (good 
result), third group differences greater than 4 mm (failure).

Stabilometry, to measure the position control capacity, 
was performed using a Bertec forceplate. The patient, bare-
foot, leaning on one leg with the knee bent at a 30° angle, 
was asked to stay in the same balanced position for 10 s; 
using a computer system to collect and process data, draw-
ings (ellipses) and numerical representations were created of 

the area of oscillation. The greater the area of ellipsis, the 
less was the capacity to control the position and hence the 
worse the result. Comparison was made between the oper-
ated and the healthy side.

The isokinetic evaluation for measuring the extensor and 
flexor force was performed using the isokinetic instrument 
Kin Com. The test was done on both sides in concentric and 
eccentric at 90°/s and at 180°/s with a knee joint range 
between 10° and 90°.

The peak strength values obtained for the flexor and 
extensor knee muscles of the operated side are compared and 
the ratio is expressed in percentages. The data of the oper-
ated side are also compared with the contralateral healthy 
one and this also is expressed as a percentage.

Gait analysis was performed using a synchronized system 
composed of force plates, a 3-D motion analysis system, and 
a 16 channel surface electromyography. The force plates 
measured the ground reaction force, the 3D Simi Motion 
system performed the kinematic analysis of the lower limbs 
with measurements of the average gait speed, the joint excur-
sion, and the angular speed, and the surface electromyo-
graphy measured the muscular electric activity. The values 
recorded for the operated side were compared with those of 
the contralateral healthy limb.

Results

Ninety-six percent of the patients expressed overall satisfac-
tion, with the result of the operation according to their expec-
tations and personal needs.

The IKDC questionnaire presented average scores of 
84.3. The knee was considered normal or near normal in 
94% of the cases.

The arthrometric evaluation with KT 1000 showed differ-
ences in the values for the anterior tibial shift at the side-to-
side Manual Maximum: less than 2 mm in 91% of the cases 
(optimal result), between 2 and 4 mm in 6% (good result), 
and differences greater than 4 mm (failure) in only 3%.

Stabilometry showed the average value of the ellipsis area 
in the operated side to be 250 mm2, and in the contralateral it 
was 260 mm2, with no significant differences compared to 
the healthy contralateral limb.

The isokinetic evaluation with Kin Com of the peak force 
of the concentric knee extensor and flexor force at 90°/s and 
at 180°/s, as well as the eccentric at 90°/s showed differences 
between the two sides to be lower than 10%, hence within the 
normal physiologic range. The eccentric evaluation at 180°/s 
demonstrated a 14% decrease in the quadriceps strength on 
the operated side compared to the healthy contralateral.

The gait analysis showed nearly complete recovery of the 
gait pattern.

Fig. 5 Arthroscopic view of reconstructed ACL
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Discussion

One of the controversial topics in ACL reconstruction is the 
choice of graft and its fixation. The perfect graft should 
reproduce insertion sites and biomechanics, provide biologi-
cal incorporation, and restore neuromuscular control [5].

The majority of orthopedic surgeons today prefer an 
autogenous graft. Historically, the patellar tendon has been 
the most popular graft. However, given the associated mor-
bidity, many surgeons have switched to autogenous semiten-
dinosus/gracilis (ST/G) tendons.

The four-stranded ST/G graft has many advantages over 
other grafts, including its strength. Biomechanical testing 
reported in the literature has shown the strength of a four-
stranded ST/G graft to vary from 3,880 to 4,213 N, which 
makes it approximately 240% stronger than the normal ACL 
[11] and at least 138% stronger than a 10-mm-wide patellar 
tendon graft.

The biggest advantage of the hamstring graft over auto-
genous patellar or quadriceps tendon grafts is preservation of 
the extensor mechanism [1]. As a result, postoperative prob-
lems such as patellar fracture, patellar tendon rupture, patel-
lar-femoral pain, patellar tendonitis, quadriceps weakness, 
and flexion contracture are minimized. Removal of one to 
two hamstring tendons brings problems too; however, Cerulli 
et al. have analyzed the ACL strain in vivo with a strain-
gauge device (DVRT) and used motion analysis combined 
with kinetic measures, evaluating ground reaction forces and 
muscular activities with electromyography (EMG). Their 
results showed that a contraction peak of the hamstrings 
occurred just before the time of ground reaction peak. This 
shows that the hamstrings anticipate the impact with the 
ground. This pattern proves the protective role of the ham-
strings on the ACL. Our conclusion is that the use of both ST 
and G is not an optimal solution for the knee biomechanics.

Conclusions

Our all inside technique for ACL reconstruction offers a reli-
able and reproducible technique with the possibility of adapt-
ing the half-tunnels to the graft length, thereby reducing bone 
loss, allowing the use of one single tendon triplicated or qua-
druplicated and improving the quality of the graft-bone contact 

area. Manual drilling could be considered an important factor to 
improve bone-graft integration, reducing the amount of necro-
sis provoked by the heat of the motorized drilling [7, 9]. 
However, before this technique can be generally recommended, 
we need to perform a prospective randomized study comparing 
our new technique with the earlier standardized techniques.

The clinical and biomechanical results show satisfying 
results in over 96% of the cases. Both the knee kinematics 
and the muscle condition of the operated limb are restored. 
These in turn influence positively the recovery of movement 
and sport gestuality as well as simpler activities such as 
walking.
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Allografts: General Informations  
and Graft Sources

Antonios Kouzelis 

Open your eyes; tell me what do you see?

Will you look at the world the same way as me?

Are you younger or older? Do you realize

The love that I witnessed through these two blue eyes.

Run cross the field; do you race with the team

Or go it alone as you follow your dream?

This is a poem written by a donor’s wife and dedicated to her 
husband who gave to another person the opportunity to see 
again with his eyes. Allografts of any kind are nowadays a 
reality that gives life or the ability to return to a normal life 
to millions of people.

Musculoskeletal allografts fill a unique void in the surgi-
cal practice of sports medicine and orthopedic surgery. Their 
use to replace and reconstruct injured or absent musculoskel-
etal structures has gained widespread acceptance by orthope-
dic surgeons. In fact, the use of musculoskeletal allografts is 
sometimes the only treatment option available for certain 
complex reconstructive procedures. The efficacy of allografts 
for anterior cruciate ligament (ACL) reconstruction [1, 3, 4, 8], 
meniscal transplantation [2, 7], and osteoarticular recon-
struction [6, 9] has been well documented. Allografts are 
commonly used during sports medicine surgical procedures 
in the USA, and their frequency of use is increasing. Based 
on surgeon reports, it is estimated that more than 60,000 
allografts were used in knee surgeries by members of the 
American Orthopaedic Society for Sports Medicine in 
2005. There is no question regarding the utility of allografts 
for surgeons, as the number of donors recovered annually 
continues to increase as does the number of musculoskel-
etal allografts distributed for implantation.

Tissue banks accredited by the AATB reported that they 
recovered 17,010 donors in 1996, 20,490 in 2001, and 23,295 
in 2003. In addition, the demand for allograft tissues from 
AATB-accredited tissue banks continues to increase, with 
337,338 musculoskeletal tissues distributed in 1996, 710,064 
in 2001, and 1,279,000 in 2003 [5]. Despite the increased use 
of musculoskeletal allografts by surgeons, many questions 
remain surrounding the use of allograft tissue.
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The ability of all connective tissue allografts to transmit 
disease has been well documented [6] Transmission of 
human immunodeficiency virus (HIV), hepatitis B virus 
(HBV) and hepatitis C virus (HCV),West Nile virus, bacte-
ria, and prions remains a major concern. Recently, public 
awareness surrounding the use of allografts has increased 
due to complications from implanting contaminated tissue 
and reports in the lay media about procedural irregularities at 
specific tissue banks. Many tissue banks have developed 
sterilization procedures to further ensure allograft safety. In 
addition, there is more federal oversight of tissue banks and 
improved donor screening and testing techniques, including 
use of nucleic acid testing (NAT) in hopes of minimizing the 
risk of disease transmission and infection from allograft 
tissues.

In 2006, the AOSSM conducted a survey of its member-
ship (365 respondents) regarding allografts [3]. The results 
indicated that the vast majority of respondents (86%) use 
allografts. Many surgeons (73%), however, reported con-
cerns about the safety of nonsterilized allografts in regard to 
disease transmission, but most (82%) were confident in the 
safety of sterilized grafts. On the other hand, the majority 
(81%) reported some belief that tissue quality was compro-
mised to some extent by sterilization processes. Although 
more than 75% of the sample reported only using allografts 
from banks accredited by the AATB, 21% of respondents did 
not know if their allografts came from AATB-accredited 
sources. The average respondent reported knowing very little 
about the proprietary sterilization processes currently avail-
able. In fact, 46% of the sample either did not know if the 
tissues were sterilized or did not know the specific steriliza-
tion process used.

This is most surprising information because it concerns 
the members of AOSSM who are the most experienced col-
leges in the use of allografts. This fact indicates that there is 
a lot of work that has to be done in order to have orthopedic 
surgeons well informed about the use of allografts.

The most well-known Tissue Banks are the EAMST, 
EATB, the BATB and of course the AATB, which is the most 
experienced association due to the big numbers of allografts 
used by the American orthopedic surgeons. The AATB con-
tinues to publish new accreditation policy requirements, new 
standards, and revisions to current standards.

Tissue Bank Regulation

The governmental authority for the regulation of mus-
culoskeletal allograft tissue by the Food and Drug Adminis-
tration (FDA) resides in the Public Health Service Act 
(PHSA) Section 361. This act authorized the commissioner 

of the FDA, by delegation of the secretary of the Department 
of Health and Human Services, to make and enforce regula-
tion to prevent the introduction, transmission, or spread of 
communicable diseases between states or from foreign 
countries into the USA. Tissues that are regulated are often 
referred to as “361 Tissues.” Details pertaining to previous 
FDA rules can be found elsewhere. In addition, all FDA 
publications are available online at http://www.fda.gov/
cber/tiss.htm. The FDA can discipline tissue banks with 
strict enforcement through different avenues such as warn-
ing letters, requiring recall of tissue, or, in rare cases, by 
shutting them down. In May 2004, the FDA published Final 
Rule: Eligibility and Determination of Donors of Human 
Cells, Tissues, and Cellular and Tissue-Based Products 21 
CFR 127150 requiring implementation by May 25, 2005. 
This was followed by Current Good Tissue Practice for 
Human Cell, Tissue, and Cellular and Tissue-Based Product 
Establishments; Inspection and Enforcement: Final Rule, 
which was published in the Federal Register on November 
24, 2004, also with implementation by May 25, 2005.47 
The draft Guidance for Industry: Eligibility Determination 
for Donors of Human Cells, Tissue, and Tissue-Based 
Products (HCT/Ps)49 was also published in May 2004. This 
document was recently finalized and became effective in 
August 2007.

Tissue Data Base

Tissue DB is a new service for tissue banks worldwide. It 
replaces the slow and complicated paperwork needed for 
documentation of the allografts. This system provides a lot 
of advantages such as, easy and efficient processing of tissue 
bank information, online management of tissue stock, search 
of suitable allograft, user-friendly statistical tools and graphic 
presentations, annual reports, and of course, reliable scien-
tific research due to the easy access to data.

Sports Medicine/Soft Tissue Allografts

There is a big variety of allografts that can be used in sports 
medicine. Some of them are : Tendon w/ Bone Block, Fascia 
Latae, Gracilis Tendon, Meniscus w/ AP Bone Block 
Meniscus w/ Hemi Plateau, Meniscus w/o Bone Block, 
Patella Tendon Hemi BTB, Patella Tendon Whole BTB, 
Peroneus Longus, Semitendinosus Tendon, Tibialis Tendon – 
Anterior, Tibialis Tendon – Posterior.

In order to provide some general information regarding 
the allografts and the graft sources we can answer some of 
the most frequently asked questions in that field.
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What is a bone or tissue allograft?
The bones or tissues that are transplanted from the body 

of one person to another person are called allografts. Tissue 
allografts can include: bones, heart valves, blood vessels, 
skin, and tendons.

Where do allograft bones and tissues come from?
Most allograft bones and tissues are obtained from 

deceased donors. Family members give consent to donate the 
tissues of their loved ones.

What laws and regulations govern the recovery, processing, 
and distribution of tissues in the USA?

Human tissues intended for transplantation have been 
regulated by FDA since 1993. In May of 2005, three new, 
comprehensive regulations went into effect that address 
manufacturing activities associated with human cells, tis-
sues, and cellular- and tissue- based products (HCT/Ps). 
The first requires that companies that produce and distrib-
ute HCT/Ps register with the FDA. The second provides 
criteria that must be met for donors to be eligible to donate 
tissues and is referred to as the “Donor Eligibility” rule. 
The third rule governs the processing and distribution of 
the tissues and is often referred to as the “Current Good 
Tissue Practices” rule.

Can allograft tissues transmit infections?
There have been rare instances where allograft tissues 

have transmitted infections to recipients. In most instances 
the infection was present in the donor at the time of death but 
was not detected. In some cases, tissues have been contami-
nated during removal, transport, processing, or storage. It is 
important to note that many of these instances have been 
investigated carefully and resulted in improvements to meth-
ods for screening and testing donors for infections, for pro-
cessing to prevent contamination, and for removing or 
inactivating organisms that may be present in allografts.

Who removes tissues from donors?
Tissues are removed by personnel working for tissue 

recovery agencies. Under federal law, these agencies must be 
registered with the FDA and must adhere to applicable FDA 
regulations that govern tissue recovery. These regulations are 
found in the Current Good Tissue Practices rule.

Where are tissues sent once they are removed (recovered)?
Tissues are sent to tissue banks for processing and distribu-

tion. Tissue banks are establishments that are regulated by the 
FDA. By law, any company that wishes to receive, process, or 
distribute tissues must register with FDA and must adhere to 
all FDA regulations governing tissue banking. These estab-
lishments are subject to regular inspection by the FDA.

What is done with tissues from eligible donors once they are 
removed?

After they are removed, tissues are subjected to one or 
more disinfection processes that are designed to kill or 
remove any bacteria, fungi, or viruses that might be present. 
Different companies use different methods to accomplish 
this goal, including rinsing with antimicrobial chemicals, 
sometimes under pressure, as well as irradiation. In some 
instances, multiple methods might be used. Various methods 
have different levels of effectiveness in killing or removing 
infectious organisms.

Tissue Processing

There are several tissue processing techniques such as The 
Allowash XG formula that is used and licensed by LifeNet® 
(Virginia Beach,VA), The BioCleanse tissue process is 
used at Regeneration Technologies Inc® (Alachua, FLa). 
nCryoLife® (Kennesaw, GA), NovaSterilis® (Lansing, NY) 
has developed a technique of sterilization using supercriti-
cal carbon dioxide at low temperatures [9] The MTF 
(Edison, NJ) does not terminally sterilize grafts with irra-
diation but uses a series of chemicals to treat most cortical 
and cancellous grafts. The important message neverthe-
less is that it should be understood that none of these tech-
niques have been proven to be more efficacious or effective 
in processing allograft tissue for human use. Long-term 
clinical studies will provide further enlightenment. It is 
also important to recognize that not all musculoskeletal 
allograft tissue can be safely sterilized. For example, the 
articular cartilage and chondrocytes present in osteo- 
ar ticular allografts can be irreparably harmed by these 
processes.

Patients who had tissue implanted more than 6 months 
ago should be offered the following tests: antibodies for 
HIV, hepatitis B, hepatitis C virus, a nontreponemal syphi-
lis test (e.g., RPR or VDRL), and a treponemal syphilis 
test (TP-PA or any ELISA test). If all of these tests are 
negative it is very unlikely that the recipient will contract 
any of these diseases from an implanted tissue that was 
potentially contaminated and no further  follow-up testing 
is necessary.

Patients who had tissue implanted less than 6 months ago 
can be offered the same series of tests as above immediately, 
but should also be re-tested 6 months after the tissue was 
implanted. Again, if all of these tests are negative 6 months 
after the tissue was implanted, it is very unlikely that the 
recipient will contract any of these diseases from an 
implanted tissue that was potentially contaminated and no 
further follow-up testing is necessary.

The AATB has established six steps in the tissue donation 
process in order to diminish the possibility of any kind of 
unfortunate incidents.
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Steps in the Tissue Donation Process

Step 1. Referral and Initial Screening

A referral is received from a hospital, medical examiner, 
funeral home, or possibly law enforcement authorities.

As a condition of receiving Medicare reimbursements, the 
Medicare Conditions of Participation (COP) regulations 
require hospitals to report all deaths to an OPO, tissue 
bank and/or eye bank.
Ninety percent of all referrals to AATB-accredited tissue 
recovery agencies come from hospitals
A central screening unit, staffed with trained individuals, 
receives the referral and makes the initial determination 
of donor eligibility based on certain basic criteria and 
available information (e.g., age, cause of death, immedi-
ate evidence of infection, etc.).
If the potential donor is ineligible (i.e., determined to be 
unacceptable), no contact with family members is made, 
nor is there any search of registries or for a document.

Step 2. Consent/Authorization Process

If the central screening unit determines that the deceased 
individual could potentially be a donor, a search of available 
donor registries and for a document of the gift may com-
mence. A trained requestor contacts the potential donor’s 
family to offer an opportunity to donate.

Consent must be obtained and documented according to 
AATB Standards for Tissue Banking and the state ana-
tomical gift law. AATB’s standards for consent are exten-
sive, and the AATB has had requirements for consent 
since the first edition of its Standards in 1984.
The AATB even requires its accredited tissue banks to 
provide follow-up services to donor families that might 
include outcome information, bereavement support, cop-
ies of the Document of Consent, guidance on contacting 
the tissue bank if questions arise, etc.
A proposal that the AATB strongly supported and lobbied 
for, the proposed 2006 Revision of the Uniform Anatomical 
Gift Act contains a new provision making it a crime to 
forge or falsify a document of gift in order to obtain a 
financial gain.

Step 3. Retrieval Process

Once consent is given or the authorization is verified, a 
recovery team is dispatched by the tissue bank responsible 
for the recovery (the recovery agency).

The recovery agency:

Assigns the potential donor a unique identifier so that the 
tissue can be tracked
Confirms the donor’s identity.
Verifies the consent/authorization and the tissues to be 
retrieved.
Reviews available donor information (i.e., relevant medi-
cal records).
Determines whether the recovery site is suitable and will 
not be a source of contamination.
Collects a blood sample to be used for infectious disease 
testing and, if indicated, a suitability evaluation of the 
sample is performed to determine the potential for plasma 
dilution.

In addition to testing for HIV 1/2, HBV, HCV, and syphilis, 
the AATB requires testing for HTLV-I/II and the use of NAT 
technology for HIV 1 and HCV.

Performs a full-body examination of the deceased and 
documents the physical assessment
Confirms critical time limits (i.e., time of death, asystole, 
or last time seen alive, whichever is earlier); body cool-
ing/refrigeration requirements; ability to recover tissue 
based on previous two times

Retrieves tissues using standard operating procedures (SOPs) 
and AATB.

Standards and published guidance documents:

Aseptic technique is utilized.
Skin is surgically prepped.
Retrieval team is gowned and gloved.
Donor’s body is draped using surgical methods.
Tissues may be cultured upon recovery, wrapped in a ster-
ile packaging system, labeled, identified as quarantined, 
and placed in storage, or immediately transported to a 
processor using appropriate environmental shipping con-
ditions for each tissue type.
All available relevant medical records are obtained and 
forwarded to the processors who receive tissues.
The donor is reconstructed in accordance with the 
 procedures/policies, unless there is a specific request 
from a medical examiner, pathologist, or funeral 
home.
Donor body is transported to requested destination.

Step 4. Donor Eligibility Determination: 
Screening and Testing

Donor registries and documents of gifts are sought out and 
examined.
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Medical history and behavioral risk assessment are 
obtained from the next of kin, friends, and/or other suit-
able historian.
Additional relevant medical records may also be secured 
for review as indicated (doctor, hospital, autopsy, etc.).
Infectious disease testing results performed on qualified 
blood specimen(s) are reviewed.
Testing laboratory must be registered with FDA and must 
be CLIA certified (or CMS equivalent) for performing 
communicable disease testing.
Test kits used for communicable disease testing must be 
approved, licensed, or cleared by the FDA for use as donor 
screening tests.
All the documents, histories, records, culture, and test 
results are reviewed. The eligibility determination is made 
by the Medical Director of the tissue bank.

Step 5. Tissue Processing

Donor is assigned a unique identifier by the processor (i.e., 
the processing tissue bank).

Receipt of tissue is documented (e.g., acceptable temper-
ature, condition of transport container, etc.).
Depending on the tissue type, it is either stored for pro-
cessing at a later date or, if applicable, time-sensitive pro-
cessing begins within established time limits.
If a recovery culture was not obtained then a pre-process-
ing culture is obtained and submitted to a CLIA-certified 
laboratory.
Tissue is processed in appropriate environmental condi-
tions (e.g., Class 100 or cleaner for cardiac and vascular 
tissue, and bacteriologically and climate controlled for 
other tissue types).
Processing is performed by methods validated to prevent 
contamination and cross-contamination.
Commingling or pooling tissues from more than one 
donor is prohibited.

The physical characteristics of the tissue are evaluated. 
Processing into specific allograft units/types/ forms is based 
on clinical need.

Specimen/graft sizing is performed.
Tissue is sterilized/disinfected using a variety of methods 
(e.g., irradiation, disinfection with chemical agents, heat, 
exposure to antibiotics, etc.).
Tissue is preserved (e.g., control-rate freezing, lyophiliza-
tion, dehydration, cryopreserved, etc.).

Appropriate processing time limits are followed, and pro-
cessing controls are observed and documented.

Tissue containers are inspected prior to use, and final 
packaging must be appropriate to the type of tissue.

Tissue is quarantined until final culturing and/or testing 
is/are conducted, and the tissue is labeled then released to 
inventory for subsequent distribution.
Tissue allografts are labeled.
If allografts require specific environmental controls (i.e., 
refrigerated or frozen), then storage temperatures are con-
trolled by monitoring and documented.

Step 6. Release and Distribution

Technical staff performs review of tissue suitability after 
processing.

There must be documentation by technical staff that the 
tissue meets specified technical parameters.
Quality assurance (QA) and quality control (QC) reviews 
must be performed prior to release of tissue.
Final donor suitability review is performed by the Medical 
Director (i.e., a licensed M.D. in good standing) or a 
licensed physician designee.
There must be documentation of each significant step of 
the process, from donor screening and testing, tissue 
recovery and processing through final distribution to a 
consignee or an end user.
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Allografts in Anterior Cruciate 
Ligament Reconstruction

Michael I. Iosifidis and Alexandros Tsarouhas 

Introduction

The patient’s occupation, activity level, and expectations 
determine mostly the decision for anterior cruciate ligament 
(ACL) reconstruction. Even if sedentary patients and those 
willing to modify their activities can consider nonoperative 
treatment, this injury results in increased risk for meniscal and 
chondral lesions and, subsequently, high possibility for early 
cartilage degeneration [11]. Consequently, ACL reconstruc-
tion is the method of choice, with no specific chronologic age 
as contraindication [42] and with numerous proce dures annu-
ally performed all over the world.

For most active patients, ACL reconstruction provides an 
excellent chance to return to their preinjury activities. The 
use of autologous grafts is very popular and there are many 
clinical studies reporting good results [13, 25, 26]. However, 
there are many second thoughts such as how to avoid autog-
enous tissue sacrifice and reduce donor-site morbidity [60]. 
Although patellar tendon has become the most common graft 
source for ACL reconstruction (bone-patellar tendon-bone/
BPTB autograft) [19, 41, 60], there are significant complica-
tions from the donor site, such as quadriceps weakness, 
patellofemoral pain, loss of range of motion (ROM), patella 
fracture, patellar tendonitis, patella infera syndrome, early 
cartilage degenerative changes, and arthrofibrosis [2, 28, 37]. 
On the other hand, hamstrings autografts (semitendinosus 
and gracilis) have also been popular as graft option, with 
functional results similar to BPTB but without the extensor 
mechanism deficit. However, it has been reported that there 
are some disadvantages including knee flexor strength, vari-
ability in hamstring size, fixation limitations, and delayed 
incorporation [1, 52, 62]. For these reasons, as surgeons try 
to limit the significant morbidity associated with autograft 
harvesting, the use of allogenic tissue from a cadaver has 
emerged as an excellent option [45]. However, ACL recon-
struction with allografts carries specific problems and, there-
fore, there is a dilemma when deciding graft type.

The advantage of no donor-site morbidity is the most 
important for allograft use. In addition, allografts offer larger 
graft sizes, which could be ordered, low incidence of arth-
rofibrosis, shorter operative time, and improved overall 
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 health-related quality of life. However, there are consider-
able disadvantages including cost, slower graft embodiment, 
and potential disease transmission (bacterial, viral, and prion) 
[19]. Thus, the optimal graft choice is still a matter of debate. 
One can say that the optimal graft should be able to repro-
duce the anatomy and biomechanics of the native ACL, be 
incorporated rapidly, provide strong initial fixation, and 
cause low donor-site morbidity. This chapter reviews the lit-
erature about the use of allografts in ACL reconstruction, 
reporting experimental, clinical, and comparison studies.

Allograft Sources

Usual allografts for ACL reconstruction are patellar liga-
ment, Achilles tendon, tibialis anterior, and posterior. The 
use of peroneus longus, hamstrings, and fascia latae has also 
been reported [36]. One study reported that the ultimate fail-
ure load for doubled tibialis anterior, tibialis posterior, and 
peroneus longus were 3,412, 3,391, and 2,483 N, respec-
tively. These values are almost the same or higher than the 
usual failure loads of all the currently described ACL graft 
sources [5]. Another study recommended the use of soft tis-
sue allografts such as tibialis anterior tendon or doubled STG 
rather than allografts with bone plugs such as BPTB and 
Achilles tendon. This is attributed to the slow incorporation 
of the allograft bone plug, the greater cross-sectional area 
available with the soft tissue allograft, and the fact that soft 
tissue grafts are more readily available since each donor pro-
vides six soft tissues but only four bone plug grafts [32].

Another issue that the surgeon should take into account is 
the possible graft-construct mismatch when ordering an allo-
graft. This obviously relates to BPTB allografts, for example, 
when a graft from a tall donor is used for a shorter patient. For 
this reason, it is better to provide the bone bank all the infor-
mation about the recipient’s height and length parameters of 
the graft in order to avoid any possibility of a significant graft-
construct mismatch.

Disease Transmission with Allografts

The main concern for patients, families, and physicians in 
cases of allograft ACL reconstruction is the possibility of 
viral or bacterial infection. Human immunodeficiency virus 
(HIV), hepatitis B (HBV) and C (HCV) viruses, human 
T-cell leukemia virus (HTLV), syphilis, aerobic, and anaero-
bic bacteria are the main pathogens implicated in allograft 
infection. Recently, additional concerns have been raised 
about newly emerging pathogens, such as the West Nile 
virus, the severe acute respiratory syndrome (SARS) corona-
virus, and prions, which are associated with transmissible 

spongiform encephalopathies, such as the Creutzfeldt–Jacob 
disease. The Centers for Disease Control and Prevention 
(CDC) defines allograft-associated infections as the ones 
that occur during the first year after implantation in patients 
with no known risk factors who are otherwise healthy. 
Bacterial or fungal infections commonly emerge with signs 
of inflammation or infection in or near the operative site. 
Positive wound or blood cultures are necessary to confirm 
the diagnosis. Viral or parasitic infections are followed by 
symptoms and signs characteristic of the infectious agent 
(e.g., fever, lymphadenopathy, weakness) and by positive 
serological or molecular test results.

Disease transmission during allograft transplantation can 
occur through two different ways. The first way is by trans-
mission from an infected donor as a result of an occult peri-
mortem infection, prolonged tissue recovery time, or a donor 
screening failure. Infectious agents may also come from the 
breakdown of the donor’s gastrointestinal or respiratory sys-
tem. The second way is by contamination by the healthcare 
provider during the tissue procurement, sterilization, and 
preservation procedure. In general, the risk of disease trans-
mission depends mainly on tissue type and preparation 
method.

There are no definite data available regarding the risk of 
disease transmission from allograft tissue transplantation. 
It is believed that such events are usually underreported and are 
difficult to confirm. Surveillance of adverse effects or disease 
transmission incidents after allograft implantation occurs, in 
most countries, in a voluntary basis. Buck et al. estimated 
that the risk of HIV transmission from an infected donor 
through transplanted tissue is approximately 1 in 1,667,000 
[8]. The risk of contracting hepatitis B or C is estimated to be 
much higher due to the greater prevalence of hepatitis in the 
general population. Current donor screening, sterilization 
and preservation techniques have diminished the possibility 
of distributing allograft material from donors with active 
viral infection. Concerns remain, however, regarding the ini-
tial “window period,” during which viral antigen or antibody 
levels may not be detectable despite infection. The applica-
tion of advanced serological testing, such as nucleic acid 
tests, has managed to decrease this “window period” to 
approximately 7 days for HIV and HCV and 8 days for HBV 
infection. The risk of implanting tissue from an HIV-positive 
donor is currently estimated at one in 173,000 to one in one 
million. The risk of implanting HCV-infected tissue is esti-
mated at 1 in 421,000 [69].

Bacterial infection following ACL reconstruction is 
another important concern. There have been several such 
reports of infections following allograft transplantation. The 
CDC reported in 2002 a total of 26 cases of bacterial infec-
tions associated with musculoskeletal allografts. Half of 
these cases involved contamination with Clostridium species 
[9]. Eight of the reported infections occurred after ACL 
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reconstruction using tendon allografts. Barbour et al. reported 
four additional cases of Clostridium septicum infection after 
ACL reconstruction [6]. In all of the above cases, disease 
transmission was attributed to the tissue processing condi-
tions. The postoperative infection rate following autograft 
and allograft ACL reconstruction was investigated by two 
large retrospective studies. Williams et al. [67] and Indelli 
et al. [21] reviewed 2,500 and 3,500 ACL reconstructions, 
respectively. The infection rates found were 0.3% and 0.14%, 
respectively. There was no significant difference in infection 
rates between autograft and allograft reconstructions. In a 
more recent study, Katz et al. also failed to find a higher deep 
infection rate in allograft compared to autograft ACL recon-
struction [27]. With the advent of more advanced steriliza-
tion methods, disinfection of musculoskeletal allografts from 
bacteria can be practically ensured.

Preparation of Allografts

The tissue preparation procedure can be divided into several 
successive steps. The first step is to prevent infected tissue 
from entering the donation pool through careful donor selec-
tion. The second step is to prevent contamination by ensur-
ing an aseptic graft procurement process. The third step is to 
eliminate any residual infectious agents. This is accom-
plished during tissue processing and final sterilization.

Appropriate donor selection is one of the primary ways to 
prevent disease transmission by allografts [17]. Most tissue 
banks accept donors from 15 to 50 years of age. The most 
important step is a careful history and identification of risk 
factors. Data concerning any communicable disease history 
or high risk behavior (intravenous drug use or traveling his-
tory to areas with high infection rate) are obtained by surviv-
ing family members, medical or blood donation records, 
physical examination, or even autopsy reports. The next step 
is testing for active infection. However, the “window period” 
for the detection of antibodies or viral antigens still limits the 
effectiveness of serologic tests, even with modern Nucleic 
Acid Tests used.

Tissue from accredited donors is procured in an aseptic 
environment. Standard operating room techniques are used, 
including prepping and draping. Time to harvest is also 
important to reduce the risk of infection. The time limit for 
most tissue banks is 12 h if the body is kept in room tempera-
ture and 24 h if the body is refrigerated [64]. However, asep-
tically recovered tissues should not be considered sterile. 
Therefore, the recovered tissues usually undergo chemical 
soaking with biologic detergents and antibiotic or antiseptic 
solutions to reduce their bio-burden. These solutions are 
mostly effective against surface contaminants since they lack 
tissue penetration. Surface swab cultures are also commonly 

performed to examine the presence of bacteria and fungi. 
The sensitivity of swab cultures has been found to range at 
best between 78% and 92% [65]. Consequently, it was sug-
gested that cultures should not be used as evidence of steril-
ization but only to monitor previously validated sterilizing 
procedures.

Human tissue grafts cannot be sterilized using methods 
applied to other implantable medical devices. In particular, 
the complex three-dimensional structure and the increased 
tissue density of musculoskeletal grafts make it difficult 
for reagents to penetrate tissue and to eliminate pathogens. 
Ideally, a sterilization process should provide a disease-free 
graft while preserving the mechanical properties and the 
incorporation characteristics of the graft. Additionally, the 
reagents used should penetrate adequately the tissue and 
should be safely removed from tissue without residue. Tissue 
banks currently use many different proprietary processes and 
protocols to achieve successful disinfection and sterilization 
of allografts. No such protocol to date has been shown to be 
superior. Governmental agencies, such as the FDA in the 
USA, do not dictate which protocol to be used. The FDA, 
however, requires that each tissue bank is in a position to 
prove the efficacy of the sterilization process used with vali-
dated data.

The process of removing contamination from allograft 
tissue is called disinfection. Sterility is defined as the process 
of killing all forms of life, including microorganisms. The 
effectiveness of the sterilization procedure is expressed by 
the sterility assurance level (SAL), which measures the like-
lihood that a viable pathogen exists in or on the allograft tis-
sue. Currently, most tissue banks attempt to reach a SAL of 
10−6, according to the standards set by the American Asso-
ciation of Tissue Banks (AATB).

The two main processes for sterilization are irradiation 
and proprietary chemical processing. Ethylene Oxide (EO) is 
an industrial fumigant originally used for sterilizing medical 
devices which was introduced into musculoskeletal allograft 
processing. EO has excellent external sterilization properties 
but does not penetrate tissue adequately. However, studies 
with ACL allografts processed with EO have shown poor 
results. A high rate of intra-articular reactions was recorded, 
including persistent effusion, chronic synovitis, bone disso-
lution, and ultimately graft failure [48]. Host tissue reactions 
caused by chemical residues left in moist tissue were consid-
ered responsible for these findings. It was also suggested that 
this agent is carcinogenic [57], although there is no evidence 
that EO processed allografts have induced cancer. The use of 
EO treated allografts is currently not recommended for ACL 
reconstruction [45].

Gamma-irradiation has been proven effective for steril-
ization through two different mechanisms: the generation of 
free radicals and the direct destruction of the organism’s 
genome. Doses of 40 kGy are required to neutralize HIV 
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from BPTB allografts [15]. Bacteria can be eliminated at 
lower doses. Studies, however, have indicated that there is a 
dose-dependent effect of irradiation on the biomechanical 
properties of the graft [50]. Doses as low as 25 and 40 kGy 
have been shown to alter significantly the tensile strength of 
ACL reconstruction allografts [35]. The mechanism by 
which this may occur is not well understood. It is possible 
that the collagen structure is affected by free radical produc-
tion. Other studies have suggested that doses less than 25 kGy 
have no effect on ACL reconstruction outcomes [47]. The 
gamma-irradiation dose that most tissue banks currently use 
ranges from 1 to 35 kGy.

In vivo studies comparing irradiated and nonirradiated 
allografts have shown disappointing results. A study of pati-
ents who underwent Achilles tendon allograft ACL recon-
struction found a significantly higher failure rate in the 
irradiated (dose 20–25 kGy) compared to the nonirradiated 
group (33% and 2.4%, respectively) [46]. A similar trend 
was confirmed in a goat model study of patellar tendon ACL 
reconstruction with irradiated (40 kGy) and nonirradiated 
allografts. Differences between the two groups were recorded 
in stiffness and maximum force but not in maximum stress or 
material properties [51]. Recently, the pretreatment of allo-
graft tissue with radioprotectant scavengers was introduced 
in an attempt to block the activity of free radicals and to 
mini mize the structural damage caused by irradiation [53]. 
Studies have shown that bone and tendon allografts irradi-
ated at high doses (50 kGy) after pretreatment with radiopro-
tectants demonstrated preimplantation properties similar to 
conventionally irradiated and nonirradiated allografts [18].

Allograft tissue can be preserved by three different meth-
ods: deep fresh-freezing, freeze-drying, and cryopreserva-
tion. Deep freezing is the simplest and most widely used 
technique. Tissues are stored after controlled freezing, at 
temperatures of at least −70°C to −80°C, which allows their 
preservation for 3–5 years [55]. This method has no effect on 
the strength of the graft [22] and it has been shown to reduce 
graft antigenicity by destroying class II major histocompati-
bility proteins [3]. Freeze-drying is also commonly used. 
It involves dehydration of the grafts during freezing in a vac-
uum to a residual water content level of less than 5%. 
Therefore, the grafts need to be rehydrated for at least 30 min 
before implantation, especially if they contain bone blocks 
along with the soft tissue. Viral load of infected tissue can be 
decreased to sub-infectious levels with this method [4], 
although this has been argued by other reports [12]. Graft 
antigenicity is also reduced with freeze-drying. This method 
allows for storage at room temperatures for up to 5 years. 
However, the time interval between procurement and implan-
tation has been positively correlated with allograft failure 
rates in ACL reconstruction, thus questioning the shelf life of 
freeze-dried tissues [58]. Clinical results of freeze-dried 
allografts have been successful overall [34], although slightly 

better results have been reported for fresh-frozen allografts 
[20]. The third method of tissue preservation is cryopreserva-
tion, which employs a controlled rate of freezing with a cryo-
protectant media but it has shown no known advantages over 
fresh-freezing while incurring a considerably higher cost.

Surgical Technique

There are no significant differences in surgical technique 
when using allografts. The most popular type of allografts, 
fresh-frozen, do not require rehydration and have good 
results in clinical and basic science research [20]. They also 
allow the use of identical instrumentation for autograft or 
allograft procedures and if there are bone-blocks, like BPTB 
grafts, there is excellent bone-to-bone healing and rigid 
interference fixation.

The graft is thawed when the evaluation under anesthesia 
confirms the ACL deficiency. It should not be placed directly 
into warm saline solution, because it can become edematous 
and hypertrophy. It is best thawed by keeping the tendon in 
the plastic bag while in the solution. Alternatively, thawing 
the graft can begin once diagnostic arthroscopy confirms the 
ACL rupture. The thawed allograft is evaluated to confirm 
tissue integrity and quality. Soft tissue size (length and diam-
eter) is measured and recorded. If we have a patella tendon, 
its central third is harvested similarly to autograft harvest. To 
avoid splintering, care should be taken to avoid forcible 
levering of the bone plugs from their beds. If a soft tissue 
graft is used, the thawing process is the same. The rest of 
ACL reconstruction technique steps are almost the same 
when using autografts. For the double-bundle technique, soft 
tissue allografts (most popular tibialis anterior or posterior) 
provide an excellent graft source for both surgical process 
and final functional result [63].

Biomechanics and Biology  
of Allograft Healing

The major factors that contribute to a successful allograft 
implantation are sterility, reduction of antigenicity, and pres-
ervation of the biomechanical and biologic properties of the 
graft [61].

Allograft antigenicity is based on class I and II antigens 
encoded by genes of the major histocompatibility complex. 
Antigenic epitopes may be present on donor cells in the liga-
mentous or bone components and also inside the matrix of 
the allograft. Fresh and cryopreserved allografts contain via-
ble donor cells and are most likely to elicit a host immune 
response. Deep-frozen and freeze-dried allografts are rela-
tively hypocellular. However, they have also been shown to 
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cause a detectable immune response [68]. A T-lymphocyte 
cell-mediated response is the principal mechanism of host 
rejection, which may often mimic infection or mechanical 
failure [59]. The clinical consequences of such a response 
are currently unknown.

Allografts, in general, heal in the same manner as autografts: 
donor cell death is followed by inflammation, revascularization-
repopulation, and finally remodeling of the graft. In the case of 
deep-frozen or freeze-dried allografts, donor cell death has 
already occurred before implantation. Tendon allografts heal 
through the formation of fibrovascular scar tissue at the graft-
tunnel interface followed by the formation of Sharpey’s fibers 
and new bone production. Bone blocks contained in allografts 
first undergo osteonecrosis followed by incorporation of the 
graft by the surrounding host can cellous bone. The intra-
articular part of the graft acts as a  collagen scaffold for host 
cells to repopulate. Graft revascu larization occurs from the 
infrapatellar fat pad distally and the posterior synovial tis-
sues proximally [39]. Finally, collagen remodeling involves 
the replacement of the original large-diameter fibrils with 
smaller-diameter ones.

The incorporation rate of graft tissue may be an important 
consideration when determining graft choice, rehabilitation 
protocol, or time to return to play. Compared to autografts, 
allografts were found to demonstrate a prolonged inflamma-
tory response, a greater decrease in structural and mechani-
cal properties and a slower rate of biologic incorporation 
after implantation [23]. Allogenic tendons also demonstrated 
a slower onset and rate of revascularization [38]. Greater 
bone tunnel enlargement observed after allograft ACL recon-
struction may also suggest suboptimal healing of allograft 
tissue [14]. Although allografts seem to lose more of their 
time-zero strength during remodeling, this has not been asso-
ciated with a poorer prognosis [24]. The general conclusion 
is that allografts seem to heal in the same pattern but at a 
slower rate than autografts.

Clinical Studies Comparing Allograft 
and Autograft Use in ACL Reconstruction

A true prospective, randomized clinical trial of autograft ver-
sus allograft ACL reconstruction is difficult because graft 
choice is influenced by patient age, activity level, comorbidi-
ties, and preoperative evaluation, as well as by surgeon pref-
erence and experience. Patients should be informed about all 
the possible risks and benefits of each option. In addition, 
there are specific limitations including the several different 
scoring scales, the different kinds of patients with different 
prognoses, and different surgeons or rehabilitation regi-
mes [16]. During the last years, the international literature 
 presented 14 published clinical comparative studies about 

allograft and autograft use in ACL reconstruction (Table 1). 
Most of them reported little differences in a long-term basis 
[19, 31, 33, 41, 43, 49, 54, 56]. However, some studies have 
reported high rupture rates postoperatively with allografts 
[10, 60] and others have suggested that use of allograft 
should be reduced due to increased laxity over time [66]. It is 
also important to say that all the comparative studies used 
allografts with bone-blocks (mostly BPTB) and there is a 
significant lack of comparisons between soft tissue allo- and 
autografts, which would be extremely useful for evaluating 
the double-bundle technique. In specific reviews and meta-
analyses, the literature moves from accepting the use of 
allograft tissue to be much more favorable than unfavorable 
[36], into presenting the autografts as graft of choice for rou-
tine ACL reconstruction with allografts better reserved for 
multiple ligament-injured knees where extra tissue may be 
required [44]. In another review, ACL reconstruction with 
BPTB autograft was favored over BPTB allograft for graft 
rupture and hop test parameters. However, in the latter study, 
the irradiated and chemically processed allografts were 
excluded and the results were not significantly different 
between the two graft types [30].

Early in the 1990s, Lephart et al. [33] looked at 33 active 
male patients (mean age, 24.3 years) who had ACL recon-
structions 12–24 months earlier using BPTB autograft 
(N = 15) or allograft (N = 18). They retrospectively compared 
quadriceps strength and functional recovery and found no 
significant difference between the groups in either of these 
parameters. They concluded that harvesting the central third 
of the patellar tendon does not diminish quadriceps strength 
in demanding active patients who have intensive rehabilita-
tion. However, the study was retrospective and did not report 
selection criteria of each group.

During the same period, Sademmi et al. retrospectively 
reported the results of 50 patients (31 autograft and 19 
allograft patients) who underwent arthroscopic BPTB ACL 
reconstruction [49]. They analyzed each group regarding 
hospital stay, swelling, thigh atrophy, laxity, strength, endur-
ance, range of motion, patellofemoral symptoms, and com-
plications after a minimum follow-up of 2 years. They found 
no significant difference between the groups with regard to 
perioperative morbidity and clinical image. There was one 
traumatic rupture in each group. Two allograft patients dem-
onstrated persistent effusions, which were statistically sig-
nificant (p < 0.05). This study is limited by its retrospective 
design and small sample (N = 50). Additionally, there was no 
subjective or functional evaluation and no description of 
group characteristics, such as activity level.

Shino et al. [56] evaluated 92 patients who had an ACL 
reconstruction before 18–36 months (45 patients received 
BPTB autograft and 47 fresh-frozen allograft). They found 
that the anterior laxity and knee extensor torque were signifi-
cantly better in the allograft group. However, there are again 
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Table 1 Results of clinical studies comparing allograft versus autograft ACL reconstruction

Study Graft type No Mean age 
(years)

Follow-up Most important results/conclusions

Allo Auto Allo Auto

Lephart et al. [33] BPTB BPTB 18 15 24.3 12–24 m No significant difference in 
quadriceps strength and functional 
recovery

Sademi et al. [49] BPTB BPTB 19 31 23 Minimum 
2 years

No significant difference in periopera-
tive morbidity and last clinical image

Shino et al. [56] BPTB BPTB 47 45 18–36 months Anterior laxity and knee extensor 
torque significantly better in the 
allograft group

Harner et al. [19] BPTB BPTB 64 26 23.9 3–5 years No significant clinical differences 
between patients with autograft versus 
allograft BPTB ACL reconstruction

Stringham et al. [60] BPTB BPTB 31 47 25 34 months Autograft BPTB first choice for ACL 
reconstruction, and allograft tissue 
preferred graft choice when autograft 
contraindicated or in multiligament 
injuries

Shelton et al. [54] BPTB BPTB 30 30 27 25 2 years BPTB autograft and allograft ACL 
reconstruction with statistically 
similar results at both 2 and 5 years 
and allograft an acceptable choice for 
primary ACL reconstruction

Victor et al. [66] BPTB BPTB 28 6, 12, 
24 months

No significant differences between 
groups in thigh muscle strength, knee 
anterior laxity, functional scores, 
one-leg hop test, knee swelling, or 
quadriceps atrophy

Kleipool et al. [29] BPTB BPTB 36 26 28 Minimum 
4 years

BPTB allograft was a good alternative 
for ACL reconstruction

Peterson et al. [41] BPTB BPTB 30 30 28 25 63 months No differences except for a greater 
loss of extension in autograft group 
compared to the allograft group but 
without clinical significance

Chang et al. [10] BPTB BPTB 46 33 33.1 27.8 Minimum 
2 years

No significant differences in the 
subjective scores, in Lachman and 
pivot shift tests, knee anterior laxity, 
crepitus, atrophy or joint effusion. 
Autograft BPTB “gold standard,” 
allograft reasonable alternative

Kustos et al. [31] BPTB BPTB 53 26 25.6 24.5 38 months No differences in Lysholm, Tegner 
activity and IKDC score. BPTB 
allograft is good alternative to 
autograft

Barrett et al. [7] BPTB BPTB 38 25 47.1 44.5 Minimum 
2 years

No functional differences. Both grafts 
highly effective

Phoehling et al. [43] Achilles 
soft tis.

BPTB 41 118 29.7 25.4 4.2 years 
sub/2.2 years 
obj

Similar long-term results in stability 
and function. Patients with allograft 
had less pain and functional limita-
tions in the early p.o.

Rihn et al. [47] BPTB BPTB 39 63 44 25.3 4.2 years Similar patient-reported and objective 
outcomes with both grafts

Ozenci et al. [40] BPTB BPTB 20 20 30.2 29.5 Minimum 
12 months

Auto- and allograft reconstructions 
not different from each other and 
controls according to proprioceptive 
measurements
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considerable limitations such as that they included only the 
subjects who were rated as successes and also that the 
allograft group included more acute cases and less meniscec-
tomies than the autograft group. Finally, all patients had a 
cast immobilization for 5–19 days, so it is difficult to gener-
alize their results as currently we use more aggressive 
rehabilitation.

More recently, Harner et al. [19] reviewed the clinical 
results, after 3–5 years, of 64 patients with allograft BPTB 
ACL reconstruction and 26 patients with autograft BPTB 
ACL reconstruction. Detailed symptoms, activity level, func-
tional outcome, physical examination, and instrumented knee 
laxity were recorded. The only significant difference was 
found in the extension loss which was higher in the autograft 
group. The ultimate conclusion of the study was that there 
were no significant clinical differences in outcome between 
patients who underwent autograft or allograft BPTB ACL 
reconstruction. Although this study had detailed methodol-
ogy and long-term follow-up, there were also limitations 
including that the rehabilitation program was less aggressive 
than the ones commonly used today. Most importantly, the 
groups were not identical, as 81% of the allograft group had 
acute injuries compared to only 4% of the autograft group.

In the same period, there was a retrospective study not 
favorable to the use of allograft for primary ACL reconstruc-
tion [60]. Seventy-eight patients were examined 34 months 
following ACL reconstruction with BPTB autograft (47 
patients) or allograft (31 patients). It was important that the 
two groups were matched in demographic details (age 
25 years), activity level, time from injury to surgery, associ-
ated injuries, and the type of fixation used on both tibial 
and femoral sides. No significant differences were reported 
between groups in subjective results, joint effusion, knee ten-
derness, range of motion, patellofemoral scores, laxity, knee 
muscle strength, or quadriceps atrophy. The authors, however, 
recorded two trends of potential significance. Eighty percent 
of autograft versus 70% of allograft recipients achieved good-
to-excellent restoration of anteroposterior stability (<3 mm 
side-to-side laxity difference), and patients from the allograft 
group showed favorable results in concentric peak extension 
torque at 60°/s. There were four traumatic ruptures only in the 
allograft group at an average of 11 months p.o. For these rea-
sons the authors concluded that autograft BPTB was their first 
choice for ACL reconstruction and allograft tissue was the 
preferred graft choice only when the use of autologous tissue 
was contraindicated or a knee had multiple ligament injuries. 
Although this study was well designed, it was biased as one-
third of patients were lost in the follow-up, and again there 
was no randomization.

In a prospective but nonrandomized study, two groups 
with 30 patients each underwent ACL reconstruction with 
BPTB allografts and autografts [54]. They were followed for 
2 and 5 years. At 2 years there was no difference in pain, 

giving way, motion, or patellofemoral crepitus. The groups 
were well matched for most characteristics but there were 
24 acute injuries in the autograft group and only 15 in the 
allograft group. The authors concluded that BPTB autograft 
and allograft ACL reconstruction produced statistically simi-
lar results at both 2 and 5 years and that allograft was an 
acceptable choice for primary ACL reconstruction. However, 
they did not use a validated questionnaire or a functional 
score.

In another prospective study, Victor et al. [66] followed 
73 patients after ACL reconstruction using a BPTB autograft 
or allograft. They found no significant differences between 
groups in thigh muscle strength, knee anterior laxity, func-
tional scores, one-leg hop test, knee swelling, or quadriceps 
atrophy. Interestingly, the allograft group showed slightly 
greater quadriceps strength and reduced anterior knee laxity 
at 6 and 12 months, but in 24 months these parameters were 
better for the autograft group. Although KT-1000 evaluation 
showed no significant trend of increasing laxity with time in 
the allograft group, the authors concluded that allografts are 
not recommended as stability deteriorates with time and that, 
by 2 years, quadriceps strength returns to normal following 
autograft ACLR.

Kleipool et al. [29] prospectively followed 62 patients 
who underwent ACL reconstruction with either fresh-frozen 
BPTB allograft (36 patients) or autograft (26 patients). All 
the patients had similar age, activity level, and associated 
injuries. In addition, the preoperative examination revealed 
worse Lachman and anterior drawer tests for the allograft 
group. At a mean follow-up of 4 years, normal or nearly nor-
mal IKDC scale had been achieved in 70% of the autograft 
group and 85% of the allograft group. The Lysholm score 
averaged 95 in the autograft group and 94 in the allograft 
group. No differences in Lachman, anterior drawer, pivot-
shift and one-leg hop tests, or KT-1000 side-to-side laxity 
were detected between groups. Mild-to-moderate anterior 
knee pain was found in 42% of autograft and 53% of allograft 
recipients. The main conclusion was that BPTB allograft 
was a good alternative for ACL reconstruction.

More recently, Peterson et al. [41] compared, in a pro-
spective nonrandomized trial, 30 BPTB allografts and 30 
BPTB autografts. At a mean follow-up of 63 months, patients 
were assessed through Lysholm and Tegner scores and recor-
ded the swelling, pain, range of movement, crepitus, and lax-
ity using a KT-1000. There were no differences. Additionally, 
there was no increase in knee stretching in allografts group 
after 2 years p.o. Although the authors did not explain the 
exclusion criteria for choosing 60 patients from the total of 
119, they concluded that the use of allografts is an acceptable 
choice for ACL reconstruction.

Chang et al. [10] retrospectively reviewed 46 patients 
with BPTB allografts and 33 with BPTB autografts after a 
minimum 2-year follow-up period. One surgeon performed 
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the reconstruction and in all cases there was augmentation 
with iliotibial band tenodesis. They found no significant dif-
ferences in the subjective scores in Lachman and pivot shift 
tests, knee anterior laxity, crepitus, atrophy, or joint effusion. 
The allograft group had three traumatic ruptures, nonsignifi-
cantly higher incidence of anterior knee pain, and a signifi-
cantly higher incidence of flexion deficit (although this was 
only 5°). On the basis of these results, the authors suggested 
that autograft BPTB should remain the “gold standard,” but 
allograft remains a reasonable alternative. However, the 
allograft group was older; it had greater preoperative laxity 
and a higher rate of medial tibial plateau chondral lesions.

On the contrary, Kustos et al. [31] after a retrospective, 
nonrandomized trial concluded that BPTB allograft is a good 
alternative to autograft and should be offered to patients as 
an alternative graft choice. They compared 26 patients with 
BPTB autograft with 53 patients with allograft. All the 
patients were young (25 years) and at a mean follow-up of 
38 months an independent examiner checked the Lysholm 
knee scoring scale, the Tegner activity score, and the IKDC 
knee ligament evaluation form. There was no difference in 
all the above scores but the study had significant limitations 
such as no data of patients’ characteristics apart from age 
and gender and no report of associated injuries.

Barrett et al. [7] recorded the results of patients 40 years or 
older having at least a 2 -year follow-up after BPTB autograft 
or allograft ACL reconstruction. There were no differences in 
a self-reported questionnaire and in Tegner activity and 
Lysholm scores too. IKDC functional levels were normal or 
nearly normal in 87% of patients in the allograft group and in 
96% of patients in the autograft group. KT-1000 side-to-side 
differences were 1.46 mm for the allograft group and 
0.104 mm for the autograft group. Interestingly, patients in 
the allograft group returned earlier to activities. The authors 
concluded that both graft choices were highly effective.

Poehling et al. [43] compared prospectively 41 patients 
with freeze-dried Achilles tendon allografts (without bone-
block) and 118 BPTB autografts for up to 5 years of follow-
up (average of 4.2 years for subjective measures and 
2.2 years for objective measures). Patients were evaluated 
preoperatively and postoperatively at 1–2 weeks, 6 weeks, 
3 months, 6 months, and then annually for 5 years. Objective 
outcome measures included KT-1000 measurements, range 
of motion, quadriceps atrophy, and IKDC score. Subjectively, 
patients completed five questionnaires documenting func-
tional status, pain and health-related quality of life. Their 
results led to the conclusion that despite differences in graft 
type, fixation, and treating surgeon, similar long-term results 
in stability and function were achieved with BPTB autograft 
and Achilles tendon allograft reconstruction of the ACL. 
However, patients treated with allograft reconstruction had 
less pain and functional limitations in the early postopera-
tive period.

In 2006, Rihn and al. [47] reviewed, retrospectively, the 
results of 63 patients with BPTB autograft ACL reconstruc-
tion and 39 patients with BPTB allograft sterilized with 
2.5 Mrad of irradiation at an average of 4.2 years of follow-
up. They reported that allograft group were significantly 
older (44 years versus 25 years) and had a longer delay from 
injury to surgery (17.1 weeks versus 9.7 weeks) but had no 
difference in IKDC subjective knee scores (86.7 for allograft 
versus 88 for autograft). Clinical evaluation recorded no sig-
nificant difference in patellofemoral symptoms, range of 
motion, vertical jump. or single-legged hop tests. The 
allograft group had slightly improved side-to-side pivot-shift 
results and a reduced KT-1000 maximum manual side-to-
side difference. They concluded that similar patient-reported 
and objective outcomes can be obtained with both autograft 
and allograft BPTB ACL reconstructions.

Finally, a retrospective study about the restoration of pro-
prioception after ACL reconstruction with BPTB autograft 
and allograft was conducted by Ozenci et al. [40]. They com-
pared four groups of 20 subjects each including ACL defi-
cient, autograft reconstructed and allograft reconstructed 
patients and healthy controls. Auto- and allograft reconstruc-
tions were not different from each other and controls accord-
ing to proprioceptive measurements. They also reported that 
proprioception was not correlated to postoperative anterior 
knee laxity. Although their study was retrospective and selec-
tive in nature, with a relatively small number of patients, they 
concluded that auto- and allograft ACL reconstructions are 
identical according to proprioceptive functions.

Conclusions

ACL reconstruction is a usual procedure for sports medicine 
orthopedists today. Autografts and, more specifically, the 
“golden” standard BPTB and hamstrings tendons have good-
to-excellent results in terms of knee stability, patient satis-
faction, and return to athletic activity. However, autografts 
and especially BPTB could cause specific donor-site mor-
bidity and for that allografts have become an alternative 
option. Allografts have the advantages of no donor-site mor-
bidity, shorter operative time, small incisions, easier and 
possibly less painful rehabilitation, and no size restrictions. 
However, questions remain concerning the actual risk of 
infection and disease transmission after implantation. Even 
if there is significant progress in screening, processing and 
sterilization techniques, the risk has not been eliminated. 
Additionally, when using allograft tissue, one must be aware 
that it may generate a low-level immune response. It has also 
been reported that allografts have delayed embodiment time 
and greater cost, and that the mechanical and biologic eff-
ects of the sterilization processes on allograft tissue remain 
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unknown. Overall, the choice of graft material depends on 
surgeon and patient preference since no graft can match 
completely the biomechanical properties and function of the 
native ACL.
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Costs and Safety of Allografts

Athanasios N. Ververidis 

The use of allograft tissues is becoming increasingly  
popular, with widespread use among orthopedic surgeons, 
particularly in knee surgery. In 2005, more than 60,000 
allografts were used in knee surgeries by members of 
the American Orthopaedic Society for Sports Medicine 
(AOSSM) [24, 39]. Allografts have been in vogue in ortho-
pedic medicine for over 20 years; however, questions regard-
ing the safety and cost still remain [19].

Costs of Allografts

First of all, it must be pointed out that it is illegal to buy or 
sell human organs or tissues. Costs for recovering organs and 
tissues for donation are never passed on to the donor or the 
donor family. Many protocols are followed by tissue banks 
to ensure safety.

Tissue banks insist on professional expertise in maintain-
ing uniform and standardized donor, screening, testing, 
quality control, and state-of-the-art applications of process-
ing procedures. They also explore advancements in the areas 
of tissue sterilization and incorporation of bone grafts into 
the body. Tissue banks must also keep abreast of the devel-
opment of new products, processing procedures, and Food 
and Drug Administration (FDA) regulations regarding good 
manufacturing processes. All these efforts represent the costs of 
providing the utmost safety in allograft tissue. These expenses 
are then passed on to the hospital, surgeon, or recipient. Costs 
are kept at a minimum, but must cover personnel and ser-
vices in the areas of acquiring, processing, and storage of the 
allograft [1].

According to Vangsness et al., the average approximate 
costs of fresh-frozen tissue were $800 for Patellar Tendon 
Allograft, $615 for Achilles tendon, and $640 for Menisci 
[41]. The expenses relating to surgical fees have not been 
addressed in the literature. There is a study by David W. Cole 
et al. which presents cost comparisons between autograft and 
allograft Anterior Cruciate Ligament (ACL) reconstructive 
procedures in patients who underwent un complicated pri-
mary ACL surgical treatment [11]. The reconstruction of the 
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ruptured ACL using allograft Achilles tendon was found to 
be less expensive than the use of a bone-patellar tendon-bone 
autograft. The direct surgical fees for the allograft procedure 
were less than $1,000. The majority of the cost savings for 
allografts can be attributed to shorter operative time and the 
lesser likelihood of overnight admission. Nevertheless, this 
is partially offset by the cost of the allograft itself.

Safety of Allografts

As the use of allograft tissue continues to increase, the 
safety of allografts will remain an issue of paramount impor-
tance [39].

Disease Transmission from  
Musculoskeletal Allograft Tissue

The potential for disease transmission is of greatest concern 
to clinicians and patients. There are several types of infec-
tions that can result from the use of these tissues. These 
include bacterial surface contamination and viral or spore 
transfer [19].

The most common type of infection is bacterial. This is 
caused by contamination of the graft or the wound. Viral 
infection, hepatitis B and C infection, and HIV-1 and HIV-2 
infection are also causes for concern. Tuberculosis from 
allograft use has not been reported in the past 50 years [19].

Disease transmission occurs in two principal ways: Either 
through an infected donor or during tissue procurement, pro-
cessing, or packaging. Transmission of an infectious agent 
through an infected donor results from contamination from 
infectious bacteria in the blood either as the result of pro-
longed tissue recovery time, occult perimortem infection, or 
a screening failure [24].

The transmission of disease or infection by the donor to 
the recipient is always a risk when resorting to the use of 
allografts, but the prevalence is low, being lower than the risk 
of transmission by the transplantation of organs [36]. Since 
1988, only eight cases of bone transplantation-associated 
HIV infection have been reported although bacterial allograft 
infection is more common [22]. Gamma irradiation of 
allografts is not effective in HIV inactivation at the levels 
currently used. Therefore, good screening procedures are the 
most effective means for providing the safest possible 
allografts [17, 18, 29, 34]. Tomford et al. found an incidence 
of infection related to the use of allografts of 5% in patients 
who had treatment for bone tumors, and of 4% in those who 
had revision of a hip arthroplasty [37].

Bacterial Infection from  
Musculoskeletal Allograft Tissue

Historically, the transmission of bacterial infection from 
musculoskeletal tissue has been a rare event. The risk of bac-
terial infection from allograft tissue is unknown because of 
several factors: lack of a standardized procurement protocol 
for tissue harvesting, failure of surgeon to recognize or con-
firm the allograft as the source of infection, and lack of 
reporting when this complication does occur. However, bac-
terial infections resulting from allograft contamination may 
have serious and even fatal consequences [8, 9].

A case of septic arthritis was reported in year 2000 in a 
16-year-old girl who had a Bone Tendon Bone (BTB) ante-
rior cruciate ligament (ACL) reconstruction. Pseudomonas 
aeruginosa, Staphylococcus aureus, and Enterococcus faeca-
lis were obtained from cultures. A few days later, a 40-year-
old man who received a BTB allograft was diagnosed with 
septic arthritis. P. aeruginosa was cultured. Two more cases 
were reported during the same year: Septic arthritis appeared 
in a 55-year-old woman who received a BTB allograft. 
Citrobacter werkmanii, and group B hemolytic Streptococci 
were cultured. Additionally, septic arthritis developed in a 
29-year-old woman from an ACL reconstruction with a BTB 
allograft. Klebsiella oxytoca and Hafnia alvei were cultured. 
Since that cluster of infections, the need for guidelines on 
screening, disinfecting, sterilizing, and discarding poten-
tially contaminated allografts was recognized. It was clear 
that a stringent certification mechanism for tissue banks was 
necessary, with a system for reporting and investigating 
infections. In addition, safe and effective sterilization meth-
ods had to be developed for musculoskeletal tissue [7].

In year 2001, the Center for Disease Control and Prevention 
(CDC) reported the case of a 23-year-old man who under-
went reconstructive knee surgery in Minnesota. He was the 
recipient of a femoral osteochondral allograft infected with 
Clostridium sordellii and died 3 days after the surgery. 
Another recipient from the same donor developed a nonfatal 
septic arthritis [6, 9].

Following these events, the CDC solicited additional 
reports of allograft-associated infections through electronic 
list servers, Morbidity and Mortality Weekly Report, and 
by contacting the FDA and state regulatory authorities. 
Up to March 2002, 26 cases of bacterial infections associ-
ated with musculoskeletal allografts had been reported. 
Clostridium species was isolated in 50% [20]. As it is 
likely that a number of cases were not reported, the num-
ber of allograft-acquired infections may actually be higher. 
The involved allografts included frozen or fresh tendons 
for ACL reconstruction, fresh femoral condyles with 
articular cartilage, frozen bone, and meniscii. All of these 
transplanted tissues had been  processed aseptically but 
did not go through terminal sterilization.
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In response to these reports, additional steps to reduce the 
risk of allograft-associated infections have been taken: These 
included the use and validation of destructive and swab cul-
tures, the elimination of tissues in which bowel flora was iso-
lated, and the review of the time limits for tissue retrieval. 
Despite these measures, additional infections have been 
reported. In September 2003, a 17-year-old patient who had 
received a cadaver graft for ACL reconstruction was reported 
to develop septic arthritis. Steptococcus pyogenes was iso-
lated. During the following 4 years there was a single report 
of a musculoskeletal allograft-associated bacterial infection 
in year 2006. This infection occurred after a soft-tissue 
allograft was used for knee ligament reconstruction and was 
related to Chryseobacterium meningosepticum [9].

Studies of bacteriologic cultures on preprocessed mus-
culoskeletal allograft tissues have also reported high rates 
of bacterial contamination in processed musculoskeletal 
allograft tissue. Malinin et al. reported an 8.1% incidence 
of Clostridium species contamination, most commonly 
Clostridium sordellii, in musculoskeletal allograft tissue 
[23]. It should be pointed out that the use of terminal ster-
ilization methods such as gamma-irradiation (GI) can 
mainly ensure bacterial sterility. This is not the case for 
viral transmission.

Viral Transmission from Musculoskeletal 
Allograft Tissue

Viral transmission through allograft tissue is extremely low. 
Musculoskeletal tissue transplantation has resulted in several 
reported cases of viral infection, specifically with viral hepa-
titis, human immunodeficiency virus (HIV) and Human 
T-lymphotropic Virus (HTLV). It should be noted that these 
transmissions occurred before the implementation of guide-
lines for donor screening for viruses and bacteria, and before 
the availability of currently validated serological tests [40].

The current risk of contracting HIV from a musculoskel-
etal allograft has been estimated to be 1 in 1.6 million [4, 24, 
28]. The risk of contracting Hepatitis B Virus (HBV) and 
Hepatitis C Virus (HCV) is much higher than the risk of HIV: 
the current risk of transmitting HCV from unprocessed  
tissue is 1 in 421,000 [24].

Shutkin, in 1954, was the first to report the transmission of 
a viral infectious disease with the use of a musculoskeletal tis-
sue. The graft had been obtained from an unprocessed, frozen 
proximal metaphysis of an above-the-knee amputation. The 
donor was a 73-year-old man with no previous history of hep-
atitis or jaundice, and had normal liver-function tests [32].

There are four reports that have documented the transmis-
sion of hepatitis C through transplantation of musculoskeletal 
allografts. The first documented transmission of hepatitis C 

was reported in 1992 [14]. This was a patient, with no previ-
ous risk factors. He had received a frozen unprocessed femo-
ral head from an infected donor who had been transfused 
5 years earlier, with no previous history, signs or symptoms 
of hepatitis. The second reported case of hepatitis C infection 
came from a retrospective study in 1992 [26]. No clear con-
clusions could be made in this case because the recipient had 
also had a previous history of blood transfusions during a 
coronary-artery bypass and two primary hip replacements. 
The third case was reported in 1995 [12]: A second- 
generation assay (HCV 2.0) had become available at that 
time, with the advantage of being more sensitive than the 
first-generation assay (HCV 1.0). Two donors that had previ-
ously been tested negative with the HCV 1.0 were found to be 
positive with the HCV 2.0. Three patients who had received a 
nonradiated frozen proximal femur, and two BTB ACL grafts 
from the second donor were positive. None of these recipi-
ents had previous risk factors. The conclusion was that the 
second donor may have transmitted hepatitis C virus. The 
fourth case was reported in 2003 [10]: A patient who had 
received a BTB allograft developed acute hepatitis C. The 
donor was a man in his 40s with no history, signs, or symp-
toms of hepatitis and previous negative tests for hepatitis. The 
investigation was performed by the CDC by retesting the 
stored samples of the donor with a third-generation enzyme 
immuno-analysis. This showed that the donor was negative 
for anti-HCV but positive for HCV-RNA.

HTLV infection after transplantation of frozen allografts 
was first reported in Sweden in 1993 [30]. A retrospective 
analysis was performed on 16,000 sera from blood donors. 
One case was found to be seropositive for HTLV-1. All  
16 recipients of this donor were tracked to be tested, and 
only 1 had seroconverted. He was a 76-year-old patient who 
had received a femoral head bone graft to fixate a loose 
acetabulum during a revision hip arthroplasty. The donor had 
undergone a total hip arthroplasty and the femoral head was 
donated to the bone bank, where it was kept deep-frozen for 
1 month before implantation.

HIV transmission through transplantation of musculoskel-
etal allografts has been documented twice in the USA: The 
first report was that of a young woman who had received a 
femoral head allograft from an infected donor, during spinal 
fusion for idiopathic scoliosis in 1984 [5]. The donor was 
tested and found to be positive for HIV after the implantation. 
Both donor and recipient died of complications related to the 
disease. The donor had not been tested for HIV before dona-
tion; he had a history of intravenous drug abuse and had been 
biopsied for lymphadenopathy a few months before donation. 
Following this case report, most tissue banks started screen-
ing for the virus. This was not, however, sufficient to stop the 
risk of transmission. The second HIV transmission occurred 
after transplantation of a bone allograft in 1992 [5]. This 
patient had no previous risk factors and developed HIV after 
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receiving an infected femoral head during revision hip arthro-
plasty in 1985. The donor had been a 22-year-old man with-
out risk factors and with negative serum tests for HIV. Another 
four recipients of the kidneys, liver, and heart from the same 
donor became infected. In addition, three recipients of frozen, 
unprocessed musculoskeletal allografts contacted the disease 
(both femoral heads and one BTB graft). However, there was 
no transmission in 25 recipients of freeze-dried bone chips, 
freeze-dried segments of fascia latae, tendon, and ligaments.

Proper donor screening and tissue processing are of para-
mount importance for the prevention of viral disease trans-
mission. However, human error make disease transmission 
still possible and window periods for infection exist when 
detection may be missed by serological tests (7 days for HIV 
and HCV, 8 days for HBV) [37].

How to Avoid or Diminish Infection

The best measures that should be taken to avoid infection or 
diminish its incidence, when dealing with bacterial cultures 
at the extraction, storage, and implantation stages of the 
allografts, are careful donor selection and application of rou-
tine sterile techniques. Routine culturing of allografts tissue 
in OP room immediately before implantation is not currently 
recommended [4, 24]. For the limitation of infection during 
allograft procedures, it is important to ensure that the tissue 
bank that the patient or the hospital is using is official [19].

Tissue Banking and Regulation

A tissue bank is defined as an organization that provides 
donor screening, recovery, processing, and storage or distri-
bution of allograft tissue. There are multitissue banks that 
supply musculoskeletal grafts and there are also dedicated 
musculoskeletal tissue banks. The American Association of 
Tissue Banks (AATB) is a private nonprofit peer group orga-
nization that was founded in 1976 after the model of the 
AATB. It is a scientific, standards setting organization founded 
to promote the transplantation of cells and tissue while main-
taining quality, minimizing risk to recipients, and maximiz-
ing tissue quantities sufficient to meet demand nationally. 
This association has become a source of information and 
advice to tissue banking and affiliated organizations in the 
industry of tissue and cell transplant. The AATB provides 
certification of personnel and accreditation of organizations 
that recover and process tissue by publishing standards 
designed to maintain a safe and adequate supply of trans-
plantable cells and tissue. The AATB standards describe 
recovery methods, processing, preservation, and distribu-
tion of transplantable tissue. These published standards are 

specific to transmissible disease screening; donor selection 
criteria; required bacteriological testing; staff training; 
record-keeping; and maintenance of asepsis, labeling, and 
storage. These standards meet or exceed the final rule issued 
by the USFDA CFR 21 1271 (good tissue practices). All 
donation programs have implemented standardized donor 
screening protocols as the result of FDA requirements, and 
all AATB-accredited organizations have additional minimum 
standards incorporated into their policies. Additional proto-
cols vary and may include age criteria for specific circum-
stances. As noted previously, the donor age criteria example 
for sports medicine use is continually being reevaluated and 
adjusted. It is also important for the surgeon to know the  
tissue bank from which the tissue came [25, 35].

Regulation About Suppliers

In the USA, the AATB requires that its members perform full 
screening that meets US FDA requirements; however, sec-
ondary sterilization of the grafts is still optional. We should 
know that not all tissue banks are members of AATB, and not 
all tissue banks are inspected [2]. The AATB now requires 
accredited banks to use nucleic acid testing (NAT) for HCV 
and HIV [2, 24].

The 2004/23/EG guidelines issued by the European 
Parliament and ratified on March 31, 2004 define the quality 
and safety standards for the donation, procurement, testing, 
processing, preservation, storage, and distribution of human 
tissues and cells [13, 27]. A review by Vangsness et al. in 
2003 describes the process of procurement, processing, and 
storage, and is recommended to be read by anyone who is 
using allograft tissue [42].

In another article by David McAllister et al., the current 
concerns of sports medicine surgeons are reviewed, prob-
lems associated with allograft usage are identified, the cur-
rent regulations concerning allograft tissue are sited, and 
updated information regarding sterilization processes is pro-
vided [24].

Screening

The AATB has formulated guidelines for their members; 
these guidelines recommend donor screening.

Screening Steps

The first step in donor screening is to obtain consent from the 
donor. This may be voluntary or may be done by a request 
made to the family.
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Second step: A history from the donor’s primary care-
giver, which should include a listing of any prior infection 
and risk factors such as male homosexuality, sex for money, 
illegal drug use, and hemophilia.

Third step: A physical examination should be performed 
to assess the donor for needle wounds or evidence of 
infection.

Fourth step: Screening tests are performed on tissue and 
blood for hepatitis (B and C) HIV, T-lymphotropic virus and 
syphilis infection. The donor tissue should be obtained asep-
tically. The tissue should then undergo secondary steriliza-
tion. Secondary sterilization would eliminate all possibility 
of infection while maintaining all biologic and mechanical 
properties of the tissue. Nevertheless, no technique currently 
exists that fulfils these requirements [2, 19].

Procurement

Tissues from donors without risk factors are generally pro-
cured in an aseptic environment. Allografts are procured 
through body donations recovered from donors in the operat-
ing room or morgue of hospitals. Most of the banks (89%) 
obtain donors through Organ Procurement Organizations 
(OPOs) which are responsible for identification of potential 
donors and discussion of donation with the patient’s family 
members [41]. This information is obtained via interview 
with the patient or next of kin.

Current serological screening involves serologic tests for 
HIV-I/II antibodies, HIV antigen, polymerase chain reaction-
HIV, hepatitis B surface antigen, hepatitis B surface antibod-
ies, hepatitis B core antibodies, HCV antibodies, HTLV I/II 
antibodies, and the rapid plasma regain test for syphilis. Most 
of the tissue banks accept donors from 15 to 50 –year- olds 
[41]. The AATB requires that tissue excision shall commence 
within 15 h of death. If the donor is procured at room tem-
perature, the time limit for most of the banks is 12 h and for 
refrigerated donors, 24 h [38, 41]. Tissues are kept in quaran-
tine on an average of 5 weeks (range 14 days–4 months) until 
all serologic test results are available [41]. Most banks culture 
tissues by swab technique and/or by destructive culturing. 
However, culturing remains under controversy because stud-
ies have shown that cultures are only 78–92% accurate [43].

Sterilization-Radiation

Sterilization means inactivation or killing of all forms of life. 
The ideal method should provide a disease-free graft, with-
out compromising the mechanical characteristics or biologic 
incorporation. Currently, there is no ideal method to sterilize 
soft-tissue allografts [3, 21]. In view of this problem, 3 main 

chemical methods of sterilization have been developed: 
Allowash TM formula® (Lifenet, Virginia Beach, Virginia), 
BioCleanse Process® (Regeneration Technologies, Inc., 
Alachua, Florida), and Clearant Process® (Clearant, Inc., 
Los Angeles, California) [15, 21]. The Allowash TM formula 
utilizes ultrasonics centrifugation, and negative pressure in 
combination with reagents such as biological detergents, 
alcohols, and hydrogen peroxide. BioCleanse sterilization 
process is used in the final steps of processing and avoids the 
use of excessive heat, irradiation, or ethylene oxide. It has 
been used to effectively clean bone (similar to a dishwasher), 
and has been reported as having no significant weakness of a 
BTB graft. Clearant is a technique that uses high-dose 
gamma radiation (5 Mrad) in a propriety solution of dimethyl 
sulfoxide (DMSO), ethylene glycol, and a sugar solution  
[3, 15, 21, 39].

It is important for the surgeon to be aware of the changes 
in biomechanics that may occur with the use of either chemi-
cals or irradiation. Secondary sterilization with either ethyl-
ene oxide or irradiation causes biologic and biomechanical 
damage to the tissue. It should be recognized that allografts 
may become weaker after this sterilization and they may take 
longer to incorporate into the bony tunnels [15, 21]. Currently, 
the average recommended dose of irradiation used in the 
USA is 1–2.5 Mrad (10–25 kGy) (low-dose radiation). This 
dose is effective in eliminating bacterial surface contamina-
tion, but doses more than 3 Mrad are required to kill viruses 
[15, 24]. However, there are pressures to Tissues Banks to 
develop chemical techniques that make tissues even safer 
without degrading either the biologic or biomechanical qual-
ity of the tissue. Therefore, the safety issue must constantly 
be balanced against efficacy.

Storage

Like sterilization, a perfect storage option does not exist. 
There are a number of methods and federal guidelines for 
storing tissue after procurement. These methods are as fol-
lows: fresh allograft, fresh freezing, cryopreservation and 
freeze drying (lyophilization) [3, 19, 42]. Fresh grafts are 
implanted shortly after harvest. With fresh grafts, concern 
for disease transmission exists due to lack of secondary ster-
ilization and storage processing. Freezing fresh allografts 
between temperatures of −80° to −196° allows for storage 
of up to 3–5 years, however, the process kills the cells. 
Cryopreservation is a process by which the tissue under-
goes controlled-rate freezing while cellular water is extracted 
by glycerol and dimethylsulfoxide. The graft has a shelf life 
of 10 years and up to 80% of cells can remain viable. Freeze 
drying or lyophilization is an additional storage option. This 
process results in a residual moisture level of about <5%.  
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An advantage of this process is that the graft can be stored at 
room temperature for up to 3–5 years [4, 31].

Factoring Relative Risk

The relative risks of viral infection following blood trans-
fusion are as follows: hepatitis B 1/63,000, hepatitis C 
1/100,000, and HIV 1/1,000,000. In comparison, the risk 
of HIV infection after bone transplantation is 1/1,500,000. 
The risk of HIV after soft tissue transplantation with sec-
ondary sterilization is 1/1,600,000. To put all this informa-
tion in the proper perspective, one should remember that 
the risk of death due to pregnancy is 1/10,000, from admin-
istration of penicillin is 1/30,000, and with oral contracep-
tives is 1/50,000 [19].

In summary, allograft safety has improved greatly over 
the last 15 years and is a valuable treatment option for 
today’s orthopedic practice. The American Academy 
believes allografts to be safe if used within the guidelines, 
when they are supplied by an accredited tissue bank, and if 
the appropriate surgical techniques are employed [16].
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Introduction

Allografts were first used in reconstructive surgery of the 
knee early in this century. Their widespread use and accep-
tance paralleled the development of modern tissue banks 
and our increased understanding of the immune system. The 
use of allografts in sports medicine is becoming increasingly 
popular. The majority of indications are related to the use of 
soft tissue grafts for ligament reconstruction, osteochondral 
(OC) allografts for articular surface reconstruction, and 
meniscal allografts for meniscal transplantation. The advan-
tages of allograft tissue include the absence of donor site 
morbidity, shorter operative times, ease of sizing, and 
absence of clinically significant immunologic reactions. 
These advantages should be weighed against the risk for dis-
ease transmission, increased cost, and increased time of 
graft incorporation.

There is an increasing amount of science and literature 
dealing with healing and outcomes, but many questions still 
remain. There are number of issues, controversies, and lack 
of long-term outcomes to make definitive statements on what 
is really known about allograft use in sports medicine. 
Therefore, this issue is dedicated to discuss the allografts in 
knee ligament reconstruction.

In recent years, the use of tendon allografts in knee liga-
ment reconstruction has increased significantly. A survey by 
the American Association of Tissue Banks showed that 7,525 
tendon allografts were distributed in the USA in 1993 [16] 
whereas, approximately 750,000 allografts were distributed 
in 1999 [11].

The importance of knee stability to the long-term function 
of the knee has been well established. Chronic knee instability 
is associated with an increased frequency of meniscal tears 
and the development of osteoarthritis over time. Treatment 
options include rehabilitative exercises, bracing, and surgical 
reconstruction. Surgical reconstruction is most often required, 
especially for young, active patients with soft tissue grafts. 
The graft options for the reconstruction of knee injuries avail-
able include autograft and allograft tissues as well as synthetic 
ligaments. Autograft options include the patellar, hamstring, 
and quadriceps tendon. Synthetic ligaments are classified as 
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scaffolds, stents, or prostheses. The prototype is the carbon 
fiber scaffold ligament. The scaffold stimulates fibrous tissue 
ingrowths and contributes to the ultimate strength of the new 
ligament. A stent supports and protects autograft tissues dur-
ing the healing phase, when the autogenous tissue is weakest 
[19]. Allografts offer several tissue choices, including patellar 
tendon, quadriceps tendon, fascia latae, hamstring tendon, and 
Achilles tendon. Surgeons who use allografts should make 
sure that the tissue bank supplying their graft adheres to any 
applicable guidelines of the Food and Drug Administration 
and the American Association of Tissue Banks, and uses top-
quality testing procedures.

Properties and Clinical Applications

The decision to use a knee ligament allograft depends on 
several factors, including patient and surgeon preference, the 
particular ligament being reconstructed, the availability of 
suitable autogenous tissue, and the availability of a safe, high 
quality source of allografts. The optimal allograft material 
should have structural properties similar to those of the native 
ligament; these properties should be present at the time of 
graft implantation and persist throughout the incorporation 
period. The ideal material also should allow secure fixation, 
permit rapid biologic incorporation, and limit donor site 
morbidity. Nonetheless, the sterilization method is also an 
important factor that affects structural properties [17]. 
Historically, the high-dose radiation used for sterilization of 
allografts resulted in weakened structural properties of the 
graft tissue. The alternative use of ethylene oxide steriliza-
tion resulted in adverse surgical reactions, most commonly 
chronic effusions. Ethylene oxide does not alter the mechani-
cal properties of the graft and can effectively remove micro-
organisms. However, the chemical residue that ethylene 
leaves behind can cause chronic synovitis and subsequent 
graft failure [6]. The current sterilization techniques are cry-
opreservation and gamma radiation. Cryopreservation has 
been shown to have no effect on the structural properties of 
ligaments, tendons, or meniscal tissue. Gamma radiation is 
an effective method of sterilization, but doses >3.0 Mrad, 
which are necessary to kill viruses, have detrimental effects 
on graft strength. Therefore, aseptic harvest and a cleaning 
process consisting of antibiotic soaks, multiple cultures, 
and low-dose radiation (<3.0 Mrad) are the most commonly 
used methods for producing a sterile anterior cruciate liga-
ment (ACL) graft [12]. Low-temperature chemical steriliza-
tion methods with good tissue penetration seem to be [1] 
sporicidal and do not adversely affect the biomechanical 
properties of tissue. Other sterilization techniques, such as 
supercritical CO

2,
 and the use of antioxidants in combination 

with gamma irradiation, are being developed [13].

Allografts are mainly used in patients requiring revision 
ligament reconstruction or multiple ligament reconstruction 
for combined injuries [18]. However, they have been used for 
primary ACL reconstruction [14], and also to reconstruct the 
posterior cruciate ligament, medial collateral ligament [2], 
lateral collateral ligament [10], and the extensor mechanism 
of the knee [8].

Autografts and allografts undergo a similar process of 
incorporation, including graft necrosis, cellular repopulation, 
revascularization, and collagen remodeling [4]. However, 
allografts have a slower rate of biologic incorporation. 
Cordrey et al. [3] observed that while vascularization and 
recollagenization occur in autograft and allograft ligaments in 
a similar fashion, these processes occur more slowly in allograft 
tissue. Jackson et al. [7] compared the histological and micro-
vascular status of patellar tendon autografts and allografts in a 
goat model. At 6 weeks, the allografts demonstrated increased 
vascularity and inflammatory response. The autografts had a 
notably greater cross-sectional area compared with the 
allografts at 6 weeks. The allografts had smaller cross-sec-
tional areas, persistence of more original large collagen fibers, 
and fewer small-diameter collagen fibers. The autografts had 
a robust response and proliferation of small diameter fibers. 
At 6 months, the allografts had a persistence of large collagen 
fibers, indicating a delay in remodeling. Mechanical testing of 
the allograft and autograft groups showed a statistically sig-
nificant (P < 0.01) difference in anteroposterior translation at 
6 months. The autograft displacement was 3.4 ± 0.5 mm, 
compared with 5.3 ± 1.0 mm in the allograft group (P < 0.01). 
The patellar tendon autograft demonstrated a more robust 
biologic response, improved stability, and increased strength-
to-failure values. The authors suggested a longer period of 
protection for patients with allograft ACL reconstructions 
than for those with autograft reconstructions. On the contrary, 
Nikolaou et al. [9] compared the strength, histology, and 
revascularization of patellar tendon allografts and autografts. 
The mechanical integrity of the allografts was similar to that 
of the autografts; both achieved nearly 90% of control liga-
ment strength by 36 weeks. Revascularization approached 
normal by 24 weeks in both the autograft and allograft.

Shino et al. [13] demonstrated that by 52 weeks after sur-
gery, bone-patellar tendon-bone (BPtB) allografts implanted 
in dogs had regained a fibrous framework histologically sim-
ilar to that seen in a normal ligament. Drez et al. [5] found 
that bone-patellar tendon-bone allografts histologically 
resembled normal ACL tissue after 26 weeks. Second-look 
arthroscopy findings reported by Shino et al. [14] illustrated 
that ACL allografts had reached histological maturity by 
18 months postoperatively. The histological and vascular 
characteristics of ligament allografts are well established; 
however, their tensile strengths vary widely (Fig. 1). Thomas 
and Gresham [15] demonstrated that freeze-dried fascia latae 
grafts are initially equal in strength to fresh allograft tissue.
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Overall, the results of primary reconstruction with use of 
allografts are similar to those obtained with autografts. Some 
concern has been expressed that allografts might begin to 
show increased laxity or re-rupture rates 5 years or more 
after surgery (Fig. 2), but no series with data showing evi-
dence of these possibilities has been published.

As discussed above, although a variety of allograft tissues 
are available for use, the tissue most commonly used for 
ACL reconstruction is the bone-patellar tendon-bone com-
posite. An Achilles tendon allograft is commonly used for 
the reconstruction of the posterior cruciate ligament because 
of its size, strength, length, and ease of insertion. Studies 
showing the results of allograft use in posterior cruciate liga-
ment reconstruction are not as numerous as those dealing 
with the ACL. Other structures that have been reconstructed 
with an allograft include the medial collateral ligament, the 
patellar tendon, the lateral collateral ligament, and the poste-
rior capsule.

Summary

Advances in medical science and cell biology have allowed 
of transplantation of cells and tissue from one human to 
another. Allograft transplantation has been shown to facili-
tate the reproduction and restoration of knee form and func-
tion, as well as enhancing the patient’s quality of life. The 
use of allograft tissue as a graft source for reconstruction of 
knee instabilities is an alternative for ligament reconstruc-
tion. Many factors enter into the decision to use an allograft, 
including patient age, the preference of the patient and the 
surgeon, fear of disease transmission, and availability of 
quality tissue. Both the surgeon and the patient must be 
aware that although the graft will react much like autogenous 
tissue in revascularization and remodeling, this process tends 
to progress more slowly. Long-term studies with a minimum 
5-year follow-up are lacking, and there is the possibility that 
allografts will be found to have stretched when checked at 
longer intervals.
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The Role of Growth Factors in ACL Surgery

Matjaz Vogrin 

Anterior cruciate ligament (ACL) rupture is one of the most 
common knee injuries. In case of symptomatic knee insta-
bility, operative reconstruction is the standard treatment, 
especially in the young active population. The operative 
technique is well known and has been established for more 
than 30 years [20]. There are several options concerning 
different autografts. Bone-patellar tendon-bone (BPTB) 
still represents the golden standard, but in the last 10 years 
the hamstring tendon (HT) graft has become popular and it 
is used in more than 50% of all ACL reconstruction cases 
worldwide [13, 27]. The main problem after operative 
reconstruction is the very long rehabilitation period. Patients 
are not capable of full activities for at least 6 months after 
surgery [22].

For successful operative treatment after ACL rupture sev-
eral factors are essential:

Anatomical reconstruction
Firm graft fixation
Adequate biological response after surgery
Proper rehabilitation protocol

Biological Response After ACL 
Reconstruction

There are two very important biological processes going on 
after ACL reconstruction – graft healing in the bone tunnels 
and ligamentization of the intra-articular part of the graft.

Graft healing in the bone tunnel is a biological response 
after the surgical procedure. It starts with an acute inflamma-
tion phase immediately upon the release of the tourniquet. 
The knee is then immediately filled with blood from the 
drilled exposed bone. In the bone tunnel, this generates an 
acute inflammatory response with mesenchymal cell recruit-
ment, proliferation, and matrix synthesis. There is an aggre-
gation and degranulation of the circulating platelets within 
the forming fibrin clot, resulting in a release of cytokines [3]. 
In the chronic phase of the inflammation, the monocytes and 
stem cells start driving the angiogenesis. The process is 
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enhanced by a high local concentration of several platelet-
derived growth factors (PDGF). [7].

The process of graft revascularization is well described but 
only in animal models. Kohno et al. [14] describe that the 
clinical outcome of ACL reconstruction using a HT graft 
depends on the biological integration between the tendon and 
the bone. The healing process starts immediately after the 
operation. The empty space between the tendon and the bone 
is replaced with an increasing number of fibroblasts in a few 
days. At 3 weeks, small vessels appear along with an increased 
number of osteoblasts on the bone surface. After 6 weeks, the 
vessels decrease in number along with a shield-like new bone 
formation surrounding the tendon and with an increased num-
ber of collagen fibers integrated along the tendon. At 12 weeks, 
the tendon is practically directly attached to the bone.

The pattern of change within the body of the autograft ten-
don when transplanted into a human recipient has been 
described as graft ligamentization. It consists of necrosis, swell-
ing, revascularization, fibroblastic invasion, synthesis, and mat-
uration of collagen fibers with ligament reformation [19].

Arnocky et al. investigated the revascularization of patel-
lar tendon graft after ACL reconstruction in dogs. Their 
results showed that the intra-articular part of the graft was 
initially avascular, but became surrounded by synovial tissue 
with abundant blood vessels after 6 weeks. Revascularization 
originated from the soft tissue of the infrapatellar fat pad and 
the posterior soft tissue of the joint. The graft had the vascu-
larity and collagen pattern of native ACL 1 year after surgery 
[1]. Unterhauser et al. investigated the revascularization of 
the flexor tendon graft after ACL reconstruction in sheep. 
Their study showed that vascularization was found after 
6 weeks and it reached the vascular status of native ACL 
after 24 weeks [30].

It is also known that the ACL autograft is strong initially 
after the surgery, it weakens during the revascularization 
period between 5 and 16 weeks, and then it gradually regains 
its final strength after 6 months [8]. The success of ACL 
reconstruction depends mostly on the successful revascular-
ization of the graft, which is required for the healing process 
in a bone tunnel and for the ligamentization process in the 
intra-articular part of the graft. Otherwise the graft could not 
remain a viable substitute for ACL [34].

New Strategies

In order to improve and enhance both, graft healing in bone 
tunnels and graft ligamentization process, several biological 
agents were tested in animal models studies:

Bone morphogenetic protein (BMP)[21]
Periosteal augmentation [37]
Mesenchymal stem cells [17]

Gene transfer [18]
PDGFs [33, 34, 36]

The results were evaluated with biomechanical tests and his-
tological findings. All those studies demonstrated enhance-
ment of graft healing in bone tunnels, but there is very little 
data available concerning the role of growth factors, applied 
locally, on graft ligamentization process.

The Role of Autologous Platelet Gel (PG) 
in ACL Reconstructive Surgery

During the physiological cascades of soft tissue healing and 
bone growth, cellular and hormonal factors have a pivotal 
role [35]. Among them, PDGFs: transforming growth factor 
alpha and â (TGF-á and â), epidermal growth factor (EGF) , 
fibroblast growth factor (FGF), insulin growth factor (IGF), 
platelet-derived epidermal growth factor (PDEGF), platelet-
derived angiogenesis factor (PDAF), interleukin-8 (IL-8), 
tumor necrosis factor alpha (TNF-á), connective tissue 
growth factor (CTGR), granulocyte macrophage colony 
stimulating factor (GMCSF), keratinocyte growth factor 
(KGF), angiopoietin (Ang-2), and some others are very 
important.

Platelet derived growth factors have been already used for 
some indications in different fields of surgery, especially for 
wound and bone healing [2, 9, 12, 26, 28]. For the local 
application of PDGFs, platelet-rich plasma (PRP) is obtained 
by special devices from the autologous blood (Fig. 1).

Fig. 1 Platelet separator
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The resulting PRP can be activated by autologous throm-
bin to create platelet gel (PG). This solid gelatinous mass can 
be applied to the soft tissues, chronic wounds, or bone [4, 5] 
in order to deliver the platelet growth factors in loco (Fig. 2) 
and to accelerate physiological healing and reparative tissue 
processes, especially angiogenesis [29] also after ACL 
reconstruction (Fig. 3).

Koruda et al. studied the role of PDGFs in the regulation 
of the graft healing process after ACL reconstruction in 
dogs. They stimulated angiogenesis, cell proliferation, and 
collagen synthesis. Increased levels of PDGFs were observed 
within the healing area in the early postoperative period, 
reaching the greatest expression at 3 weeks after implanta-
tion. Thereafter, the concentration of PDGFs decreased and 
returned to the preoperative level at 12 weeks postopera-
tively [15].

It is difficult to evaluate potential effects of growth fac-
tors in human studies. There are functional scores avail-
able, like International Knee Documentation Committee 
(IKDC), Lysholm, Tegner activity score and others, but 
they evaluate results indirectly only. It is also possible to 
evaluate results of early graft healing and revascularization 
by magnetic resonance imaging (MRI) [6, 10, 11, 16, 23, 
25, 31] (Fig. 4).

Only few human studies have been designed to evaluate 
the therapeutic effect of PG, applied locally on the graft 
and bone tunnels during the ACL reconstruction [24, 32]. 
Those studies demonstrated enhanced level of vasculariza-
tion and therefore graft healing in osteoligamentous inter-
face in tibial and femoral bone tunnels early after surgery. 
Orrego et al. [24] assessed the role of platelet gel in the 
graft integration with a MRI scan at 3 and 6 months post-
operatively. They concluded that the use of PG had an 
enhancing effect on the graft maturation process evaluated 
only by MRI signal intensity, without showing any signifi-
cant effect in the osteoligamentous interface or tunnel wid-
ening evolution.

Current Trends

From the data in the literature, we can conclude that several 
strategies (BMP, periosteum, PDGFs, gene transfer, mesen-
chymal steam cells) could enhance and accelerate graft heal-
ing in the region of osteoligamentous contact in tibial and 
femoral bone tunnels. From that point of view it is possible 
to shorten the period of rehabilitation after surgery for sev-
eral weeks. The main problem remains slow going ligamen-
tization process in the intra-articular part of the graft. The 
first reason for this is technical problem in application and 
retain of growth factors in the intra-articular part of the graft 
itself. Secondly, the ligamentization process starts much later 
(intra-articular part of the graft was initially avascular, but 
became surrounded by synovial tissue with abundant blood 
vessels after 6 weeks.) than the graft healing process in the 
bone tunnels itself, and the PG applied locally during opera-
tive procedure does not have a crucial enhancing role at that 

Fig. 2 Autologous platelet-rich plasma and activated human thrombin, 
before application Level of MRI

evaluation

Fig. 3 Platelet gel application after autograft positioning. Platelet gel 
was delivered to the osteoligamentous interface in the tibial and femoral 
bone tunnels (blue color). Before positioning, the graft is covered by an 
autologous platelet-rich plasma (PRP) in combination with autologous 
human thrombin until the clot was formed
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point any more. The solution for this technical problem could 
be in gene therapy or in repetitive application of GF intra-
articularly in the first months after surgery.

But before the final conclusions are drawn, further studies 
should be done, especially concerning the integrity of the 
revascularization and maturation of the intra-articular part of 
the graft, the formation of sclerotic bone around the tunnel, 
as well as the comparison of those data with clinical findings 
and knee stability.

References

 1. Arnocky, S.P., Tarvin, G.B., Marshal, J.L.: Anterior cruciate liga-
ment replacement using patellar tendon. An evaluation of graft 
revascularization in the dog. J. Bone Joint Surg. Am. 64, 217–224 
(1982)

 2. Batten, M.L., Hansen, J.C., Dahners, L.E.: Influence of dosage and 
timing of application of platelet-derived growth factor on early 
healing of the rat medial collateral ligament. J. Orthop. Res. 14, 
736–741 (1996)

 3. Deehan, D.J., Cawston, T.E.: The biology of integration of the ante-
rior cruciate ligament. J. Bone Joint Surg. Br. 87, 889–895 (2005)

 4. Everts, P.A., Hoffmann, J., Weibrich, G., Mahoney, C.B., 
Schönberger, J.P., van Zundert, A., Knape, J.T.: Differences in 

platelet growth factor release and leucocyte kinetics during autolo-
gous platelet gel formation. Transfus. Med. 16, 363–368 (2006)

 5. Everts, P.A., Knape, J.T., Weibrich, G., Schonberger, J.P., Hoffmann, 
J., Overdevest, E.P., Box, H.A., van Zundert, A.: Platelet-rich 
plasma and platelet gel: a review. J. Extra Corpor. Technol 38, 174–
187 (2006)

 6. Gohill, S., Annear, P.O., Breidahl, W.: Anterior cruciate reconstruc-
tion using autologous double hamstrings: a comparison of standard 
versus minimal debridement techniques using MRI to assess revas-
cularisation. J. Bone Joint Surg. Br. 89, 1165–1171 (2007)

 7. Gomez, D.E., Alonso, D.F., Yoshiji, H., Thorgeirsson, U.P.: Tissue 
inhibitors of metalloproteinases: structures, regulation and biologi-
cal functions. Eur. J. Cell Biol. 74, 111–122 (1997)

 8. Gordia, V.K., Rochat, M.C., Grana, W.A., Rohrer, M.D., Prasad, 
H.S.: Tendon to bone healing of a semitendinosus tendon autograft 
used for ACL reconstruction in a sheep model. Am. J. Knee Surg. 
13, 143–152 (2000)

 9. Hildebrand, K.A., Woo, S.L., Smith, D.W., Allen, C.R., Deie, M., 
Taylor, B.J., Schmidt, C.C.: The effects of platelet-derived growth 
factor-BB on healing of the rabbit medial collateral ligament. An 
in vivo study. Am. J. Sports Med. 26, 549–554 (1998)

10. Howell, S.M., Clark, J.A., Blasier, R.D.: Serial magnetic resonance 
imaging of hamstring anterior cruciate ligament autografts during 
the first year of implantation. A preliminary study. Am. J. Sports 
Med. 19, 42–47 (1991)

11. Howell, S.M., Knox, K.E., Farley, T.E., Taylor, M.A.: 
Revascularization of a human anterior cruciate ligament graft dur-
ing the first two years of implantation. Am. J. Sports Med. 23, 
42–49 (1995)

a b

Fig. 4 Quantitative MRI evaluation of the vascularization. The 
oblique sagittal image in the T1 sequence before (a) and after (b) 
application of the paramagnetic contrast medium showing positions 
of the osteoligamentous interface (O), intra-articular part ( ) of the 

graft and background (+) regions of interest (ROI) for signal intensity 
measurement. Note the enhancement in the osteoligamentous inter-
face zone (O). Also note the enhancement of the interface in the fem-
oral tunnel ( )



The Role of Growth Factors in ACL Surgery 447

12. Hsu, C., Chang, J.: Clinical implications of growth factors in flexor 
tendon wound healing. J. Hand Surg. Am. 29, 551–563 (2004)

13. Johnson, R.J., Eriksson, E., Haggmark, T., Pope, M.H.: Five- to ten-
year follow-up evaluation after reconstruction of the anterior cruciate 
ligament. Review. Clin. Orthop. Relat. Res. 183, 122–140 (1984)

14. Kohno, T., Ishibashi, Y., Tsuda, E., Kusumi, T., Tanaka, M., Toh, S.: 
Immunohistochemical demonstration of growth factors at the ten-
don-bone interface in anterior cruciate ligament reconstruction 
using a rabbit model. J. Orthop. Sci. 12, 67–73 (2007)

15. Kuroda, R., Kurosaka, M., Yoshiya, S., Mizuno, K.: Localization of 
growth factors in the reconstructed anterior cruciate ligament: 
immunohistological study in dog. Knee Surg. Sports Traumatol. 
Arthrosc. 8, 120–126 (2000)

16. Lajtai, G., Noszian, I., Humer, K., Unger, F., Aitzemueller, G., 
Orthner, E.: Serial magnetic resonance imaging evaluation of oper-
ative site after fixation of patellar tendon graft with bioabsorbable 
interference screws in anterior cruciate ligament reconstruction. 
Arthroscopy 15, 709–718 (1999)

17. Lim, J.K., Hui, J., Li, L., Thambyah, A., Goh, J., Lee, E.H.: 
Enhancement of tendon graft osteointegration using mesenchymal 
stem cells in a rabbit model of anterior cruciate ligament recon-
struction. Arthroscopy 20, 899–910 (2004)

18. Martinek, V., Latterman, C., Usas, A., Abramowitch, S., Woo, S.L., 
Fu, F.H., Huard, J.: Enhancement of tendon-bone integration of 
anterior cruciate ligament grafts with bone morphogenetic protein-2 
gene transfer: a histological and biomechanical study. J. Bone Joint 
Surg. Am. 84-A, 1123–1131 (2002)

19. Marumo, K., Saito, K., Yamagishi, T., Fujii, K.: The ligamentisa-
tion process in human anterior cruciate ligament reconstruction 
with autogenous patellar and hamstring tendons. A biochemical 
study. Am. J. Sports Med. 33, 1166–1173 (2005)

20. McCulloch, P., Lattermann, C., Boland, A., Bach, B.: An illustrated 
history of anterior cruciate ligament surgery. J. Knee Surg. 20, 
95–104 (2007)

21. Mihelic, R., Pecina, M., Jelic, M., Zoricic, S., Kusec, V., Simic, P., 
Bobinac, D., Lah, B., Legovic, D., Vukicevic, S.: Bone morphoge-
netic protein-7 (osteogenic protein-1) promotes tendon graft inte-
gration in anterior cruciate ligament reconstruction in sheep. Am. J. 
Sports Med. 32, 1619–1625 (2004)

22. Miller, S.L., Gladstone, J.N.: Graft selection in anterior cruciate liga-
ment reconstruction. Orthop. Clin. North Am. 33, 675–683 (2002)

23. Nakayama, Y., Shirai, Y., Narita, T., Mori, A., Kobayashi, K.: The 
accuracy of MRI in assessing graft integrity after anterior cruciate 
ligament reconstruction. J. Nippon Med. Sch. 68, 45–49 (2001)

24. Orrego, M., Larrain, C., Rosales, J., Valenzuela, L., Matas, J., 
Durruty, D., Sudy, H.: Effects of platelet concentrate and a bone 
plug on the healing of hamstring tendons in a bone tunnel. 
Arthroscopy 24, 1373–1380 (2008)

25. Rak, K.M., Gillogly, S.D., Schaefer, R.A., Yakes, W.F., Liljedahl, 
R.R.: Anterior cruciate ligament reconstruction: evaluation with 
MR imaging. Radiology 178, 553–556 (1991)

26. Rozman, P., Bolta, Z.: Use of platelets growth factors in treating 
wounds and soft tissue injuries. Acta Dermatovenerol. Alp. Panonica 
Adriat. 16, 156–165 (2007)

27. Sajovic, M., Vengust, V., Komadina, R., Tavcar, R., Skaza, K.:  
A prospective, randomized comparison of semitendinosus and gra-
cilis tendon versus patellar tendon autografts for anterior cruciate 
ligament reconstruction: five years follow up. Am. J. Sports Med. 
34, 1933–1940 (2006)

28. Smrke, D., Gubina, B., Domanoviè, D., Rozman, P.: Allogeneic 
platelet gel with autologous cancellous bone graft for the treatment 
of a large bone defect. Eur. Surg. Res. 39, 170–174 (2007)

29. Tabata, Y.: Tissue regeneration based on growth factor release. 
Tissue Eng. 9, S5–S15 (2003)

30. Unterhauser, F.N., Bail, H.J., Hoher, J., Haas, N.P., Weiler, A.: 
Endoligamentous revascularisation of an anterior cruciate ligament 
graft. Clin. Orthop. Relat. Res. Sep(414), 276–288 (2003)

31. Vogl, T.J., Schmitt, J., Lubrich, J., Hochmuth, K., Diebold, T., Del 
Tredic, K., Südkamp, N.: Reconstructed anterior cruciate ligaments 
using patellar tendon ligament grafts: diagnostic value of contrast-
enhanced MRI in a 2-year follow-up regimen. Eur. Radiol. 11, 
1450–1456 (2001)

32. Vogrin, M., Rozman, B., Haspl, M.: Concerns about effects of plate-
let concentrate and a bone plug on the healing of hamstrings tendons 
in a bone tunnel. Arthroscopy 25(9), 941–942 (2009)

33. Weiler, A., Förster, C., Hunt, P., Falk, R., Jung, T., Unterhauser, 
F.N., Bergmann, V., Schmidmaier, G., Haas, N.P.: The influence of 
locally applied platelet-derived growth factor-BB on free tendon 
graft remodeling after anterior cruciate ligament reconstruction. 
Am. J. Sports Med. 32, 881–891 (2004)

34. Weiler, A., Peters, G., Maurer, J., et al.: Biomechanical properties 
and vascularity of an anterior cruciate ligament graft can be pre-
dicted by contrast-enhanced magnetic resonance imaging: a two 
years study in sheep. Am. J. Sports Med. 29, 751–761 (2001)

35. Werner, S., Grose, R.: The regulation of wound healing by growth 
factors and cytokines. Physiol. Rev. 83, 835–870 (2003)

36. Yoshikawa, T., Tohyama, H., Katsura, T., Kondo, E., Kotani, Y., 
Matsumoto, H., Toyama, Y., Yasuda, K.: Effects of local administra-
tion of vascular endothelial growth factor on mechanical characteris-
tics of the semitendinosus tendon graft after anterior cruciate ligament 
reconstruction in sheep. Am. J. Sports Med. 34, 1918–1925 (2006)

37. Youn, I., Jones, D.G., Andrews, P.J., Cook, M.P., Suh, J.K.: 
Periosteal augmentation of a tendon graft improves tendon healing 
in the bone tunnel. Clin. Orthop. Relat. Res. Feb (419), 223–231 
(2004)



M.N. Doral et al. (eds.), Sports Injuries,  
DOI: 10.1007/978-3-642-15630-4_62, © Springer-Verlag Berlin Heidelberg 2012

449

Dealing with Complications in ACL 
Reconstruction

Reha N. Tandoğan, Asım Kayaalp, and Kaan Irgıt 

Although ACL reconstruction is one of the most frequently 
performed operations, complications may occur in every 
stage of the operation and in the postoperative period. The 
surgeon should be able to recognize and manage these 
complications for a successful outcome.

Complications During Graft Harvest

Patellar Fracture

Patellar fracture is a rare complication of anterior cruciate liga-
ment (ACL) reconstruction. It can occur during graft harvest-
ing or in the late postoperative period. The reported incidence 
varies between 0.2% to 1.3% [20, 30]. Intraoperative fractures 
are usually longitudinal fissures and rarely require fixation. 
Non-displaced longitudinal fissures can be treated with slower 
rehabilitation and frequent x-ray exams. Displaced fractures 
require internal fixation. They can be prevented by the use of 
power instruments instead of osteotomes, avoiding stress risers 
by making precise cuts and taking trapezoidal grafts instead of 
deep V-shaped grafts. The bone block should be smaller than 
25 × 10 mm and less than one-third of patellar thickness and 
should not be levered out of its bed aggressively. Late fractures 
occur as a result of direct trauma during the rehabilitation 
period or eccentric quadriceps contraction. They usually occur 
within 2–4 months after surgery [26, 30]. The fractures are 
usually transverse or stellate. Displaced fractures require inter-
nal fixation with the tension band technique (Fig. 1). Most 
studies on patellar fractures report no adverse effects on clini-
cal outcome. Grafting of the patellar defect is debatable since 
painful spurs may occur in up to 36% of these cases [19].

Premature Transection of Hamstring Tendons

Anatomic variations of the pes anserinus insertion are com-
mon and this may lead to several complications. Aberrant or 
accessory tendons may be mistakenly harvested resulting in 
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short, useless grafts or damage to the main tendon. There are 
frequent aberrant fibers from the semitendinosus and gracilis 
to the gastrocnemius and semimembranosus and these should 
be sharply divided before harvesting the grafts. The knee 
should be flexed to at least 80° and the tourniquet should be 
high enough to allow free passage of tendon strippers. 
Premature transection of the tendon results in a short ampu-
tated tendon graft. If the remaining graft is more than 10 cm, 
a three-strand reconstruction can be performed. If the remain-
ing tendons do not have sufficient length or strength, alterna-
tive graft sources such as allografts or the ipsilateral patellar 
tendon should be considered (Fig. 2).

Saphenous Nerve Injury

The branches of the saphenous nerve can be injured during 
graft harvest or drilling the tibial tunnel. Sanders has shown 
that the saphenous nerve is intimately associated with the 
gracilis for 4.6 cm in the distal thigh, from 7.2 cm to 11.8 cm 
proximal to its insertion [28]. Injury to the infrapatellar and 
sartorial branches has been reported to be up to 74% in recent 
studies [8, 28]. Although a vertical incision is associated 

with a higher incidence of nerve injury [27], using a horizon-
tal or oblique incision does not always decrease the risk [18]. 
The loss of sensation decreases dramatically in the first year 
and does not cause a significant disability. Neuroma forma-
tion has not been an issue.

Graft Contamination

Although rarely reported as a complication, one study found 
that 25% of the knee surgeons surveyed had encountered at 
least one graft dropped to the floor [12]. To prevent this embar-
rassing complication, abrupt and erratic movements should be 
avoided during surgery and the graft should always be passed 
using a metal basin or container. No cases of infection have 
been reported after decontamination and implantation of the 
graft. Molina has reported that the most effective decontamina-
tion agent was 4% chlorhexidine and a 90 s soak resulted in 
only 2% positive cultures [24]. Soaking the graft in antibiotic 
solution or povidone iodine was not effective. Although effec-
tive decontamination is possible, given the catastrophic out-
come of septic arthritis following ACL reconstruction, the 
surgeon should consider the use of an alternative graft source in 
this situation. Autograft from the same knee or allograft can be 
used and the surgeon should have the necessary instrumenta-
tion available for an alternative graft in the operating room.

Tunnel Complications

Improperly Placed Tunnels

Recent interest in the anatomy and biomechanics of ACL has 
led to a better understanding of the kinematics of ACL. 
Previous tunnel locations and transtibial techniques have 
fallen out of favor as anatomic tunnel locations in the femo-
ral and tibial footprints of the ACL have gained popularity. 
This has led to the frequent utilization of the medial portal 
for femoral tunnel drilling and independent femoral-tibial 
tunnel creation. Previous transtibial techniques produced a 
more vertical graft orientation and although this provided 
good anteroposterior stability, rotational control was poor. 
Current techniques focus on anatomic tunnel locations, either 
as a single-bundle or double-bundle reconstruction. A recent 
biomechanical study has shown no difference in knee kine-
matics between central anatomic single-bundle and double-
bundle ACL reconstructions [10]. Whichever technique is 
preferred, the surgeon should be able to identify the insertion 
sites of the anteromedial and posterolateral bundles of the 
ACL and place the tunnels in these locations. This entails the 
visualization of the insertion sites from both the anterolateral 
and anteromedial portals at 90° of flexion. Anterior and ver-
tically placed tunnels are unacceptable and will lead to either 
restriction of knee motion or residual laxity (Fig. 3).

Fig. 2 Premature transection of a hamstring graft. Three bundle recon-
struction is still possible

Fig. 1 Transverse patellar fracture during ACL reconstruction fixed 
with a cannulated screw



Dealing with Complications in ACL Reconstruction 451

Posterior Femoral Cortical Blowout

Posterior cortical blowout was more common in previously 
used transtibial techniques. This was usually due to vertical 
and anterior tibial tunnel drilling, leading to the necessity of 
decreased knee flexion for the transtibial guide to reach the 
posterior part of the femoral condyle. Earlier studies have 
reported an incidence between 1.5% and 6.5% [1, 4]. This 
complication has largely disappeared with the advent of 
independent tibial and femoral tunnel preparation. However, 
if the surgeon is still using transtibial techniques, the knee 
should be flexed at least to 90° during femoral tunnel prepa-
ration (Fig. 4).

A footprint of 2–3 mm is made with the reamer and the 
integrity of the posterior cortex is confirmed before drill-
ing of the tunnel. After completion of the tunnel, the 
scope is placed through the tibial tunnel into the femoral 
tunnel and wall integrity is verified. Cortical blowout is 
important only for grafts fixed with interference screws. 
If posterior cortical blowout occurs, the graft and implants 
are taken out and alternative fixation to the lateral cortex 
with button implants or transfixing implants can be per-
formed (Fig. 5). If no alternative implants are available, a 
second outside-in tunnel from the lateral cortex can be 
drilled.

Complications of Drilling  
from the Medial Portal

Recent interest in the anatomic placement of ACL grafts 
have led to more frequent use of the medial portal for femo-
ral drilling. Surgeons familiar with the transtibial techniques 

a bFig. 3 Improper tunnels; (a) 
Femoral tunnel is too vertical; 
(b) Femoral and tibial tunnels  
are both too anterior

60° 90°

Fig. 4 Less than 90° of knee flexion during transtibial drilling of the 
femoral tunnel may lead to the breach of the posterior cortex

Fig. 5 Posterior cortical blowout with the screw in the poplitea
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may have problems with visualization and correct placement 
of the tunnel in a hyperflexed knee. The drill bits may injure 
the femoral condyle if the portal is made too medial and the 
anterior horn of the meniscus may be injured if the portal is 
made too distal. These complications may be avoided by 
drilling the femoral tunnel first to ensure adequate fluid dis-
tention, use of a spinal needle to verify portal placement, and 
the use of special eccentric reamers to decrease drill head 
diameter.

Another concern is the proximity of the peroneal nerve 
and the cartilage of the femoral condyle when drilling from 
the medial portal. Hall has reported in a cadaveric study that 
the peroneal nerve is 23 mm from the guide wire if the drill-
ing is made with the knee in 70° of flexion [9]. This increases 
to 44 mm in 120° of flexion. However, the risk of iatrogenic 
injury to the posterior cartilage of the lateral condyle may 
still be present even if the knee is flexed to 110° [25].

Postoperative Tibia or Femur Fractures

Fractures of the distal femur and proximal tibia have been 
reported after ACL reconstruction [33]. Graft harvesting 
sites or widened tunnels may act as stress risers and predis-
pose to trauma. These can occur due to trauma or during sub-
sequent osteotomy procedures. Fractures can occur as late as 
6 years after surgery. The graft harvest site of the patellar 
tendon and the tibial tunnel may double the stress riser effect 

on the proximal tibia [6]. Accelerated rehabilitation pro-
grams may be a risk factor [2]. It is not known whether recent 
double-bundle techniques will increase the risk of periarticu-
lar fractures. Contemporary internal fixation techniques that 
do not jeopardize the ACL graft should be employed in the 
management of these fractures (Fig. 6).

Intra-Articular Metal-Bone Debris

Intra-articular metal-bone debris may remain in the joint 
after ACL reconstruction despite copious irrigation. These 
usually reside in the posterior compartment. They are clini-
cally insignificant and 71% will disappear or diminish in the 
first 6 months [35].

Complications of Fixation

Graft Laceration

Graft laceration by the screw usually occurs during femoral 
fixation. Both patellar tendon and hamstring grafts can be 
injured. Preventive measures include avoiding sharp threaded 
screws, keeping the bone block flush with the femoral tunnel 
aperture, hyperflexing the knee during screw insertion, and 
slow advancement of the screw under good visualization. 

a b

Fig. 6 (a) Fracture of the proximal tibia after anterior cruciate ligament (ACL) reconstruction; (b) Fixation with a T-plate
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Graft laceration may also happen during additional notch-
plasty after the graft has been fixed. If the graft is damaged 
during femoral fixation, the graft and screw are taken out and 
inspected. If sufficient length remains, the graft is reversed 
and femoral side is again fixed with a screw. The tibial end is 
fixed with Krackow sutures over a post-washer combination. 
Alternative graft sources should be considered if the remain-
ing tissue is unusable.

Bone Block Protruding from the Tibial Tunnel

A minimum of 20 mm bone block should remain in tibial 
tunnel for adequate fixation. If for any reason the bone block 
protrudes from the tibial tunnel and compromises stability 
several options are available.

The femoral tunnel can be deepened but this brings the risk 
of screw damage to the tendinous portion of the graft. The 
graft can be rotated on itself up to 540° without compromis-
ing initial stability [32]. This option is especially helpful in 
medial tunnels close to the medial collateral ligament (MCL) 
as the tibial tunnel shortens progressively when moved medi-
ally due to the shape of the proximal tibial metaphysis. 
Another option is to flip the bone block 180° on itself. Barber 
has reported 86% good to excellent results in 50 patients using 
this technique [3]. Finally, the last option is to fix the tendi-
nous portion of the graft with a biodegradable screw in the 

tibial tunnel followed by fixation of the bone block in a groove 
made in the tibial metaphysis with a staple (Fig. 7). Prevention 
of this complication includes; harvesting no more than 25 mm 
bone blocks in patellar tendon grafts, starting the tibial tunnel 
orifice at least 3.5–4 cm from the joint line and placing the 
longer bone block into the femoral tunnel.

Inadequate Fixation

Inadequate fixation during surgery may lead to loss of stabil-
ity, chondral damage, and loose implants in the joint. 
Biodegradable implants may require MRI to diagnose the 
problem (Fig. 8). These can be avoided by appropriate visu-
alization and meticulous attention to surgical technique. Most 
of these complications require revision surgery (Fig. 9).

Neurovascular Injuries

Arterial Injuries

Arterial injuries during ACL reconstructions are very rare 
with an overall rate of 0.01% [23]. Risk areas are the poste-
rior horn of the lateral meniscus, posterior part of the 

a bFig. 7 The protruding bone 
block has been fixed in a groove 
created in the tibial metaphysis 
with a staple; (a) Intraoperative 
view; (b) Postoperative 
radiograph
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intercondylar notch, and the medial geniculate artery during 
elevation of the medial tibial periosteum [7]. Two cases of 
pseudoaneurysm of the popliteal artery after ACL recon-
struction with bicortical tibial screw fixation have been 
reported [13]. The injury can be observed in the form of 
occlusion, pseudoaneurysm, or arteriovenous fistula [5]. 
Surgical intervention is usually required.

Deep Vein Thrombosis

The incidence of deep vein thrombosis (DVT) following 
ACL reconstruction varies with the diagnostic method. This 
has been reported to be 3.5% with Doppler ultrasound imag-
ing [34] and up to 41% with MR venography [21]. Most are 
silent, and the rate of symptomatic DVT has been reported to 
be 0.24–2.1% [15]. One case of fatal pulmonary embolism 
has been reported [14]. The risk factors for DVT are Protein 
C deficiency, preop immobilization, oral contraceptive use, 
previous thrombosis, obesity, smoking, varicose veins, and 
previous surgery. One study advocates the use of 21 day out-
patient prophylaxis; however, routine pharmacological pro-
phylaxis is controversial unless serious risk factors are 
present. The risk of major bleeding offsets the benefits of 
DVT prophylaxis. There are no clear guidelines on the dura-
tion of prophylaxis.

Peroneal Nerve Injury

Direct surgical peroneal nerve injury is very rare and is usu-
ally associated with lateral meniscus repair. More common 
are sensory neuropraxias due to increased tourniquet time or 
pressure and resolve in weeks. Early exploration is indicated 
if motor deficit is present [17].

Acute Infection

Acute infection after ACL reconstruction has been reported to 
be less than 0.78% in several studies [11, 31]. Reported risk 
factors are increased surgical time, concomitant open surgery, 

Fig. 8 Loose biodegradable screw in the joint diagnosed by MRI and 
the removed screw during revision

a b c

Fig. 9 Examples of failure of femoral fixation; (a) Misplaced interference screw in the joint; (b) Misplaced button device in the trochlear groove 
causing chondral damage; (c) Transfixing implant placed in the soft tissues instead of the bone
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increased hardware load (tibial washer-screw), previous sur-
gery, and use of synthetics or allografts. Infection usually 
becomes evident in the first 3 weeks after surgery. The patient 
has florid clinical signs with pain, warmth, fever, effusion, 
and limitation of motion. The c-reactive protein (CRP) and 
erythrocyte sedimentation rate (ESR) are elevated. Joint aspi-
ration reveals a cloudy fluid with WBC count over 50,000/
mm3. The offending organism is usually Staphylococcus 
aureus or S. epidermidis. Prompt arthroscopic joint irrigation, 
debridement, and synovectomy with open debridement of all 
extra-articular incisions are mandatory. Culture-specific par-
enteral antibiotherapy for 4–6 weeks is required depending on 
the clinical course. The graft can be left in situ and saved in 
most acute cases. However, removal of both the graft and 
implants are necessary for recalcitrant or chronic cases [16]. 
It is advisable to wait 6–9 months before revision surgery 
[22]. Even if the graft can be salvaged, inferior clinical results 
related to arthrofibrosis, cartilage damage, or recurring postin-
fectious meniscal tears have been reported [29].
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Revision ACL Reconstruction: Treatment Options

Philippe Colombet, Philippe Neyret, and Patrick Dijan  
and the French Society of Arthroscopy

Introduction

Revision of anterior cruciate ligament reconstruction (ACLR) 
is a difficult and complex surgery. The difficulties can be 
reduced by a rigorous preoperative planning, to anticipate 
removing screws and implant devices, to prepare a potential 
bone grafting from allo or auto graft, and prepare new fixa-
tion devices. However, this planning can be revised depend-
ing on the difficulties faced during the surgery. This planning 
is based on preoperative data that stems from clinical exami-
nation; imaging (x-rays, MRI, and CT scan) and 3D recon-
struction can be helpful.

Skin Incision

The first step is to determine the skin incisions [5, 14]. If pos-
sible, we recommend using the previous incisions, or pre-
serving 4 cm between two short incisions or 6 cm between 
two long incisions. Arthroscopic and instrumental portals 
must be your usual portals to be in good condition for sur-
gery and have a good feeling. We recommend anteromedial 
instrumental portal and anterolateral portal for the scope. 
A third incision can be used for graft harvesting.

Strategy

Sometimes, implanted hardware must be removed to allow a 
new correct tunnel placement [5, 12]. The previous surgical 
report could be helpful. We need to prepare this step because 
in some cases specific tools are required and need to be 
ordered (specific screw drivers). If this hardware is close to 
the tunnel aperture and approachable, it must be removed. 
The use of trephine is necessary in case the fixation device is 
incorporated into the bone.

In some cases with ACLR failure and remaining graft 
fibers, the first question which can be asked is: “Do we need 
to remove the previous graft?” In case of slack ligaments, we 
propose graft retention. The graft inside the tibial tunnel is 
isolated using a trephine and pulled out, then fixed again 
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using an interference screw. This technique is indicated when 
the bone plug of a bone-patellar tendon-bone (BPTB) slipped 
inside the join, in case of initial fixation device failure 
(Fig. 1). When the initial ACLR is nonanatomic, we can try 
to preserve fibers if they have a partial mechanical effect. Put 
the knee in Cabot’s position and test the remaining fibers 
with a probe (Fig. 2). In this case, you can reconstruct the 
missing bundle, anteromedial or posterolateral bundle over 
the first graft. This procedure is technically high demanding 
and the surgeon needs to know the femoral and tibial foot 
prints of native ACL very well. Specific instrumentation 
might be needed.

Most of the time, a synovectomy and notch cleaning out are 
required after complete graft rupture or inadequate graft. We 
need to remove notch bone spurs, residual bone plug from 
BPTB graft inside the joint and residual graft fibers. At this 
step bacteriological samples are recommended. When this step 
is particularly bleeding, two-step surgery should be needed.

The French Experience

A national survey on revision ACL reconstruction was con-
ducted within the French society of arthroscopy between 
2003 and 2006 [3]. We collected 104 patients in a prospec-
tive study and 189 patients in a retrospective study from 
1990 to 2003. We noticed 17% of notch plasty. It was not 
systematic, only in cases with impingement or bad visual 
control of tunnel positioning. Once the new graft is placed, 
beware of the medial wall of the lateral condyle; watch the 
graft behavior during the passive flexion-extension motion. 
CT scan and its new version, the 3D reconstruction, allow us 
to assess the tibial and femoral tunnels with high precision. 
Bone tunnel widening was underevaluated with standard 
x-rays. Using CT scan allowed us to evaluate more acutely 
the tunnel  position to determine the new reconstruction stra-
tegy. Measurements are performed to decide if bone graft 
was needed and in this option, which kind of bone graft was 
perfectly appropriated, which trephine diameter to choose, 
and whether a two-step surgery could be indicated. Coronal, 
sagittal, and axial plans were required. With this imaging, we 
have also appreciated the bone quality (Figs. 3–5). H. Passler 
proposed a classification [9] depending on tunnel position 
and enlargement:

Type Ia femoral and tibial tunnel in good position without 
any enlargement.
Type Ib femoral and tibial tunnel fare from the optimal 
position without any enlargement.

In these two cases, new tunnels can be drilled without bone 
grafting

Fig. 1 On the tibial side, bone plug from bone-patellar tendon-bone 
(BPTB) graft inside the notch

Fig. 2 Slack graft with good aspect and mechanical properties

1.0 cm

Fig. 3 Coronal view femoral tunnel enlargement with measurement
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Type II tibial tunnel enlarged but no difficulty on femoral 
tunnel. In this case the tibial tunnel needs a bone graft.
Type III both tunnels are enlarged, in this situation, a two-
step surgery is recommended with a bone graft first.

In our experience, when there was a big tunnel enlarge-
ment or when the previous tunnel was too close to the opti-
mal position, a bone graft was used. The bone origin was 
from the iliac crest, bone allograft, and sometimes we used 
the bone plug from the bone patellar tendon bone (BPTB) 
graft. In the majority of cases when a bone graft was used, 
a two-stage surgery was decided (Figs. 6 and 7). On the 

 femoral side, the same tunnel was used in 42% of cases and 
in 52% of cases the tunnel needed to be placed posteriorly 
to the previous tunnel. We were faced with two situations: 
In  easy cases with a femoral tunnel very anterior (Fig. 8), 
we removed the previous hardware and drilled a new tunnel 
in better place. In other cases, the situation was more diffi-
cult; the previous tunnel was close to the right position and 
we did either bone grafting, or we placed an interference 
screw in front of the graft to stabilize it posteriorly. Other 
tricks were used: outside-in divergent tunnel, graft passage 
over the top, and additional reconstruction of the missing 
bundle. On the tibial side, the same tunnel was used in 74% 
of cases; it was placed more anterior in 10% and more poste-
rior in 16%. When the tunnel was too anterior (Fig. 9), we 
enlarged the tunnel posteriorly and the empty space was 
filled up with either a big absorbable interference screw or a 
big BPTB plug. In difficult cases, with not enough bone in 
front of the tunnel, we changed the tunnel direction and the 
tunnel was drilled from a more medial or lateral place on the 
tibia epiphysis. In case of a very big hole or a tunnel too 
posterior, we did a two-stage surgery with first a bone graft.

1.1 cm

Fig. 5 Axial view tibial tunnel measurement

1.1 cm

Fig. 4 Axial view femoral tunnel assessment

Fig. 6 Femoral tunnel bone graft: arthroscopic view

Fig. 7 Tibial tunnel bone graft: arthroscopic view
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Graft Selection

There is no consensus for the graft selection. The contra lat-
eral BPTB can be harvested but some authors do not recom-
mend this graft source [1]. Reharvesting the same tendon is 
possible after 2 years [4, 8, 13], but this ipsilateral tendon has 
bad histological aspect and its mechanical properties are 
altered [6, 10] and the clinical results are poor [7]. After the 
initial use of BPTB, hamstring tendons represent the optimal 
graft source; however, when there is tunnel enlargement their 
use is not recommended [2, 11]. The quadriceps tendon is a 
good alternative because a big bone bloc can be harvested to 
fill up a bone defect. Finally, if all these options are not pos-
sible allograft can be used.

In our survey, the graft selection on the overall patients 
(n = 293) was different according to the first graft. When the 
BPTB was used for the first reconstruction, we used for the 
revision hamstring (HS) in 48% of cases, the opposite BPTB 
44% and 8% of quadriceps tendon. After HS reconstruction, 
we used BPTB for revision in 70% of cases, opposite HS in 

23%, and Quadriceps tendon in 7% of cases. We have had six 
quadriceps tendon revision, five times with a BPTB and once 
with the opposite quadriceps tendon.

Graft Fixation

Which fixations were used? Interference screws were not 
always adapted because of the bone quality or the tunnel 
enlargement. We needed to choose another class of fixa-
tion: Intermediary fixations or cortical fixations. On the 
femoral side, in the majority of cases (53%) we used a 
proximal cortical fixation, 13% of intermediary fixation, 
and 7% of distal fixation. In a few cases, we did a double 
fixation and a fixation “press fit.” On the tibial side, the 
distribution was: 55% of proximal fixation, 31% of distal 
fixation (Inside or outside the tunnel), and 12% of double 
fixation.

Fig. 9 Tibial tunnel too anterior with staple fixation

Fig. 8 Anterior femoral tunnel placement
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Special Cases

Regarding the complex laxities or the cases with no technical 
reason for failure we did lateral tenodesis. We noticed a sig-
nificant positive effect on the pivot shift test compared with 
single intra-articular reconstruction. But these additional 
reconstructions had no effect on the clinical result. We did 
6% of high tibial osteotomy with a double effect, first on the 
pain but also on the knee stability. These osteotomies were 
indicated not only in the knee with osteoarthritis but also in 
cases with posterolateral associated laxity. This surgery must 
be done after joint cleaning and before the reconstruction.

Conclusion

Revision of anterior cruciate ligament reconstruction is a 
tough surgery which can be performed under arthroscopy but 
we have to keep in mind that “the surgical quality is more 
important than the technical feat.” There are two worries, the 
bone defect and the correction of the reason for failure. The 
surgery needs to be planned for any eventuality (assessment 
of previous fixations, cartilage damage, meniscus repair, 
synovial lesion, bone defect, and secondary restraint lesions) 
We recommend a preoperative CT scan more often for better 
bone and tunnel assessment.
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Revision of Failures After Reconstruction  
of the Anterior Cruciate Ligament

Nuno Sevivas, Hélder Pereira, Pedro Varanda, Alberto Monteiro,  
and João Espregueira-Mendes 

Introduction

Surgical reconstruction of the anterior cruciate ligament 
(ACL) has become one of the most frequently performed 
procedures in orthopaedic surgery. It is estimated that 
between 75,000 and 100,000 ACL repair procedures are 
performed annually in the United States [16, 23]. The long 
term follow-up results are good but clinical failures rates of 
10–25% have been reported [29] and consequently the num-
ber of revisions of ACL reconstructions, and even repeat 
revisions (two revisions or more), are increasing [32].

In the past few years, intensive basic study about ACL 
has been done and consequently marked clinical improve-
ments have appeared in the graft selection, tunnel placement, 
graft fixation and rehabilitation of the reconstructed ACL. 
Knowledge concerning the biology of graft incorporation 
and “ligamentization” process has also increased [8], improv-
ing our ability to prevent complications such as excessive 
graft elongation, pullout or slippage [19].

Generically, ACL has been described as being composed 
of two different functional bundles – anteromedial (AM) 
bundle and posterolateral bundle – named for the relative 
location of the tibial insertion site [14]. These two bundles 
act together resisting anterior tibia translation [25, 28] and 
functioning like rotational stabilizers of the knee [11].

The single-bundle ACL reconstruction tries to reconstruct 
only one portion of the ACL (the AM) and the reported out-
comes are generally good [10, 37]. Other authors argue that 
the knee rotational control only can be rehabilitate with an 
anatomical double-bundle ACL reconstruction [35, 36].

Upcoming insights concerning this issue might help us in 
a recent future to explain some patient’s dissatisfaction, with 
limited return to same level sports activity after ACL surgery, 
in which we could not detect neither imagiologically nor on 
clinical examination any relevant problem. The truth is that 
we now face the challenge of objectively quantifying both 
anteroposterior and rotational instability. This led us to the 
development of a valuable tool to measure the rotational 
instability measured during MRI or CT scan – PKTD (Knee 
testing device – T. Lob and Espregueira-Mendes). The func-
tional implication of these measures and the way in which 
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they will affect ACL reconstruction technique is to be deter-
mined and subject of ongoing investigation, in our depart-
ment. Our purpose is the definition of objective quantitative 
parameters of this ill-defined cause of failure after ACL recon-
struction: subjective sensation of instability during sports or 
pivoting activities despite ACL reconstruction without major 
problems identified and without significant anteroposterior 
instability (normally assessed by KT-1000 or Lachman test).

Revision surgery is recommended for a patient who com-
plains of instability, pain and/or reduced knee mobility after 
ACL reconstruction. It requires a careful preoperative evalu-
ation since this will be determinant for the final result. The 
compliance and motivation of the patient must be assessed 
and the patient must understand what the realistic expecta-
tions about the results are. It is well established that the 
results are not as good as in a primary procedure [18, 21, 31, 
34] and they are influenced by the cause of the failure. The 
patient must also know that untreated symptoms of instabil-
ity may contribute to meniscus and chondral damage, leading 
to an earlier progression of osteoarthritis [3, 7, 13, 22, 26].

There is no single standard revision procedure. The strat-
egy depends on the cause of failure, patient characteristics 
and surgeon preferences and for that a variety of techniques, 
grafts and methods of fixation are available.

The aetiology, the clinical assessment of the patient, the 
treatment options including key surgical technical points and 
rehabilitation, after ACL reconstruction failure, will be dis-
cussed in the next points.

Causes of Failure of Primary Procedure

There are several causes of ACL reconstruction failure and 
sometimes more than one may be involved. The main recog-
nized cause is error in the surgical technique [1, 21, 29, 31, 34] 

but biological factors [5, 15] or new trauma episode [12, 17] 
can also be involved. More specifically, failures can be related 
with malpositioning of the tunnels, aggressive rehabilitation 
where the intraosseous incorporation and “ligamentization” 
period were not respected and the fixation system failure (e.g. 
graft pullout or slippage).

We prefer to separate the causes of failure of an ACL 
reconstruction based on patient’s clinical aspects. We con-
sider two major causes: instability and reduced knee mobil-
ity (with or without pain).

1.  Instability
(a)  Always present after surgery – poor graft fixation and/

or malpositioning;
(b)  Initial full recovery and instability after new trauma – 

usually means that a re-rupture has occurred;
(c)  Initial rigidity – malpositioning of the tunnel with 

knee movement limitation that improves after graft 
elongation or rupture has occurred and after that the 
patient begins to refer instability.

2. Reduced knee mobility
(a)  Extension deficit

Cyclops (Fig. 1a and b)
Intercondylar notch scarring
Femoral tunnel too posterior – this situation is very 
rare and usually is well tolerated
Tibial tunnel too anterior (graft impingement) 
(Fig. 2)

(b)  Flexion deficit
Femoral tunnel too anterior (Fig. 2) – it is a fre-
quent error in the inside out technique
Tibial tunnel too posterior

(c)  Extension and Flexion deficit (Capsulitis/arthrofibro-
sis) – characterized by constant pain and stiffness, 
inflamed and swollen knee, quadriceps lag and lim-
ited patella mobility

a

b

Fig. 1 Cyclops (a) arthroscopic 
view. (b) MRI
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Clinical Evaluation

History

One should investigate the specific details of the original 
injury (e.g. trauma characteristics), the previous treatment 
details (e.g. graft choice and fixation, time between trauma 
and surgery) and rehabilitation program (e.g. time between 
surgery and return to sports activity).

It is important to understand what is the main problem is: 
Instability or reduced knee mobility (with or without pain). 
The patient symptoms can orientate us in the differential 
diagnosis. The presence of pain can be related to a cartilage 
lesion or synovitis and must be treated accordingly.

If instability is implicated, we should know when it has 
started after the primary repair. If there had been a gradual 
onset of instability, there may have been gradual stretch-
ing of the repair associated to a non-anatomical placement 
of the graft, aggressive rehabilitation or failure of the 
graft/fixation. If the patient states that the knee has never 
been stable after surgery then it is likely a failure of graft 
fixation.

The future occupational and recreational activities desired 
might be answered and clarified too.

Physical Examination

The gait pattern and limb alignment should be evaluated since 
the beginning. A varus alignment can cause excessive loads on 
the reconstructed ACL and, in this case, a valgus osteotomy 
should be considered at the same time of the  revision [2].

The range of movement of the knee (ROM) must be assessed 
because a severe loss of flexion and/or extension might need an 
initial procedure to regain a pain free full ROM.

We use always the Lachman test and pivot shift test to eval-
uate the knee stability in these patients. The pivot shift test is 
the most important test in determining ACL insufficiency and 
is a useful method to detect clinical knee instability. The pivot 
shift test has various grades (0, ± glide; ++; +++) and one 
should be clear about that. A positive test, independent of the 
grade, is indicative of a functionally deficient anterior cruciate 
ligament [6] in preventing abnormal rotation.

Associated knee ligamentous instability (e.g. medial, lat-
eral, posteromedial and posterolateral) must be searched and, 
if present, addressed to avoid failure of the ACL revision 
graft. An examination under anaesthesia can help in this 
evaluation and should be performed [9].

KT-1000

We use KT-1000 to assess and quantify knee laxity. This is a 
reproducible tool to perform a quantitative evaluation of the 
Lachman test. A difference superior to 3 mm between the 
knees is considered “abnormal”.

Imaging

The plain x-ray series of a weight-bearing anteroposterior 
radiograph, a correct lateral x-ray in full extension and 30° 
of flexion, 45° posteroanterior weight bearing, notch and 
axial views are always needed. These exams can help in the 
evaluation of limb alignment, original tunnel placement, 
fixation methods used, tunnel widening, osteolysis and 
articular degenerative changes.

CT scan is sometimes useful to better show the extent of 
bony defect and tunnels placement. We always ask a MRI 
preoperatively to evaluate, more precisely, the ACL graft 
(integrity and incorporation) and the possible associated 
lesions (e.g. chondral, menisci and ligaments) [9].

We developed an instrument to assess the anteroposterior 
and rotational instability during the MRI/CT scan examination – 
Porto KTD (Knee testing device – Espregueira-Mendes) – 
(Fig. 3). This device is made in polyethylene, has no artefacts 
and can be introduced in MRI and CT scan. It pushes the tibia 

Fig. 2 Anterior placement of tibial and femoral tunnel
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anteriorly and produces the abnormal antero-posterior and 
internal rotation of the tibia. The anterior translation and the 
internal rotation can be objectively measured between the femur 
and the tibia (between two pre-defined bony landmarks).

Treatment Options

After assessment of the major complaint and the cause of 
failure identified, we must decide if the patient is suitable for 
a revision surgery. The patient must be involved in the deci-
sion and clarified about the need of surgery to solve his prob-
lems. Sometimes a decrease of the activity level or a specific 
rehabilitation program with improvement of the propriocep-
tion may result in the resolution of the symptoms [30].

When pain is a major problem, an arthroscopy can be 
enough to improve patient symptoms. This will enable treat-
ment of a meniscus lesion, a cartilage lesion, a Cyclops 
lesion and synovitis. In some patients with lower level of 
activity the simple removing of the graft can be sufficient 
(totally or partially).

Revision ACL surgery is considered a salvage procedure 
and final outcomes are less optimistic than in the primary 
surgery [24].

It is important to determine during the preoperatively 
evaluation if the hardware needs to be removed. We remove 
it, if it is on the way of the new tunnel and will interfere with 
the correctly placed revision tunnel. Otherwise we will leave 
it in place, to not extend the loss of bone stock due to tunnel 
widening. All this points will influence the surgical options.

In some cases of tunnel malpositioning, we can simply 
drill a new tunnel without violating the original tunnel or 
removing the hardware. However, in some cases, we are 
obliged to overlap a previous tunnel and remove the hardware 
to drill the tunnel in the optimal position and in this case we 

are obliged to resolve the bone stock loss. To review an out-
side-in technique we advise an inside-out revision with diver-
gent axis (an vice-versa) and the imaging control of the tunnel 
position is wise. To solve the bone loss some options are 
available like: iliac crest bone autograft, use of an autograft/
allograft tendon with an enlarged bony portion (Fig. 4), an 
oversized interference screw or utilise two or more screws for 
fixation. We routinely use an expansion device (ResofixTM 
Resoimplant GmbH, Regensburg, Germany) that fits some 
amount of bone loss (Fig. 5). One must ensure that the tunnels 
are placed in the correct position but also in good-quality 
bone. Only if these two points are kept in mind, we can ensure 
a good graft fixation in the desired position.

A high index of suspicion about infection, like cause of 
ACL reconstruction failure, should be present when any 
other cause can be implicated. Blood sample analysis, bone 
scan and routine multiple knee synovial biopsies should be 
done to rule out this situation.

Surgery

The revision ACL surgery aims are similar to any primary 
procedure – stable and painless knee. So attention is given 

Fig. 3 Porto KTD (Knee Testing Device)

Fig. 4 Autograft tendon with enlarged bony portion

Fig. 5 Fixation expansion device (ResofixTM Resoimplant GmbH, 
Regensburg, Germany)
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to the optimal tunnel placement, correct graft choice and 
effective method of fixation to allow an early rehabilitation 
program.

In our experience between 1989 and 2007, we carried out 
1,464 primary ACL repairs with a success rate of 96%. In the 
same period we revised 44 patients, many of them referred 
from other centres. In the revision with a mean follow-up of 
8.5 years we found 69% of the patients classed A + B with 
IKDC score. More than 90% of the cases showed technical 
errors. In 71% of the cases the X-ray showed arthrosis or 
subchondral sclerosis on one or both compartments with a 
statistically significative relation with meniscectomy and 
cartilage lesion. In this series we had 7.6% of failures.

The patient must be told that the results of ACL revision 
surgery are usually good but are not as reliable as in primary 
procedures [20, 31, 33].

Surgical Strategy Planning

Standard equipment is insufficient for an ACL revision and 
specific equipment for removal of previous implants (e.g. 
trephines, screwdrivers) and drills of several sizes for over 
drilling should be available.

We only remove material that is likely to interfere with 
the operation. An empty tunnel, after removal of a screw, can 
leave bone fragility and can break the wall of the new tunnel 
with a compromised fixation graft.

Removal of staples from the medial tibial metaphyseal 
cortex may be a problem. This may result in damage to the 
cortical bone that may interfere with graft fixation. In some 
cases of severe bone loss or/and very important stiffness we 
must consider the possibility of a two steps surgery [29, 30].

Because the landmarks are often less distinct than in pri-
mary surgery the tibial tunnel should be referenced by imag-
ing control. We do not advise the using of the posterior 
cruciate ligament or the intercondylar spines as references. 
We need to be anatomic [30]. A revision notchplasty might 
be needed to allow an adequate visualisation of the over-the-
top position and allow full excursion of the graft without 
impingement.

The choice of the correct position of the tunnels is the 
critical point of the operation. On the femoral side of the tun-
nel, but also on the tibial side, the most common mistake is 
to place it too anteriorly. For the femoral tunnel, the tech-
nique used at the time of revision surgery is different than 
that used at the time of primary surgery, so we advise an 
outside-in technique if the previous approach was inside-out 
and vice-versa [2, 30] If the previous tunnels are in good 
position, they can be redrilled at the same place and if they 
are in a poor position, it may be possible to ream a new one 
without encroaching on the originals. The most difficult 
 situation arises when the initial tunnels are in a slightly 

 non-anatomical position because the resultant bony defect can 
be excessively large. In the presence of large bone defects, we 
can solve that with bone grafting but sometimes we need to 
use a two-stage procedure [29, 30]. If we find a bundle in 
good position, we advise to revise only the wrong placed 
bundle (“Double bundle concept”).

Associated knee ligamentous instability must be treated 
to avoid failure of the ACL revision surgery. Acute lateral 
collateral or posterolateral ligamentous injury should be 
repaired with or without augmentation. High-grade medial 
collateral sprains with posteromedial corner injuries should 
be repaired or allowed to heal before reconstruction. 
Complete posterior cruciate ligament (PCL) ruptures should 
undergo simultaneous or staged reconstruction [34].

Graft Choice

It is a matter of debate whether an autograft or an allograft 
should be preferred in ACL revision surgery. Both options 
have advantages and disadvantages and the choice should be 
decided case by case and based in the surgeon’s experience.

An allograft does not have donor site morbidity and can 
have a big bone block that is very useful in cases where we 
need to fill bone loss holes. However the infection transmis-
sion risk, the slower integration and possible immunological 
reactions are points of concern. We can join also the increased 
cost with this option that it has to be weighted when we have 
to decide the surgical strategy.

Our rule is to use autograft and we advise the use of 
allografts only when patient’s own graft is not enough to the 
patient’s needs. This is sometimes the case when we have to 
repair multiligament lesions involving PCL, ACL and/or 
posterolateral corner. The autograft patellar tendon is our 
preferred graft, when its use is possible, because it allows a 
big bone block that can help us to fill a bone defect.

Our rationale to choose the autograft, in ACL revision 
surgery, is explained in Table 1. Like other authors, in some 
circumstances, we prefer to harvest the graft in the contralat-
eral limb [27] specially if the revision surgery has to be done 
less than 18 months after the primary surgery and the initial 

Table 1 Rationale of graft for revision surgery

Primary graft Revision graft

Bone-patellar tendon-bone (BPTB)  
in bad position

Four-strand 
hamstring

Bone-patellar tendon-bone 
(BPTB) well positioned

<18 M Contra-lateral 
BPTB

18 M Ipsilateral BPTB

Four-strand hamstring BPTB

Prosthetic Ipsilateral BPTB 
graft
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graft is well positioned. When the initial graft was performed 
18 months or more before, we reharvest the graft in the same 
location [4].

Graft Fixation

The fixation method used plays a decisive role in the suc-
cessful final result. Independent to the method used, it has to 
withstand the early postoperative rehabilitation forces until 
the graft integration has occurred.

Several methods exist to accomplish this mission. 
Generically they can be classified as cortical (suspensory) or 
apertural (intratunnel). The analysis of the behaviour of the 
different types of fixation is not the issue of this work.

A full range of devices for bone and soft-tissue fixation 
must be available so as to not restrict the choice of the graft. 
For us, the ideal method is a resorbable apertural method that 
maintains the necessary fixation force to withstand the post-
operative forces until the graft integration has occurred and 
then after disappears without a harmful reaction to the graft 
substitute. We use the ResofixTM (Resoimplant GmbH, 
Regensburg, Germany) that is a PLDA (Poly-D, L-Lactide) 
bioabsorbable expansion-bolt for graft fixation that guaran-
tees both a stable fixation in the bone canal, but also a secure 
and defined resorption time. Other devices are available and 
might be needed like interference screws, staples, washers, 
endobuttons, transfix and rigid fix.

Rehabilitation

A less aggressive postoperative rehabilitation program is 
needed after ACL revision surgery, with slower progression 
in weight-bearing and functional exercises. This rehabilita-
tion program must be tailored for the individual patient, tak-
ing into account the limb alignment, bone quality, patient 
compliance and the surgical variables that might interfere 
with the rehabilitation progression.

General rule, the patients start knee flexion in the first  
24 h after surgery and full passive extension movement must 
be allowed immediately. We use ice therapy regularly, pre 
and postoperatively, to reduce the inflammatory response 
and swelling. The patients use crutches to walk, which are 
used until a good gait pattern has been achieved. The patients 
are discharged 48 h after surgery and continue the rehabilita-
tion in an outpatient form.

The patients might achieve full knee extension and a min-
imum of 90° flexion in the first 2 weeks. The rehabilitation 
continues with a series of graduated mobilizing, strengthen-
ing (isometric, closed chain and some open chain only), and 

dynamic stability exercises. Running is started when mini-
mal swelling and knee pain have been achieved [30].

At the end of the program a sports-specific training is 
done but having always in mind the need to respect both the 
intraosseous graft incorporation and ligamentization period 
of the graft. This is a long continuous process leading to graft 
transformation in a tissue that approximates, but does not 
fully replace, the native ligament. It is commonly divided in 
an early phase dominated by graft necrosis and hypocellular-
ity, followed by the proliferation phase (higher biomechani-
cal fragility) and finally the ligamentization phase culminating 
in graft remodelling until the maximum of resistance with 
closest resemblance to native ACL. In our opinion respect 
for this process is mandatory for successful rehabilitation. 
We can predict that generally the patient can return to contact 
sports 9 months after surgery but all factors (patient-related 
and surgery-related) must be considered and in some cases a 
longer period might be required once our main objective must 
not be jeopardized by to aggressive protocols not respecting 
some golden rules dictated by biology.

Conclusion

Revision of failures after reconstruction of the ACL is a chal-
lenging procedure and presents many clinical and technical 
challenges. It requires a careful preoperative evaluation with 
a detailed history and comprehensive physical examination, 
appropriate radiological studies and careful preoperative 
planning.

We need to identify the patient complaints with the asso-
ciated causes for failure, identify and treat associated insta-
bilities, deal with problems resulting from the previous 
surgery (e.g. bone loss, previous used graft) and choose the 
most appropriate graft, fixation method and rehabilitation 
program.

There are many surgical options and the surgeon must be 
familiarized with several different techniques to use the most 
appropriated to the patient.
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Key Points in Revision ACL Surgery

Hamza Özer, Hakan Selek, and Sacit Turanlı 

Introduction

There has been a significant advance in anterior cruciate lig-
ament (ACL) surgery at the final decades of the twentieth 
century. Success of arthroscopic surgical techniques has led 
this procedure become popular among orthopedic surgeons. 
More than 100,000 ACL reconstructions are performed each 
year in the USA [7]. Although good results have been 
reported in most series, a growing failure rate also has been 
reported in the literature [1, 2, 6, 16, 22].

The importance of primary ACL surgery is that not even 
the professional athletes have desire to return their career, 
also noncompetitive individuals have a wish of returning to 
their preinjury activity levels [20]. However, inadequate eval-
uation and inappropriate surgical techniques may result with 
failure and the patient requires a revision surgery in order to 
establish a functionally stable knee (Fig. 1a, b) [1, 4, 6, 8, 9].

Factors Leading to Reinstability

There are many reasons that lead to reinstability in a recon-
structed knee [2, 6]. We can separate these factors into two: 
patient-related factors and surgeon-related factors. Additional 
injuries such as meniscal and ligamentous injuries and 
patient’s response to these injuries are patient-related factors. 
Evaluation of the patient, operative technique, and graft 
selection are surgeon-related factors [2, 4, 6].

Misinterpreted collateral ligament and posterolateral cor-
ner injuries may create patholaxity and result with recurrent 
instability of the knee joint. Varus, valgus, and posterolateral 
drawer test should be also performed under anesthesia.  
If there is any doubt of instability, then surgical repair of the 
injured structures must be performed [4–6].

Initial surgical technique is also another important factor 
that can lead to failure of the graft. There are few landmarks 
that help the surgeon to place the tunnels on femoral and 
tibial side. These are the resident’s ridge, anterior horn of the 
lateral meniscus, and the tibial spines [3, 10, 13, 14]. Tunnels 
placed due to misinterpreting the landmarks may affect the 
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length and tension of the graft during knee motion. Anteriorly 
placed femoral tunnels may create greater tension in the graft 
and this will lead to failure. Malplacement of tibial tunnels 
also creates abnormal motion of the knee. Anterior place-
ment of tibial tunnel may result with extension loss of the 
knee. Medial placement of the tunnel may damage the chon-
dral surface of the medial tibial plateau. Lateral impingement 
of the reconstructed ligament occurs if the tibial tunnel is 
lateralized on horizontal plane. Besides, PCL fibers may be 
injured during drilling the tunnel if the guide pin is placed 
too much posterior on the sagittal plane [8, 9, 14].

Patient Evaluation

Evaluation of a patient with a failed ACL surgery should be 
made carefully while keeping the notable ins and outs men-
tioned above. Planing is the most important step in revision 
surgery. Physical examination gives us a basic knowledge 
about the integrity of the ligaments and cartilage. Roent-
genographic evaluation with anteroposterior standing radio-
graph and lateral view in full extension is useful to evaluate 
the position of tunnels, implants, and osteolysis around the 
hardware. Fortyfive degree posteroanterior weightbearing 
view is also useful to detect the osteoarthritic process in the 
joint. Magnetic resonance imaging can give a detailed infor-
mation about the articular cartilage, integrity of the liga-
ments, and capsular structures [2, 4, 6, 12, 15, 16].

Causes of failure must be clearly identified before starting 
a revision surgery. It should be kept in mind that the final 
examination of the joint should be made under anesthesia to 
evaluate the stability of the joint.

Lachman, anterior drawer, varus, and valgus tests should 
be performed promptly. Additionally pivot-shift and reverse 
pivot-shift tests are also performed. Posterolateral drawer 
test is also useful to detect the posterolateral insufficiency.  
It should not be forgotten that the knee must be evaluated 
after examining the contralateral side [5].

Pathologies leading to varus, valgus, or rotatory instabili-
ties should be carefully addressed and additional surgeries 
should be based in order to get a successful outcome in a 
revision ACL surgery.

Although misplacement of tunnels either on femoral or 
tibial side results with failure, great problems may occur 
with these maloriented tunnels during a revision surgery.

Graft Choice

It is the surgeon’s preference to choose the graft material 
which will be used in a revision case. Graft material that 
forms the ipsilateral side consists of hamstring tendons and 
the quadriceps tendon. However, contralateral autologous 
grafts can also be used in a revision case. The potential of 
donor site problems lead the surgeons to choose allografts. 
On the other hand, transmission of viral diseases, the poor 

a b
Fig. 1 A young 20-year-old 
football player with a failed 
double-bundle ACL surgery:  
(a) anteroposterior and (b) lateral 
view
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healing capacity, and lower biomechanical properties are 
shown to be the disadvantages of allograft material. However 
allograft material can be used if adequate autograft tissue is 
not available in a revision case [17, 18].

Surgical Pitfalls

The decision for a staged surgery is almost given during 
evaluation of the patient. Problems related with chondral and 
menisci can be treated either in a staged fashion or not [2, 6, 
19, 21]. Marrow-stimulating procedures can be applied and 
degenerative tears of menisci can be debrided. If an autolo-
gous chondrocyte implantation (ACI) is planned with MR 
evaluation prior to surgery than cartilage harvesting is car-
ried at the first stage. ACI and revision of the ligament are 
considered in the next stage.

The relation between the proposed new tunnels and the 
former tunnels must be carefully judged. Tunnels that were 
placed far more anterior in the first surgery may not interfere 
with tunnels that will be performed in the revision surgery 
[16, 19]. Therefore revision ACL surgery can be applied in 
one stage. In some cases interference screws can be left in 
place [15]. With a graduated tunnel dilatation technique, the 
hardwares are not removed and the new tunnel is formed 
without any additional bone defect (Fig. 2a, b).

In some cases greater defects can be formed after 
removal of hardware. Grafts with larger bone blocks and 

interference screws with larger diameters may solve this 
problem. However if it is difficult to achieve a good new 
tunnel, then bone grafting is applied and staged revision is 
considered [21].

Fixation

Fixation techniques can be grouped as suspensory fixation 
and aperture fixation. Type of fixation is chosen according to 
quality of bone after redrilling the new tunnels. Aperture 
fixation with interference screws can be used either with 
bone-patellar tendon-bone grafts or hamstring tendon grafts. 
Suspensory fixation on the femoral side is preferred if any 
risks of discontinuity of the posterior wall of the tunnel exist. 
On the tibial side, intratunnel fixation with supplemental 
fixation is considered for a stable construct [11].

Conclusion

Revision anterior cruciate ligament surgery is a demanding 
technique. It requires experience in evaluation and treatment 
of multiligamentous instabilities and bone defects. The treat-
ing surgeon must be well equipped and skilled in order to 
solve the problems in a staged or an unstaged fashion. The 
period from preoperative evaluation of a reinjured knee to a 

a b

Fig. 2 Patellar tendon autograft 
was used in the revision ACL 
surgery. The hardwares that were 
used in the primary surgery were 
left in their place: (a) anteropos-
terior and (b) lateral view
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stably revised knee is highly discouraging and this period 
must be accurately directed and tailored.
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Introduction

Acute treatment of anterior cruciate ligament (ACL) injuries 
is still a matter of debate; while some cases have been found 
to heal with conservative treatment or primary suture [31], 
ACL reconstruction with a tendon graft is the most common 
procedure and is considered as the gold standard of treat-
ment [5, 9, 10, 13, 27, 28] with approximately 80% success 
rate in restoring stability and function. However, reconstruc-
tion procedures have its own set of complications: aside 
from the harvest site morbidity and postoperative tendon 
weakness [9], other studies have shown that post-ACL recon-
structed knees have decreased deep proprioception [23] and 
not all patients are able to resume their previous sports acti-
vities [10].

Recent studies showed the possibility of spontaneous 
ACL healing in acute lesions with proper treatment [6, 13, 
19, 30, 31]. Some authors found that ACL has healing capa-
bilities and concluded that primary repair could work, com-
pared to reconstruction, with specific patient population and 
with careful selection leading to a better outcome since the 
natural ACL is preserved [6, 13, 30].

A proper rehabilitation is a fundamental part of the recov-
ery after surgery. In literature, no specific protocols are 
reported after ACL primary repair, and patients follow a sim-
ilar protocol to ACL reconstruction. Recent advances in 
rehabilitation suggest that protocols must be progressive and 
goal-oriented; the program must be individualized and the 
progression based on functional-clinical criteria and specific 
objective is the key of success.

It is quite clear that the athlete’s recovery can be consid-
ered fully completed only when all necessary characteris-
tics have been regained. Therefore, in our opinion, the 
rehabilitation program must lead to a recovery of athletic 
conditions (both general and specific), specific neuromotor 
skills, and psychological confidence in the execution of sport 
movements.

Our study hypothesis was to verify, in a specific group of 
young athletes with acute partial ACL tears, if it could be 
possible to restore stability and function with primary repair 
and healing stimulation technique associated with a specific 
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functional rehabilitation program. If our hypothesis is con-
firmed, preserving the natural ACL will avoid all possible 
complications inherent to ACL reconstruction such as loss of 
proprioception, graft harvesting morbidity, and muscular 
weakness.

Methods

A group of 36 patients less than 40 years of age was investi-
gated. All patient underwent an arthroscopic primary ACL 
repair combined with bone marrow stimulation after an acute 
(<4 weeks from the injury) partial lesion of the ACL. 
Evaluation included a history of knee strain with pain, buck-
ling and giving way, an examination demonstrating increased 
laxity (side-to-side difference of anterior knee manual maxi-
mum translation >3 but <10 mm and positive or glide Jerk 
Test), MRI suggestive of an ACL lesion (i.e., subchondral 
edema on femoral and tibial insertions, discontinuity of the 
ligament, signal changes on the ligament, articular edema, 
and nonvisualization of a complete ACL), and finally an 
arthroscopic confirmation of an incomplete proximal ACL 
tear based on visual assessment and probing of both antero-
medial (AM) and posterolateral (PL) bundles [22].

Exclusion criteria were lesions not amenable to primary 
suturing, midsubstance ACL lesions, associated grade IV 
chondral injury, partial or complete injury to the lateral col-
lateral ligament or posterior cruciate ligament, complete tear 
of the medial collateral ligament (patients with grade I or II 
MCL injury were included). Patients with contralateral 
severe knee injury or surgery, severe malalignment of the 
knee, or unwillingness to participate in our strict rehabilita-
tion protocol at a specified center were also excluded.

Patient underwent the same rehabilitation protocol as 
described below and were clinically supervised by frequent 
clinical controls during the postoperative period until com-
plete recovery.

Preoperatively, patients were evaluated for age; gender; 
side of injury; and associated chondral, meniscal, ligamen-
tous pathologies, or previous surgeries.

An independent examiner, using a Rolimeter® (Aircast®, 
Boca Raton, FL, USA) assessed knee anterior laxity, and the 
side-to-side difference with manual maximum test was mea-
sured in millimeters [7].

Pivot shift was measured before surgery under anesthesia 
according to the IKDC objective knee scores.

We collected preinjury Tegner, Single Assessment Numeric 
Evaluation (SANE), and Noyes [20] and Marx [17] scores. 
Before surgery all these patients filled a Psychovitality ques-
tionnaire [10], Tegner [32] and SANE [33].

Postoperatively, patients underwent a specific rehabilita-
tion protocol and were assessed using the Marx, Noyes, 
Tegner, SANE, and Lysholm scoring systems; in addition, an 

independent examiner at final follow determined Rolimeter 
evaluation and IKDC objective knee scores up.

Four patients gave their consent for the second look 
arthroscopy; furthermore, two patients sustained a new lesion 
and we had a second look.

Surgical Technique

The procedures were performed under spinal anesthesia. After 
routine sterile preparation and draping, a complete examina-
tion of the knee was done; knee instability was confirmed and 
measured with sterile Rolimeter device (Aircast®, Boca Raton, 
and FL, USA) and Jerk Test. Standard knee arthroscopic por-
tals were made. Routine exploration of the knee was carried 
out in a stepwise manner and cruciate ligaments were inspected. 
Partial tear of the ACL was confirmed by probing the AM and 
PM bundles at different flexion angles and in a “figure of four” 
position of the knee. Lachman and Jerk Test with direct visu-
alization of both bundles were performed.

From our arthroscopic examination, we classified ACL 
tears into Type I: AM partial lesion (<100%), Type II: PL 
partial lesion (<100%), Type III: both bundles partially torn, 
Type IV: complete lesion (Table 1).

After the assessment, associated lesions were treated 
accordingly, that is, meniscectomy, meniscal suturing, chon-
droplasty, and medial collateral ligament with transcuticular 
perforations. PDS sutures #1 (Ethicon, Piscataway, NJ) were 
then passed around and through the injured part of the ACL 
with a standard Clever Hook or ExpressSew (DePuy Mitek®, 
Raynham, MA) and were tied using a Duncan loop to the 
residual ACL part, that is, AM to AM and PL to PL (Fig. 1). 
The aim of these sutures was just the re-approximation of the 
injured part in order to reduce the gap between the residuals 
and creating a continuity of the ligament promoting sponta-
neous healing facilitated by mesenchymal stem cells (MSC) 
from the bone marrow perforation.

Microfracture holes were 1.5 mm in diameter, 3–4 mm 
apart, and 3 mm deep, were made around the natural ACL 
femoral insertion using an awl with extreme caution avoid-
ing the residual part of the ACL. Under direct visualization, 
bleeding was confirmed (Fig. 2).

Table 1 Classification of ACL partial tears

Type Description No. of patients

I Anteromedial bundle 
partial lesion (<100%)

20

II Posterolateral bundle 
partial lesion (<100%)

4

II Both bundles partially 
torn

12

IV Complete tear 0
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In cases of lesions type III (both bundles stretched but not 
interrupted) we did not perform sutures but just bone marrow 
perforation.

Partial tear of the ACL was confirmed by probing 
arthroscopically the AM and PM bundles at different flexion 
angles. Sutures were then passed around and through the 
injured part of the ACL and were tied to the residual ACL 
part. The aim of these sutures was just the re-approximation 
of the injured part in order to reduce the gap between the 
residuals and creating a continuity of the ligament promoting 
spontaneous healing facilitated by MSC from the bone mar-
row perforation (microfractures).

Rehabilitation Program

The rehabilitation protocol was based on functional rather 
than temporal criteria; the progression of the recovery was 
related to the achievement of specific criteria that allow the 
patient to proceed to the next rehabilitative phase.

We recognized five fundamental steps in the rehabilita-
tion program [24] that were pursued in a gradual manner:

1. Resolution of pain, swelling, and inflammation.
2. Recovery of range of motion (ROM) of joints and muscle 

flexibility.
3. Recovery of muscle strength.
4. Recovery of motor patterns and coordination.
5. Recovery of athletic gesture.

From a functional point of view, in our protocol, we identi-
fied three phases characterized by micro-objectives, which 
ended with the achievement of specific functional criteria as 
set out at the end of each stage (Table 2).

The first weeks after surgery are important for the healing 
process of the repaired ACL, thus we used a brace in extension 
for at least 3 weeks to protect the ligament; at the same time 
exercises that can overstress the ligament were avoided [1]. 
Continuous passive range of motion in a limited ROM was 
prescribed 4–6 h a day in order to avoid arthrofibrosis. We 
suggested a gradual increase of the ROM up to 90° by 
2–3 weeks, and progressive recovery of ROM. Partial weight 
bearing with crutches was prescribed the first 3 weeks; then 
weight bearing as tolerated. The protocol emphasizes the 
recovery of strength and proprioceptive abilities. If reaching 
fixed goals in phases 1 and 2 almost completely allows for 
activities of daily living (walk, stairs climbing, slow line run-
ning), during the last part of rehabilitation the objectives 
were aimed at optimal functional recovery so as to restore 
the patient’s sports life. This was done on the field, through a 
progression of exercises in respect to the musculoskeletal 
and neurological components involved in the recovery pro-
cess, proceeding from general to sport-specific pattern of 
movement. An important part of the rehabilitation is the 
recovery of athletic general condition which was pursued 
from the beginning, before patient was able to run, by alter-
native methods (aerobic exercise with arm-ergometer, cycle-
ergometer, cross-training machine) and finally with 
progressive aerobic and anaerobic exercises by running.

Recovery of walking, running, and sport activity were 
allowed according to specific clinical parameters and func-
tional objectives as indicated in Table 2.

More details on exercises performed in the pool, gym, and 
on field during the rehabilitation program are explained in 
Table 3.

Statistical Methods

Analysis was performed using SPSS for Windows 10.0 
(SPSS Inc., Chicago, IL, USA). Differences between prein-
jury, preoperative, and postoperative continuous variables 
were tested using the Wilcoxon Signed Ranks Test. A non-
parametric Kruskal Wallis Test was used to analyze differ-
ences between outcomes of group of patients with or without 
associated lesions. Direct correlation (Pearson Correlation) 

Fig. 1 Suturing of the torn stump to the intact residual stump

Fig. 2 Microfracture around the periphery of the ACL stump on the 
femoral side
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was performed to determine the relationship between 
Psychovitality and return to sport (the difference between 
preinjury and final follow-up Tegner rating).

Results

Mean follow-up of the 36 patients was 27.5 months 
(range 15–51 months). Mean patient age was 28.3 years 
at time of surgery (SD = 9.3); 72% (26 of 36) of patients 
were male.

All patients complied with the rehabilitation program. 
The average number of session was 46.2 (SD = 11.7). The 
return to sport activities was reached meanly at 5.9 (SD = 1.3) 
months after surgery.

Mean preoperative side-to-side difference in knee AP 
translation measured with Rolimeter was 4.1 mm (SD = 1.6). 
Pivot Shift under anesthesia was performed in all our patients: 
resulted positive in 15 patients, glide in 13 patients, and neg-
ative in 8 patients.

Mean preoperative Psychovitality was 14.7 (SD = 3.3).
We had no infections or major postoperative complica-

tions. One of our patients presented with loss of ROM greater 
than 15° at final follow-up but he also had a chondral lesion 
grade 3 and had an IKDC Objective score of D.

Postoperative side-to-side difference of anterior knee 
translation was reduced from 4.1 mm (SD = 1.6) to 1.4 mm 
(SD = 0.8), showing a significant difference (p <0.001). No 
patient had 3 mm side-to-side difference at final 
follow-up.

Table 2 Criteria of progression in rehabilitation phases

Functional phases Micro-objectives Criteria of progression

Phase 1: Recovery of walk and 
autonomy in daily life (0–8 weeks)

–  Protection of the ligament avoiding 
forces that shear the tibia on the femur

1. Full extension, flexion >120° recovery

–  Pain, swelling and inflammation 
control

2. Absence or minimal pain and swelling

– Full extension recovery 3. Deambulation in full weight bearing with correct 
walk-pattern

– Gradual flexion recovery 4. Adequate quadriceps recruitment of muscle tone 
and trophysm–  Quadriceps neuromuscular control 

recovery
–  Adequate walk-pattern recovery

Phase 2: Recovery of online running 
(8–16 weeks)

– Recovery of full range of motion 1. Complete movement recovery

–  Good recovery of the knee extensor-
flexor muscles tone-trophysm and 
flexibility

2. Absence of pain and swelling

–  Functional progression and introduc-
tion of open kinetic chain exercises 
with resistance

3. Absence of complications

–  Good functionality and autonomy in 
daily activities

4. Good running-pattern without pain

– Absence of pain and swelling 5. Appropriate tone-trophysm muscle control and 
proprioceptive (Isokinetic knee test approximately 
80% of contralateral limb)

6. Single Leg Hop test approximately 80% of 
contralateral limb

Phase 3: Recovery of sport patterns 
(16–24 weeks)

–  Complete muscle tone-trophysm 
recovery

1. Return to high impact sport activity (e.g., football, 
volleyball…) is granted at the end of the trail 
rehabilitation if:

– Adequate basic sport gesture recovery – Good pattern of running, and specific sport patterns 
without pain or sensation of diversity

– Proper neuromuscular control in 
dynamic proprioceptive exercises

– Isokinetic testing >90% of contralateral limb

– Absence of pain and complications – Functional Test >90% contralateral limb (e.g., Single 
Leg Hop test…)– Gradual recovery of specific sport 

patterns
– Athlete’s general condition recovery



Clinical Outcomes and Rehabilitation Program After ACL Primary Repair and Bone Marrow Stimulation   479

Table 3 Rehabilitation program

Phase 1 Phase 2 Phase 3

Brace  Brace locked in extension during walking and 
night for at least 3 weeks. The brace is removed 
during the day at rest and for rehabilitation exer-
cises and mobility with Kinetec®

– –

 From 4 to 6 weeks post-op brace with a free ROM 
as tolerated until full weight bearing and adequate 
walk-pattern

Weight bearing  Partial-weight bearing for 3 weeks (start with toe-
touch ambulation and increase to approximately 
10% of body weight) with the aid of two crutches 
and brace in extension. Subsequently progressive 
weight bearing as tolerated until complete, with 
use of articulated brace

Full-weight bearing –

Swelling  
and inflammation  
control

 Continuous cooling system (i.e., Cryo-cuff, AirCast® 
USA) in immediate postoperative phase

 Ice room for 20 min after the reha-
bilitative exercises and repeat on 
the same day if there is swelling to 
resolve joint swelling and heat

–

 Nonsteroidal anti-inflammatory drugs and antico-
agulants as prescribed

 Ultrasound, HeNe laser therapy and 
electrotherapy antalgic transcutane-
ous (TENS) as needed Antithrombotic socks until recovery of full-weight 

bearing
 Elevated limb at rest with active mobility of the 
ankle
 Ultrasound, HeNe laser therapy and antalgic tran-
scutaneous electrotherapy (TENS) as needed

Range of motion  Passive mobilization (degrees of flexion-exten-
sion): o first week: 10–60°. Subsequently increase 
of 5° per day until a mobility of 0–90° after 
2–3 weeks, 0–120° about at 6 weeks and complete 
by 8 weeks after the operation

 Progressive recovery of full ROM 
(as contralateral limb)

–

 Use kinetec® for about 6–8 h a day in the first 
3 weeks

 Active and passive full flexion and 
extension

 Extension exercises for recovery of full passive 
extension after the first 2 weeks. Do not hyper-
extend

Kinetec not necessary

Active and passive flexion.
 Active extension is not allowed for the first 
3 weeks
–  After the third week begins active extension 

without resistance between 90° and 40°
–  After the sixth week it is allowed active 

flexion-extension without resistance

Muscle  
strengthening

 1-Day postoperative recruitment exercises (flash 
contractions) and isometric contraction of the 
quadriceps with knee in extension and foot in neu-
tral position In the following days and weeks, with 
respect to conditions of the knee (presence of pain, 
swelling, heat, level of mobility…) the following 
muscular strength exercises can be introduced:

 Closed kinetic chain strengthening 
exercises (e.g., leg press, squat…) in 
concentric and eccentric modalities

 Progression of open and 
closed kinetic chain 
strengthening exercises, 
particularly for quadri-
ceps and knee flexors

– Lift of extended limb (small weigh)  Open kinetic chain strengthening 
exercises (like leg extension) pro-
gressing from 90° to 40° to full 
extension and using gradually con-
centric and eccentric distal 
resistance

 Isokinetic training at low 
angular speed full ROM

–  Co-contraction exercises (quadriceps and 
hamstrings)

 Isokinetic strengthening (starting with 
high angular speed and limited ROM)

Plyometric exercises

– Electrical stimulation of the quadriceps muscle  Strengthening exercises of adductor, 
abductor and glutei muscles

(continued)
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Phase 1 Phase 2 Phase 3

–  Active flexion-extension of the ankle with  
elastic resistance

 Concentric and eccentric knee flexor 
exercises (type-leg curl)

–  Strengthening exercises of the adductor, 
abductors, and gluteus muscle with knee in 
extension

 Proceed with exercises of reinforce-
ment and control of the movement of 
the knee (lateral step up and anterior-
posterior displacement of weight, 
leg press, wall slide…)

–  Closed kinetic chain sub-maximal strengthening 
exercises in a limited ROM (0–40°, e.g., 
mini-squat, elastic leg press...) by weeks 3–4

 Strengthening exercises of flexor 
and dorsal muscles of the ankle + sta-
bilizers muscles

–  Sub-maximal strengthening exercises for knee 
flexors (leg curl…)

 Increase level of exercises of 
strengthening and control of the 
muscles of the trunk and deep 
abdominal (core stability)

 Once the patient can walk without crutches and 
with good control of the movement in walking, 
can start these exercises:
–  Reinforcement and control of correct movement 

of the knee (e.g., step up anterior-lateral and 
posterior with displacement of weight, leg press, 
wall slide…)

–  Concentric-eccentric plantar flexion in full 
weight bearing

–  Exercises of strengthening and control of the 
muscles of the trunk and deep abdominal (core 
stability)

 Precautions: Avoid open kinetic chain exercises 
for quadriceps against resistance (like leg exten-
sion) for the first 6–8 weeks and then start with 
proximal resistance and limited ROM

Muscles 
stretching

 Muscle stretching (hamstrings, triceps surae, pos-
terior muscular chain, iliopsoas, tensor of fascia 
latae, and quadriceps once 130° flexion at least has 
been reached

 Muscle stretching (hamstrings, tri-
ceps surae, posterior muscular chain, 
iliopsoas, tensor of fascia latae, and 
quadriceps once 130° flexion at least 
has been reached

 Proceed with muscle 
stretching

Proprioceptive 
exercises

 Bi and monopodalic proprioceptive exercises in 
partial weight bearing (seated) from the second to 
third week and full weight bearing by fourth to 
fifth week. Subsequently:

 Bi and monopodalic proprioceptive 
exercises full weight bearing

 Advanced proprioceptive 
exercises with dynamic 
control of the movement 
(bi and monopodalic)

Small proprioceptive paths – Complex proprioceptive pathways

Simple exercises on bouncer – Running and jumps on bouncer

Manual therapy  Soft massage of the knee and calf  Decontracturant massotherapy of 
thigh and calf (end of session)

If needed
 Patellar mobilization from the second postopera-
tive week
 Massotherapy of the quadriceps, hamstrings, and 
ileum-tibial tract

Aerobic exercise 
and functional 
activities

Ergometer arms Ergometer arms  Cycling, swimming, aero-
bic machines in the gym, 
running…

 Exercises for walking at different speeds on 
treadmill

Propaedeutic exercises for running

 Bike without resistance when ROM 0°–100° with 
high r.p.m, then progressive resistance with slower 
r.p.m.

 Progressive on line running at differ-
ent speeds on treadmill and soft, uni-
form terrain

 Cross-trainer machine, stepper Bike with progressive resistance
 Swimming (straight leg) after the sixth postopera-
tive week

Swimming

Hydro-therapy  Rehabilitation in the pool is recommended from 
the second to third week postoperative

 The water rehabilitation continues at 
this stage through progressive exer-
cises and sport-specific movements.

If needed

Table 3 (continued)
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Tegner improved from a 3.2 (SD = 1.1) preoperative to a 
6.4 (SD = 1.5) postoperative, showing a significant difference 
(p <0.001). Final Tegner was similar to preinjury Tegner of 
7.0 (SD = 1.2 and p = 0.020). Eight patients (22%) did not 
return at the same preinjury sport level; in four cases, the 
main reason was a choice to reduce the activity level, not an 
impairment and final Tegner score resulted only in one point 
reduction, compared to preinjury level. In two cases, the dif-
ference was two or more points, these patients had associated 
meniscal and chondral lesion, and final IKDC objective score 
was abnormal.

SANE improved from 46.1 (SD = 13.2) to 87.3 (SD = 12.4), 
with a significant difference (p <0.001); however, final SANE 
was significantly lower than preinjury SANE of 99.5 
(SD = 1.9 and p <0.001).

Final Marx of 9.3 (SD = 3.6) was similar to preinjury 
Marx of 10.6 (SD = 4.4 and p = 0.011). Final Noyes of 83.1 
(SD = 7.2) was similar to preinjury Noyes of 82.5 (SD = 5.8 

and p = 0.303) while Lysholm mean score was 93.5 (range: 
79–100; SD = 5.5).

Final IKDC Objective Knee Score was normal (A) in 
28/36 patients (78%) nearly normal (B) in 7/36 patients 
(19%), and severely abnormal (D) in one patient (3%). All 
eight of these patients had associated pathology in addition 
to the ACL injury.

A total of 4 patients out of 36 (17%) underwent a second-
look procedure: 4 patients voluntarily agreed to participate in 
a second look arthroscopy and 2 patients had a second opera-
tion because of a new minor traumatic event. These two 
patients required an additional surgery to address meniscal 
tears (one medial, one lateral); however, the ACL appeared 
healed, arthroscopy showed ACL bundles with good vascu-
larity, minimal fibrous tissue, and stable on probing. 
Postoperative MRI at 8 months show an intact ACL (Fig. 3).

Two patients (5.5%) had a new injury during sport activ-
ity and underwent a standard ACL reconstruction.

Phase 1 Phase 2 Phase 3

 Exercises are conducted in the early stages of 
rehabilitation aimed at controlling pain-swelling, 
recovery of the normal path of mobility, muscle 
tone, and control proprioceptive

 Muscular strength and aerobic 
reconditioning are practiced. Such 
exercises in water alternate to “dry” 
rehabilitation in the gym are useful 
to promote an early recovery avoid-
ing the risk of overload

 By this stage exercises aimed at recovering spe-
cific neuromotor sport pattern are practiced

Field –  Confidence acquisition toward the 
environment and the ground, run-
ning without shoes on place, running 
on line, running with changes of 
direction

 Running patterns, curve 
running, circle running, 
sprints, and quick stops
 Plyometric jumps, skips, 
lateral movements, bipo-
dalic and monopodalic 
hops, lateral hops
 Advanced proprioceptive 
exercises with dynamic 
control of the movement 
(bi and monopodalic)
 Aerobic and anaerobic 
lactate exercises
 Motor patterns of general 
sport activities (exercises 
with control of the eccen-
tric phase of movement, 
braking and changes of 
direction, monopodalic 
jumps con  trolling the 
phase of flight and 
landing…)
 Gradual recovery of sport-
specific gestures (until 
sport-specific move ments 
at high intensity…)
 Anaerobic alactacid 
exercises

Table 3 (continued)
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Discussion

Our study shows that in a selected group of patients, ACL 
primary repair and bone marrow stimulation associated with 
a specific rehabilitation program can restore knee stability 
and function in young athletes with acute incomplete ACL 
tears. It is important to consider that we had strict inclusion 
criteria and not all ACL acute lesions can be treated with this 
technique. Theoretically, preserving the native ACL will 
avoid loss of proprioception and graft harvest morbidity 
associated with ACL reconstructive surgery [22].

In our athletic population 78% were able to return to the 
same Tegner Activity Level and presented at final follow-up 
a normal IKDC objective score. Also, other evaluation scores 
(Marx, Noyes) were compatible with a good recovery of 
function at final follow-up, similar to preinjury levels. Sane 
score resulted inferior to the preinjury and we believe that 
this could be due in part to an incomplete recovery of self-
confidence on the operated knee.

The results of our investigation were consistent with a 
study done by Steadman et al. [23]. The authors evaluated the 
outcome of athletically active, skeletally immature patients 
with proximal ACL tears treated with the healing response 
technique, which is similar to the microfracture technique 
used in the treatment of cartilage defects, to promote healing. 
At an average follow-up of 69 months pos-operatively, 10 out 
of his 13 patients had excellent clinical scores using Lysholm, 
Tegner, and subjective evaluation data. The authors con-
cluded that with proper patient selection, healing response 
procedure could restore knee stability and function and allow 
them to return to high-level sports and activities. Similarly in 
our study, about 80% had good functional knees at final fol-
low-up using the same knee analysis parameters.

As previously mentioned, no specific protocols have been 
reported after ACL primary repair, but we can assume that 
rehabilitation can be similar to ACL reconstruction, with 
some adaptations. Beginning from the 1990s onward, based 
on Shelbourne’s work on accelerated rehabilitation, rehabili-
tative programs after ACL reconstruction have been substan-
tially modified leading to a shorter functional recovery [29]. 
Several authors have demonstrated that accelerated rehabili-
tative protocols do not compromise joint stability at follow-
up controls in the long term [2, 16, 18, 23, 27]. Our point of 
view on the matter is that rehabilitation must be “tailored” on 
the single patient, considering all different factors (clinical, 
physiological, social, psychological), which influence the 
recovery, as demonstrated by other authors [14, 24].

The main difference in our protocol compared with stan-
dard ACL reconstruction, is the protection of the repaired 
ACL during the first 3–6 weeks after surgery, in order to 
allow the healing of the tissue. Therefore, we adopted a brace 
locked in extension to protect the ligament during the first 
3 weeks and then a gradual recovery of walk pattern discour-
aging at the same time activities that can overstress the liga-
ment up to 6–8 weeks after surgery. Concurring with several 
authors for traditional ACL reconstructed knees, our pro-
gram initially focuses on resolving pain, swelling and inflam-
mation, and on restoring the range of motion [21, 25].

Once we had achieved this, the focus was then placed on 
recovering strength, proprioception, and sport-specific pat-
terns [2, 29].

A proprioceptive training program is fundamental for the 
recovery of neuromuscular patterns [4, 12] and this alone can 
induce strengthening of the muscle with functional activity 
improvement [3, 15]. In particular, we believe that during 
rehabilitation they are fundamental functional exercises that 
reproduce gradually the movements of ADL and sport ges-
ture; [11] the capacity of voluntary physical exercise to up-
regulate selected genes associated with neuronal plasticity in 
the spinal cord and skeletal muscle is reported , indicating 
the relevance of exercises that specifically “teach again” the 
correct movements on the operated knee.

Important advantages in the rehabilitation after this surgi-
cal technique, which respects the native ligament, are the 
preservation of ligament proprioceptive characteristics and 
the absence of graft harvest morbidity. These factors can lead 
to a faster recovery in the late phase of the rehabilitation in 
comparison to standard ACL reconstruction, with less inci-
dences of complications [26, 34].

The safety of the proposed rehabilitation program is assured 
by the goal-oriented protocol based on recovery of full ROM, 
strength, and sport-specific skills without pain, swelling, or effu-
sion. These clinical signs are indicative of the delicate balance 
required to promote the healing of the tissue and together with 
functional criteria must be always considered for load progres-
sion, under the supervision of the orthopedic surgeons [24].

Fig. 3 Eight months postoperative MRI
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Patients were active, young, and complied with the reha-
bilitation program. We believe that these characteristics were 
also relevant to determine the final clinical result.

We believe that this technique could be an alternative to 
the carefully selected patient as this can be done in a very 
young patient without fear of disturbing open physis with 
creation of tunnels. This technique also does not burn any 
bridges and an ACL reconstruction can still be done in the 
future without any problems.

Our study had some pitfalls: the study design was not ran-
domized and we could not use a control group of untreated 
patients for ethical reasons although we hypothesize that 
some patients could heal without any treatment. Also, since 
graft failure and/or re-ruptures were reported by other 
authors, even if we reported two cases of failure, a longer 
follow-up will be needed to better understand the role of this 
technique to ACL injury treatment. In addition, future study 
considering a biopsy of the ACL healing site would also 
strengthen our clinical observation of knee stability, as we 
have no proof of the biomechanical characteristics of our 
scar tissue.

Conclusions

ACL primary repair and healing stimulation technique can 
be a viable treatment in acute partially torn ACL. Careful 
patient selection and proper functional rehabilitation are 
essential to achieve good results [34]. However, further stud-
ies are necessary to know the definite role of primary repair 
and bone marrow stimulation technique in the treatment of 
ACL tear of the knee.
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Return-to-Play Decision Making Following 
Anterior Cruciate Ligament Reconstruction

John Nyland and Emily Brand 

Multiple Factors to Consider

Return-to-play decision making following anterior cruciate 
ligament (ACL) reconstruction and rehabilitation is an essen-
tial component of having a successful outcome. No matter 
how innovative and progressive, the surgical and rehabilita-
tion interventions deciding on when an athlete is ready to 
return to unrestricted, competitive sports participation can be 
very difficult. When attempting to make this determination it 
is important to have a sound understanding of the timetables 
associated with graft fixation strength, bone mineral density 
in the tunnel regions, graft strength, and healing-remodeling 
characteristics. As important as this information is, however, 
it represents only one factor in the decision-making process. 
When deciding upon an athlete’s return-to-play readiness 
there is often more to the total picture than meets the eye. In 
addition to having sufficient foundational strength, power, 
and endurance to withstand the physiological demands of 
their sport, the athlete must also demonstrate self-efficacy or 
confidence in using the reconstructed knee, display consis-
tently proper sports movement (sprinting, back pedaling, 
cutting, jumping, sudden starting-stopping, etc.) technique 
and biomechanical alignment, and have close to equivalent 
single lower extremity power. Likewise, it is important to 
know the status and quality of secondary contractile (both in 
and out of the primary sagittal or frontal movement planes) 
and noncontractile knee joint stabilizers (such as the collat-
eral ligaments and the menisci) and whether a functional 
knee brace or simple sleeve with collateral hinges will be 
needed. Making the decision to play using a knee brace is not 
inconsequential. In a three-dimensional kinematics and elec-
tromyographic analysis during treadmill running with or 
without functional knee brace use Theoret and Lamontagne 
[28] reported that the braced condition decreased total active 
knee range of motion, increased hamstring activation, and 
decreased quadriceps activation.

Myer et al. [21] described a staged, criteria-based progres-
sion to determine when an athlete who is status-post ACL 
reconstruction is ready to safely advance to sport-specific 
training. To advance they need to have an IKDC Subjective 
Knee Evaluation score > 70, must have a negative pivot shift 
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test (with no subjective history of the knee “giving way”), 
and must display peak isokinetic knee extensor torque/body-
weight values of >40% for males and >30% for females at 
300º/s and >60% for males and >50% for females at 180º/s. 
Following the achievement of these entry-level goals, the 
athlete progresses through stages requiring the successful 
performance of progressively more challenging balance, 
double and single leg jump, hop training, vertical jump drop 
landings, and agility tests. Additionally, single leg power is 
evaluated using a force platform over a 10 s test period with 
the expectation of having a <15% side-to-side difference 
before completing the fourth and final stage. Throughout this 
staged progression, both quantitative and qualitative evalua-
tions are performed to ensure appropriate technique, particu-
larly during single lower extremity jump or hop landings.

Index Injury Pathomechanics, Tissue Type, 
and Information Sources

Reviewing the pathomechanics that contributed to the index 
knee injury is useful both for planning rehabilitation and con-
ditioning programs as well as for establishing return to play 
readiness criteria. Similarly, it is vital to have a thorough 
knowledge of the athlete’s previous injury and general health 
history, and the presence of any comorbidity. In my experience, 
athletes who display general hyperelastic tendencies at sec-
ondary capsuloligamentous knee stabilizers warrant particular 
attention on establishing mid-range dynamic knee joint stabil-
ity and coordinated neuromuscular contractile stiffness, rather 
than focusing on end range knee extension and flexion goals. 
Additionally, these athletes may benefit more from the prop-
rioceptive attributes of knee brace or sleeve use over the first 
year following return to sports in addition to any motion con-
trol benefits that they may provide, particularly when soft tis-
sue grafts are used. Using Beighton Scale tests of knee, elbow, 
and wrist hyperelasticity can help identify these athletes [7]. 
Although female athletes are more likely to display hyperelas-
tic knee joints, it is not uncommon in males. Once identified 
these athletes should be counseled regarding the need to focus 
on mid-range dynamic knee joint stability during sensorimo-
tor, high intensity strength power, and neuromuscular training 
progressions rather than routinely moving against resistance 
into knee hyperextension. Developing improved mid-range 
dynamic knee joint stability is essential for these athletes, par-
ticularly optimizing use of the hips [25] as they consistently 
demonstrate the ability to return to the “athletic ready position” 
without cueing when confronted with repetitive sport move-
ment challenges, fatigue, etc.  (Fig. 1). What are the compo-
nents that we know contribute to ACL injury prevention? How 
do they influence return-to-play readiness decision-making? 
Are there specific components that become more important 

following ACL reconstruction? Having detailed information 
regarding the index knee injury (noncontact event or contact, 
collision event) and perhaps having a better understanding of 
seemingly lesser important earlier onset events (first degree 
medial collateral ligament sprain or knee joint effusion) that 
may have contributed to the index ACL injury are essential 
to know, in addition to their contributing pathomechanics. In 
a prospective, three-dimensional kinematic and kinetic study 
of 205 females athletes (soccer, basketball, and volleyball 
players), Hewett et al. [18] reported that the nine players that 
eventually experienced an ACL rupture had evidence of an 8° 
greater knee abduction angle during initial jump landing. They 
also had a 2.5 times greater external knee abduction moment 
and had 20% greater vertical ground reaction forces during 
landing, all occurring in 16% shorter stance time than play-
ers that did not sustain an ACL injury. They also reported that 
the magnitude of the external knee abduction moment pre-
dicted ACL injury risk with 73% specificity and 78% sensitiv-
ity. Therefore, neuromuscular training that focuses on proper 
single leg jump landing technique and alignment is essential. 
Simple cues of butt down, back straight or erect, and head 
up trying to keep the body’s center of mass centered near the 

Fig. 1 The athletic ready position
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middle of the foot rather than too far toward the toes or heels 
can decrease the likelihood of knee reinjury and improve per-
formance. Use of the arms to increase both jump take-off and 
landing efficiency can also greatly help improve performance 
technique and decrease the chance of knee reinjury.

Prior to entering the phase where we are considering 
releasing the athlete to full unrestricted competition we 
should already have a complete understanding of the totality 
of factors that may have contributed to the index knee injury 
(conditioning level, practice or game situation, fatigue state, 
field surface [17, 24] and conditions, footwear, etc.). 
Additionally, we need to confirm how effective the rehabili-
tation program restored isolated lower extremity and core 
component weaknesses, inflexibility, and proprioception-
kinesthetic awareness during slower speed movements prior 
to confirming appropriate movement technique and align-
ment proficiency during relevant athletic movements per-
formed at high speed and intensity. When advanced 
neuromuscular rehabilitation has carefully corrected identi-
fied impairments and functional limitations in a slow-to-fast 
velocity progression, and from more isolated-to-more inte-
grated function, the sport-specific training and return-to-play 
decision-making timetable should be less problematic. Input 
from the patient, physical therapist, athletic trainer, coach, 
sport psychologist (and others that are close to the athlete) 
can provide helpful information. How often does the athlete 
think about their knee injury? Do you ever observe them 
favoring the reconstructed knee, and if so, when?

Game Versus Practice Injuries

When rehabilitating a patient following ACL reconstruction 
we seldom question their readiness to return to activities of 
daily living or to most vocations. However, given what we 
know about the knee injury or reinjury risk associated with 
sports such as American football, soccer, basketball, and team 
handball, it is quite understandable why knee surgeons and 
rehabilitation clinicians take a pause before making this crucial 
decision. By increasing our knowledge of the knee injury risk 
associated with practice or game situations in different sports, 
we can design rehabilitation and conditioning interventions 
that better prepare the athlete and prevent re-injury following 
ACL reconstruction. In college baseball, the knee is the fourth 
most frequent injury site during games after upper leg strains, 
ankle sprains, and shoulder strains [16]. During practice, it is 
the seventh most frequent injury site after shoulder strains, ankle 
sprains, upper leg strains, shoulder tendonitis, low back strains, 
and other unspecified, reportable injuries. The knee injury rate 
per 1,000 athlete-exposures is more than three times higher in 
games than in practice (0.21 vs 0.06). In American college 
football, the knee is the most frequently injured region during 

games, fall practice, and spring practice [10]. The knee injury 
rate per 1,000 athlete-exposures is greatest during games (6.17) 
followed by spring practice (1.58) and fall practice (0.46). Once 
again, the knee injury rate during games is considerably higher 
during games than practices. In men’s college basketball, the 
knee is second only to the ankle in terms of injury frequency 
both during games and practice [11]. The knee injury rate per 
1,000 athlete-exposures is more than two times higher in games 
(0.66 vs 0.25). In women’s college basketball, the knee is also 
second only to the ankle in terms of injury frequency both 
during practice and games [4]. The knee injury rate per 
1,000 athlete-exposures is more than three times higher in 
games (1.22 vs 0.37). In women’s college field hockey, the 
knee is second only to the ankle in injury frequency during 
games, however, it is only the fourth most frequent practice 
injury site (after upper leg strains, ankle sprains, and hip region 
strains)[12]. The knee injury rate per 1,000 athlete-exposures is 
more than twice as high (0.57 vs 0.20) in games as during prac-
tice. In women’s college gymnastics, the knee is the most fre-
quent injury site during competitions and second to the ankle 
in practice injury site frequency [19]. The knee injury rate per 
1,000 athlete-exposures for women’s gymnastics is more than 
five times higher during competition than during practice (3.04 
vs 0.53). In men’s college ice hockey, the knee has the high-
est injury frequency during games and is second only to hip 
region strains during practice [2]. The knee injury rate per 
1,000 athlete-exposures is 11 times higher during games than 
practice (2.20 vs 0.20). In women’s college ice hockey, the 
knee is second only to concussions for game injury frequency, 
and is the fourth most frequent injury site during practice after 
concussions, hip region strains, and foot contusions [1]. The 
knee injury rate per 1,000 athlete-exposures is more than ten 
times higher during games than practice (1.63 vs 0.15). In 
men’s college lacrosse, the knee is second only to the ankle in 
injury frequency during games and is the third most frequent 
injury site after ankle sprains and upper leg strains during prac-
tice [15]. The knee injury rate per 1,000 athlete-exposures is 
almost five times higher during games than during practice 
(1.14 vs 0.23). In women’s college lacrosse, the knee is the 
second most injured site after the ankle during games, and is 
the third most injured site after the ankle and upper leg during 
practice [13]. The knee injury rate per 1,000 athlete-exposures 
is five times higher during games than practice (1.00 vs 0.20). 
In men’s college soccer, the knee is the second most common 
injury site after the ankle, while in practice it is the fourth most 
common injury site following ankle sprains, upper leg strains, 
and hip region strains [3]. The injury rate per 1,000 athlete- 
exposures is more than six times higher during games than 
practice (2.07 vs 0.33). In NCAA women’s college soccer, 
the knee is the second most common injury site after ankle 
sprains during games, and the third most common injury 
site during practice after upper leg strains and ankle sprains 
[14]. The knee injury rate per 1,000 athlete-exposures is 
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more than six times higher during games than practice (2.61 
vs 0.40). In women’s college softball, the knee is the sec-
ond most injured site during games after ankle sprains [20]. 
During practice, it is the fourth most injured site following 
ankle sprains, upper leg strains, and shoulder strains. The 
knee injury rate per 1,000 athlete-exposures is more than 
twice as high during games than practice (0.37 vs 0.14).  
In women’s college volleyball, the knee is the second most 
common injury site after ankle sprains during games [5]. 
During practice, it is the fourth most common injury site fol-
lowing ankle sprains, upper leg strains, and low back strains. 
The knee injury rate per 1,000 athlete-exposures is more than 
twice as high during games than practice (0.46 vs 0.22). In 
men’s college wrestling, the knee is the most common injury 
site during matches, and the second most common site to skin 
infections during practice [6]. The injury rate per 1,000 ath-
lete-exposures is more than seven times higher during matches 
than during practice (6.03 vs 0.84). In a prospective study of 
German senior division team handball (mean age = 25.8 years), 
Seil et al. [27] reported that overall, the knee was the most com-
monly injured site and overall, practice injuries were higher in 
lower performance level groups and game injuries were higher 
in high-level groups. In a prospective study of ACL injuries in 
Norwegian team handball, Myklebust et al. [22] reported that 
24 of the 28 (85.7%) observed injuries that occurred during 
the study period occurred during competition. Nearly all ACL 
injuries occurred in noncontact mechanisms as the player per-
formed high-speed plant-and-cut movements. Just as clinical 
rehabilitation sessions generally fail to replicate the relevant 
knee joint loading environment of organized team practices, 
unless carefully structured to do so, practices and the sport-
specific training that leads up to practice participation may not 
effectively prepare the athlete for the speed, intensity, and com-
petitive zeal associated with games and matches.

Gender Differences in ACL Injury Rates

In a meta-analysis of the incidence of ACL tears as a func-
tion of gender, sport, and a knee injury-reduction regimen, 
Prodromos et al. [26] reported that female athletes had a 
roughly three times greater incidence of ACL tears in soccer 
and basketball than male athletes. Injury-reduction programs 
were effective for soccer, but not for basketball. Recreational 
Alpine skiers had the highest ACL tear incidence, while 
expert Alpine skiers had the lowest incidence. Volleyball 
was a comparatively low risk sport for ACL injury. Year-
round female athletes who played both soccer and basketball 
had an ACL tear rate of approximately 5%. In Norwegian 
team handball, Myklebust et al. [22] reported more than five 
times greater incidence of ACL injuries among women than 
men (0.31 vs 0.06).

The Specificity of Return-to-Practice 
Planning

During advanced rehabilitation and sport-specific train-
ing, the rehabilitation clinician should have designed their 
interventions based on having a sound understanding of the 
component movements essential to the sport, the position 
played by the athlete, and the style of play used by the team. 
Information gained from an athlete’s self-report of perceived 
knee function is likely to generate an exaggerated or inflated 
score compared to their actual readiness for returning to play. 
In comparing the involved and noninvolved lower extrem-
ity neuromuscular performance and perceived function of  
25 patients, before surgery and at 6, 12, and 18 months post-ACL 
reconstruction, using bone-patellar tendon-bone autografts, 
with 40 healthy control group subjects, Wojtys and Huston 
[32] reported that despite 80% of surgical group subjects per-
ceiving that they had regained their preoperative function, a 
large number had residual involved lower extremity quadriceps 
femoris neuromuscular deficiencies. Since most sports require 
elements of strength-power, endurance-strength, dynamic knee 
stability, sound form-balance-alignment (technique), and agil-
ity or reaction time, I try to match several movement challenges 
that are relevant to an individual athlete under each of these 
headings for field-testing. For an example, in Table 1, I pres-
ent an example of a 17-year-old American football high school 
quarterback-linebacker. Evaluations included both qualitative 
and quantitative assessments performed with rigidly timed rest 
periods (based on sport/position physiological demands), under 
conditions of temperature, humidity, and a playing surface 
that closely simulated actual practice conditions. Field-testing 
included activities designed to frustrate, confuse, and challenge 
the athlete both mentally and physically in a controlled “worst 
case” scenario adding further anxiety to the experience more 
accurately ascertaining their true return to practice readiness. 
If I am going to “sign off” on an athlete being ready to return 
to sports I must challenge them in a manner that provides valid 
information about their readiness to compete individually, prior 
to including other players (teammates or opponents). Whenever 
possible, within 1 or 2 days after field-testing an athlete I like 
to meet with the player’s coach and have them put the player 
through their own set of drills and team tasks. This helps ensure 
confidence in both the coach and athlete and provides the coach 
with an opportunity to express any concerns or fears that they 
might have regarding what they should or should not expect 
from the athlete. To be cleared for participation, however, the 
rehabilitation clinician should be confident that the athlete is 
ready to compete no matter what the coach decides to have 
them do. Testing the player without much rest between ses-
sions further adds to the validity of the testing regarding their 
return-to-play readiness. During field-testing, it is essential to 
require sudden directional changes and other unexpected events 
such as might occur during athletic competition. In a study of  
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11 healthy males who performed cutting activities Besier et al. 
[8] reported that although external knee joint flexion-extension 
moments were similar between anticipated and unanticipated 
conditions, during unanticipated cutting (such as occurs dur-
ing play), knee varus-valgus and internal-external rotation 
moments were double the magnitude that they were during 
preplanned conditions. Based on their findings they suggested 
that there was an increased risk of ACL and collateral liga-
ment injury, particularly between 0° and 40° knee flexion, if 
appropriate neuromuscular activation strategies were not used 
to counter these moments. Chaudhari et al. [9] have shown how 
upper extremity position and carrying a ball or different sports 

implements can increase and significantly change knee loading 
during single lower extremity landings.

Return-to-Practice Precedes Return-to-Play

Return-to-practice is an important initial step prior to return-
ing to competitive play. For a minimum of 1–2 weeks, the 
athlete should participate in progressively less restricted and 
controlled practice activities. This should progress from 
individual instruction to drills including several teammates 
and finally to full squad practice sessions. This progression 
is essential to refine the athlete’s neuromuscular timing and 
confidence while avoiding the unnecessary knee reinjury 
risks associated with competitive play against opposing play-
ers and teams. To practice is to drill, to learn, or improve skill 
by repetition, to rehearse a behavior over and over again, to 
translate previous experiences into action. Successful perfor-
mance of practice activities is essential prior to releasing an 
athlete to full, unrestricted competitive play post-ACL 
reconstruction.

Return-to-Practice Readiness Field  
Testing Examples

Athlete #1. R.A. male, 17-years-of age, American High School 
football quarterback-linebacker. (Index Injury) October 18, 
2008. Hit by opposing lineman during “non-contact” football 
passing drill resulting in mid-substance ACL tear, grade 3 
medial collateral ligament sprain, and peripheral medial 

Table 1 Field Evaluation of Athlete #1

Form/balance 
(slow-to-fast progres-
sion; 20 m)

Power (20 m) Dynamic knee joint 
stability (20 m)

Agility Reaction timing Endurant high 
velocity 
movements

Form-run simulation × 2 Bungee resisted 
sprint-cut × 3

Timed single leg 
crossover hop × 2

Modified Illinois T test 
[21] × 10

Mirror drill 20 s × 3 10 m Sprint, cut 
on cue or stop 
repeats × 10

Cariocca × 2 Skipping-
bounding × 3

Two-leg lateral hop 
and one-leg landing 
with stabilization × 2

5 m triangle agility 
drill Timed 15 m 
cutting directional 
change course (x 10)
(Fig. 2)

10 m Shuttle run 
with cued football 
pick-up-release × 3

10 m Jog–20 m 
Sprint-10 m Jog 
repeats × 10

Back pedaling × 2 Two leg frog 
hops × 3

Single leg hop-go-stop 
for distance × 2

5 Step quarterback 
play simulation × 10

10 m Jog–40 m 
Sprint-10 m Jog 
repeats × 5

Striding out × 2 Single leg timed 
hop × 3

Wide single leg 
crossover hop and 
stabilize for 3 s × 2

Alternating high 
knees-quick stepping × 2

Tuck jumps [21]

Lateral shuffles × 2

Fig. 2 Triangle agility drill (quick, cued movements “ball-short-tall,” 
“tall-ball-short,” etc.) for 30 s
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meniscal tear of his left knee. (Surgery) November 19, 2008. 
ACL reconstruction using tibialis anterior allograft (bioab-
sorbable interference screw fixation), medial collateral liga-
ment suture repair, and medial meniscus repair with Fast-Fix 
devices. At 6 months post-surgery, following completion of 
outpatient physical therapy R.A. participated in 8 weekly 
Functional Fitness training sessions. At the initiation of these 
sessions his Knee Outcome Survey – Sports Activity Scale 
score was 65. At the completion of the program it was 100. 
(Field Evaluation #1) July 20, 2009, 1 p.m. Weather condi-
tions (88°F, 31.1°C, 90% relative humidity, no rain). Session 
took place at his high school football field. Athlete wore a 
functional ACL brace at his left knee and cleats. The brace 
was considered important in this case since as a right-handed 
quarterback his left lower extremity would be his lead side 
when passing. He ran two, 400 m laps at comfortable pace as 
warm-up. This was followed by self-selected static and bal-
listic stretching. Following warm-up and stretching, the activ-
ities listed in Table 1 were completed.

Rest periods with unlimited water were rigidly timed to 
approximate 20 s huddle times. The session ended with two 
400 m laps and repeated stretching. The session lasted 2 h. 
The athlete was encouraged to perform ice massage to his 
left knee when he got home. (Assessment) At no point dur-
ing the evaluation did I observe any evidence of dynamic 
knee instability at the athlete’s surgically reconstructed left 
knee. Additionally, the athlete’s football conditioning level 
was quite good, likely because he had continued to per-
form selected conditioning activities with his team. (Field 
Evaluation #2) June 22, 2008 (same conditions). Head foot-
ball coach and several teammates participated in this session. 
After warm-up and stretching, the football coach had the ath-
lete perform quarterback drills including spread offense pass-
ing, hand-offs to running backs, under center drop back and 
roll out passing, and passing from a “shotgun” position mov-
ing up and down the field five times without huddles. At no 
time did I observe any evidence of dynamic knee instability 
or hesitance in the athlete. The session finished with repeated 
stretching. The session last 1.5 h. Discussions with the coach 
led to the conclusion that having the athlete only play quar-
terback would be a good idea, as his chance of reinjury would 
increase as a football linebacker and with limited rest dur-
ing games. Based on these sessions, the knee surgeon and 
rehabilitation clinician approved his return to practice. (End 
of Season Outcome) The athlete completed his senior year 
of football without any difficulties, being selected to the all-
state team and setting several conference and school passing 
records. As of this writing, the athlete is playing quarterback 
for a small college football team.

Athlete #2. Another example is provided for a 22-year-
old female college soccer forward C.T. During her junior 
year she was hit directly on her right knee by another player 
who was going for the ball. (Index Injury) September 5, 
2008, mid-substance ACL tear, radial tear of lateral menis-
cus. (Surgery) September 19, 2008. ACL reconstruction 

using peroneus longus allograft (EasyLock femoral fixation, 
Washer Lock tibial fixation), partial lateral meniscectomy.

At approximately 8 months postsurgery and following 
completion of outpatient physical therapy C.T. participated 
in 8 weekly Functional Fitness training sessions. At the 
initiation of these sessions, the athlete’s Knee Outcome 
Survey – Sports Activity Scale score was 30. At the com-
pletion of the program it was 95. (Field Evaluation #1) July 
20, 2009, 10:00 a.m. Weather conditions (85°F, 29.4°C, 
85% relative humidity, no rain). Session took place at a 
city sports park. Athlete wore cleats, ran two, 400 m laps at 
comfortable pace as warm-up followed by self-selected 
static and ballistic stretching. Following warm-up and 
stretching, the activities listed in Table 2. were completed.

Rest periods with unlimited water were rigidly timed to 
approximately 20–30 s. The session ended with two 400 m 
laps and repeated stretching. The session lasted 2 h. The ath-
lete was encouraged to perform ice massage to her left knee 
when she returned home. (Assessment) At no point did I 
observe dynamic knee instability at the athlete’s right knee. 
With the single leg hop-go-stop test, she had approximately 
93% bilateral equivalence. During all activities, she displayed 
appropriate landing biomechanics more than 90% of the time 
and made appropriate corrections when cued to do so. She 
also displayed approximately 99% bilateral equivalence with 
20 m single leg timed hopping. A neoprene sleeve was rec-
ommended to facilitate improved knee proprioception for the 
first season following return to play. (Field Evaluation #2) 
July 22, 2009; 10 a.m. (same conditions). Head soccer coach 
and two teammates participated in this session. After warm-
up and stretching, the coach had all athletes perform a variety 
of soccer drills within a 20 m radius including ball skills, 
quick passing, sprinting-cutting-stopping, etc. Rest periods 
were rigidly timed. The session finished with repeated stretch-
ing. At no time did I observe any evidence of dynamic knee 
instability or hesitance in the athlete. The session lasted 2 h. 
Discussion with the coach led to the conclusion that the ath-
lete was ready to begin intensive preseason soccer prepara-
tion with her team on a 3-day per week basis. (End of Season 
Outcome) The athlete completed the season with her team 
scoring five goals (including three game winners), and two 
assists. She was voted player of the year by her teammates.

Synopsis

Return-to-play decision making requires consideration of 
biological, behavioral, and biomechanical readiness because 
each of these factors can contribute to the success or fail-
ure of ACL reconstruction and rehabilitation. The advanced 
rehabilitation and sport-specific training the athlete has 
participated in should have firmly embedded in them the 
confidence and self-efficacy needed to return to their sport. 
Returning to the role of an athlete, not a patient is essential.
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The athlete’s ability to translate and consistently return 
to the “athletic ready position” during repetitive dynamic 
sports movements without thinking about it is the key. 
While multidirectional hop distances and/or quick times 
are important and meaningful, quality movements with 
appropriate take-off and landing postures are of greater 
importance. In particular, head position should be up and 
centered, the trunk should be slightly flexed and cen-
tered, arm-swing should be symmetrical and controlled, 

there should be a moderate amount of well-controlled hip 
flexion and internal rotation when landing, the knees and 
lower legs should display symmetrical alignment without 

Fig. 4 Lateral hop and stabilization drill two-leg take-off

Table 2 Field Evaluation of Athlete #2

Form/balance 
(slow-to-fast 
progression; 
20 m)

Power (20 m) Dynamic knee joint 
stability (20 m)

Agility Reaction timing Endurant high velocity 
movements

Form-run 
simulation × 2 
(Fig. 3)

Bungee resisted 
sprint-cut × 3

Timed single leg 
crossover hop × 2

Modified Illinois T 
test [21] × 10

Mirror drills in 
20 m × 20 m field, 
30 s × 3

10 m Shuttle run × 3

Cariocca × 2 Skipping-
bounding × 3

Single leg hop-go-stop 
for distance × 2

5 m triangle agility 
drill with soccer ball 
kick and return to 
supine or prone 
30 s × 3

Directional cue sprint, 
kick 10 m × 10

10 m Sprint-cut-kick on 
goal × 10

Back  
pedaling × 2

Two leg frog 
hops × 3

Two leg lateral hop and 
one leg landing with 
stabilization × 2 
(Figs. 4–6)

20 m Figure 8 with 
cutting × 3

Fielding short and 
long crossing passes 
proceeding to goal 
kick × 10

10 m Jog–20 m 
Sprint-10 m Jog × 10

Striding out × 2 Single leg timed 
hop × 3

Wide single leg 
crossover hop and 
stabilize for 3 s × 2

10 m Jog–40 m 
Sprint-10 m Jog × 10

High knees-quick 
step × 2

Tuck jumps [21] Beep test [31]

Soccer ball 
juggling with 
knees × 2

Fig. 3 Form run simulation (blindfolded example)
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excessive genu varus or valgus during soft, quiet, con-
trolled, jump landings, and foot alignment should be sym-
metrical, aligned relatively straight ahead or minimally 
toeing out with moderate ankle dorsiflexion during soft, 
quiet, controlled jump landings.

The return-to-play decision should not take place as a 
single step following successful rehabilitation. Just as imme-
diate acute care goals should focus on functional milestones 
such as reestablishing normal, pain-free active knee range of 
motion and quadriceps femoris control during walking gait 
and activities of daily living, return-to-play decision making 
should likewise consist of progressive goals that need to be 
achieved prior to being released to unrestricted athletic com-
petition. Just as resistance training exercises are advanced 
in a controlled, progressive manner, so should activities be 
deemed as return-to-play readiness indicators. This repre-
sents a gradual progression from the highly protected and 
rigidly controlled exercises performed in the clinic to less 
protected, less controlled sport, position and style of play-
specific activities that closely simulate those to which the 
athlete will be returning. What used to be a simple “thumbs 
up” or “thumbs down” subjective opinion regarding expert 
perceptions regarding the readiness for an athlete to return 

to sports following ACL reconstruction has been replaced 
by a gradual decision-making progression that may take 
4–6 weeks (and sometimes more). Over this time period, the 
patient should progress from highly controlled functional 
activities performed in the rehabilitation clinic to individual 
tasks performed on the playing field or court with oversight 
by the rehabilitation clinician, to individual workouts with 
oversight by their coach and rehabilitation clinician, to two 
or three teammates performing sport-relevant drills with 
oversight by the rehabilitation clinician and coach, to even-
tual return to unrestricted activities with their team, all before 
being completely released to competition. More often than 
not, the athlete is not ready when they believe that they are! 
When the decision is made to allow the athlete to return to 
unrestricted activities, they should be required to successfully 
participate in 1–2 weeks of organized practice sessions with-
out restriction before being allowed to participate in the often 
random violence of competitive play. Even following their 
return to competitive play the athlete who has undergone 
ACL reconstruction should continue maintenance condition-
ing, particularly of the quadriceps femoris muscle group, for 
as long as they are athletically active, as the index injury may 
have long-term, even permanent, attributes [23, 29, 30].

Fig. 6 Lateral hop and stabilization one-leg landingFig. 5 Lateral hop and stabilization drill mid-flight
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Evaluation and Treatment of Isolated  
and Combined PCL Injuries

William M. Wind and John A. Bergfeld 

Introduction

Although current knowledge and treatment of posterior cru-
ciate ligament (PCL) injuries continue to lag behind those of 
anterior cruciate ligament (ACL) injuries, there has been a 
recent increased interest in PCL injuries over the last decade. 
This increased interest may be due to the evolving research 
in the anatomy and biomechanics of the PCL, continued 
inferior objective clinical outcomes of PCL reconstruction 
compared to ACL reconstruction, and controversy over the 
optimal reconstruction method [17, 20, 23].

One reason for the difference in the clinical results between 
ACL and PCL reconstruction is the relative infrequency of 
PCL compared to ACL surgery. In addition, until recently, 
the PCL has not been as extensively studied as the ACL.

In this chapter, we focus on the examination of isolated and 
combined PCL injury patterns. These two separate clinical 
entities are important to distinguish because their management 
is different. The tibial inlay method of PCL reconstruction is 
also outlined in detail in conjunction with its clinical results.

Incidence

There is considerable variability in the reported incidence of 
PCL injury in the literature. A recent review of the literature 
reported PCL tears occur in 1–44% of all acute knee injuries 
[49]. However, the true incidence of isolated PCL injuries 
may be unknown due to undetected injury. Miyasaka and 
Daniel reported a 3% incidence of PCL injury in the general 
population [39]. Fanelli and Edson reported a 38% incidence 
of PCL injury in the emergency room setting [18]. On the 
other hand, isolated, acute posterolateral rotatory instability is 
rare, occurring in less than 2% of all acute knee injuries [16].

Mechanism

High energy injuries, such as those sustained in motor vehi-
cle accidents, account for a higher incidence of PCL injuries 
than those sustained during athletic activity. PCL injuries 
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that result from motor vehicle trauma typically result from 
the classic “dashboard injury” when a posteriorly directed 
force is applied to a flexed knee [1, 34]. When an additional 
rotational component is present, a combined injury pattern 
may also occur. Up to 60% of PCL injuries have a combined 
posterolateral corner (PLC) disruption [18].

Athletic injuries, on the other hand, tend to have a higher 
incidence of isolated PCL injury. Parolie and Bergfeld 
reported a 2% incidence of PCL injury rate among asymp-
tomatic football players at the NFL combine [43]. Other 
studies show a sport-specific incidence of PCL injury, more 
frequently involving contact sports [3, 11, 35, 41, 50].

Isolated PCL tears in sports injuries commonly occur 
when an athlete falls onto a flexed knee with a plantar-flexed 
foot. Plantarflexion of the foot transmits posterior forces to 
the tibial tubercle as opposed to transmitting the force proxi-
mally toward the patellofemoral joint with the foot dorsi-
flexed [10, 12].

Other authors report a hyperflexion injury to be the most 
common mechanism in the isolated PCL injury [21]. With 
sudden, severe hyperflexion, interstitial failure occurs as the 
anterolateral band (ALB) is stretched beyond its elastic 
limit.

Acute forceful hyperextension is another described mech-
anism of indirect injury. This injury mechanism often results 
in a combined injury of the posterior capsule and ACL  
[8, 31]. The PCL is usually torn at its femoral attachment.

Finally, Shelbourne describes a pivoting-type mechanism 
as an athlete rapidly changes directions. An external rotation 
and posterior force are created as the femur internally rotates 
and translates anteriorly. This mechanism also typically 
results in combined PCL and capsular injury [47].

Clinical Evaluation

Acute, isolated PCL injuries present much differently than 
their ACL counterpart. Unlike ACL injuries, the patient usu-
ally does not experience a “pop” or “tear” at the time of the 
injury. Athletes may not be able to recall the exact mecha-
nism, are usually able to bear weight, and may even return to 
play. Subjective giving way or buckling, which is seen in ACL 
injuries, is rare in isolated PCL injuries. Typical complaints 
include pain in the back of the knee, mild to moderate swell-
ing, and a sense of “disability” rather than “instability” [10].

Patients with chronic, isolated PCL injuries most com-
monly complain of knee pain. Knee pain is often localized to 
the medial and patellofemoral compartments. Ambulation is 
difficult with the knee extended in midstance, and apprehen-
sion occurs with descending stairs due to a sense of unsteadi-
ness [7, 30]. Athletes have difficulty rapidly changing 
directions [40].

Combined injuries will present with much more disabling 
subjective complaints. Patients have significant acute pain 
and swelling with ecchymosis. Patients usually present with 
instability symptoms and have difficulty with ambulation on 
uneven ground. They may also report a change in their gait 
pattern since the injury.

Physical Examination

Physical examination is the keystone to diagnosis and dif-
ferentiation of isolated versus combined PCL injuries. 
Physical exam begins by an observation of the gait pattern, 
specifically looking for any varus thrust component, seen in 
a combined PCL/PLC injury. Patients often compensate by 
walking with a flexed knee gait with their foot in internal 
rotation. Static weight bearing alignment is also noted. The 
skin and soft tissues are inspected for swelling, ecchymosis, 
and anterior abrasions, which may indicate pretibial trauma. 
Significant swelling or ecchymosis is more consistent with a 
combined PCL and posterolateral corner (PLC)/posterome-
dial corner (PMC) injury. Knee range of motion is assessed 
and compared to the unaffected extremity. Palpation of the 
posteromedial and posterolateral structures may elicit ten-
derness with injury to these structures.

The most accurate test for PCL integrity is the posterior 
drawer test with the knee at 90° of flexion and ipsilateral hip 
at 45° of flexion [38] (Fig. 1). In this position, the posterolat-
eral structures have minimal restraining effect, and thus the 
PCL is tested in isolation. This test is based on the normal 
resting position of the tibia with respect to the femoral con-
dyles and has provided for a classification of PCL injuries.

PCL injuries have been classified into three grades. 
Normally, the anterior tibia rests approximately 1 cm ante-
rior to the femoral condyles with the knee at 90° of flexion. 

Fig. 1 The posterior drawer test is the most sensitive test for PCL 
injury
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With a posterior force, translation is estimated in millime-
ters. A grade I injury corresponds to a posterior translation of 
1–5 mm. The tibia continues to lie anterior to the femoral 
condyles even with this posterior force. A grade II injury is 
represented by 5–10 mm of posterior translation, resulting in 
the tibia being flush with the femoral condyles. Grade III 
injuries have greater than 10 mm of posterior translation, 
with the tibia translating behind the femoral condyles. Grade 
III injuries often represent combined injuries.

The posterior drawer test should also be tested with the 
tibia in internal and external rotation (Fig. 2). Testing the 
posterior translation with the knee in internal and external 
rotation can differentiate isolated and combined capsuloliga-
mentous injury. A decrease in posterior translation with the 
tibia in internal rotation suggests the presence of intact pos-
teromedial structures. Bergfeld et al. showed that the MCL 
and posterior oblique ligament is partially responsible for 
this secondary restraint and a decrease in posterior transla-
tion with tibial internal rotation. In this instance, nonopera-
tive treatment may be considered [4, 43]. Clancy, however, 
proposed that the meniscofemoral ligaments (MFL) act as a 
secondary restraint to posterior translation with the tibia in 
internal rotation [9].

Adjunctive tests for PCL integrity have also been 
described. The posterior sag sign (Fig. 3) is noted when the 
tibia loses its prominent anterior contour with the knee flexed 
at 90° [10, 29, 32]. A variant of the posterior sag test was 
described by Godfrey. In the Godfrey test, the patient is 
tested supine with the hip and knee flexed at 90° and the leg 
supported at the ankle. Gravity provides an accentuation of 
the posterior sag in PCL injured knees.

Daniel described the quadriceps active test, which is a 
dynamic drawer test for PCL integrity [15]. It is performed at 
the quadriceps neutral angle of knee flexion, usually 60–90°, 
where no anterior or posterior translation occurs with 

quadriceps contraction (Fig. 4). In a PCL deficient knee, 
active quadriceps contraction at the neutral angle will result 
in anterior tibial translation.

The Whipple test is similar to the posterior drawer test; 
however, the patient is placed in the prone position [56]. By 
placing the patient in this position, any effect of patient quad-
riceps contraction is eliminated. The examiner holds the 
lower leg with the knee at approximately 70° of flexion while 
attempting to posteriorly translate the tibia by pushing on the 
tibial tubercle (Fig. 5).

It is essential to also examine for associated capsuloliga-
mentous injury in addition to the above tests. Posterolateral 
corner integrity can be tested with a variety of tests. 
Differentiating PLC from PCL injuries can be ascertained by 
the prone external rotation or dial test [22] (Fig. 6). The test 
is performed with the knee at 30° and 90° of flexion. A posi-
tive result occurs with >10–15° of external rotation of the 
foot relative to the femoral axis. With isolated PLC injury, 

Fig. 2 The knee is tested at 90° with a posterior drawer force in both 
internal and external rotation. A decrease in posterior translation with 
the tibia in internal rotation indicates intact posteromedial structures

Fig. 3 In PCL deficient knees, a posterior sag of the tibia occurs with 
the knee held at 90° of flexion and gravity allows the tibia to fall 
posteriorly

Fig. 4 At the quadriceps neutral angle, contraction of the quadriceps 
results in anterior translation of a posteriorly subluxed tibia in PCL 
deficient knees



498 W.M. Wind and J.A. Bergfeld 

there is increased external rotation at 30° compared to the 
unaffected knee. An increase at both 30° and 90° of knee flex-
ion is indicative of a combined PCL and PLC injury [54].

The reverse pivot shift test has also been used to diagnose 
posterolateral injury. The patient lies supine and a valgus 
stress is applied as the knee is brought from 90° of flexion to 
full extension. A PLC injury may be present if there is a pal-
pable shift or clunk as the lateral tibial plateau reduces with 
extension [33].

An often overlooked component of combined injuries is a 
sprain of the PMC structures. These can be tested clinically 
using the posteromedial pivot test [42]. This test evaluates 
the integrity of the PCL, MCL, and posterior oblique liga-
ment. A positive test results when the tibia reduces to normal 

position anteriorly as it is extended to approximately 20° 
while applying a varus, compression, and internal rotation 
stress to the tibia.

Examination of the injured knee should always include 
the Lachman test. The integrity MCL and LCL is also tested 
at 0° and 20° of knee flexion. The presence of laxity at  
0° often indicates combined injury patterns.

In patients with PCL and combined injury, a thorough 
neurovascular examination is essential. Any concern regard-
ing the vascular status of the limb should be evaluated with 
an arteriogram.

Radiographic Evaluation

Plain radiographs are the next step in the evaluation of these 
injuries. Standard radiographs include bilateral standing AP, 
flexion weight bearing views, and patellar merchant as well 
as a lateral view of the affected knee. Injuries to the PCL may 
reveal increased posterior translation on the lateral radio-
graph. Stress radiographs with a TELOS machine may pro-
vide an objective measure of posterior translation. In patients 
with acute posterolateral injury, radiographs may reveal a 
proximal fibular head avulsion or fibular head fracture [16, 
30]. In patients with chronic injury, radiographs are inspected 
for arthritic changes.

MRI is an important adjunctive tool in the diagnosis of 
PCL and concomitant capsular/ligament lesions. MRI has 
been reported to have accuracy in the range of 96–100% in the 
diagnosis of PCL injury [19, 24, 28, 44, 53]. An increase in 
signal intensity of the PCL on MRI should be interpreted as 
consistent with an injury. MRI will also identify concomitant 
meniscal, chondral, and associated ligamentous pathology.

Tibial Inlay Technique

Surgical indications for PCL reconstruction include those 
patients with combined ligament injuries involving the PCL, 
symptomatic grade III laxity, and bony avulsion fractures [14, 
25, 40, 45, 46, 48, 51]. Here we describe our technique for 
single-bundle inlay PCL reconstruction. Our preference for 
the tibial inlay technique as opposed to other PCL reconstruc-
tion techniques, such as the transtibial tunnel technique, stems 
from basic science, and biomechanical research [5, 36]. When 
a combined injury occurs, we recommend addressing all cap-
suloligamentous injury at the time of surgery.

A standard arthroscopy set up is used with the contralateral 
leg placed in a leg holder. The procedure can be performed in 
the lateral decubitus position or by  repositioning the patient 
in the prone position during the posterior exposure. We favor 

Fig. 5 PCL integrity is assessed in the Whipple test by placing the 
patient in the prone position. A posteriorly directed force to the anterior 
tibia is performed with the knee at 70° of flexion and the amount of 
posterior translation is noted

Fig. 6 The prone-external rotation, or dial test, is used to differentiate 
PCL from posterolateral corner (PLC) injury. More than 10–15° of 
external rotation compared to the opposite side is significant
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the prone position for improved visualization of the PCL 
anatomic landmark on the posterior tibia and easier perpen-
dicular placement of the posterior bone block and screw. 
With proper planning, we have found that turning the patient 
to the prone position requires only an additional 10 min of 
operative time.

A first generation cephalosporin is administered prior to 
the surgical incision. A tourniquet is placed high on the thigh, 
but not inflated during the procedure. We start by examining 
the affected knee under anesthesia. Special attention is paid 
to the secondary capsuloligamentous restraints so as not to 
miss any associated injury.

The procedure starts with a diagnostic arthroscopy using 
standard medial and lateral joint line portals. Any internal 
derangements, such as meniscal tears or chondral injuries, are 
addressed. The PCL injury is documented and the stump is 
debrided. We attempt to preserve any of the remaining MFL.

The native PCL femoral attachment of the ALB is marked 
with a sharp curette or arthroscopic bovie. The femoral PCL 
attachment site is anterior and distal in the femoral notch, 
usually 8–10 mm from the articular cartilage of the medial 
femoral condyle and at the 10:30 position of the left knee and 
1:30 position on the right knee.

The femoral tunnel is established using an outside-in 
technique aimed in the direction of the native ligament. The 
outside-in technique allows for easier duplication of the ana-
tomic femoral insertion of the PCL/MFL complex. A 2-cm 
longitudinal incision adjacent to the patellar tendon over the 
vastus medialis is created. The tendon of the vastus medialis 
is incised and reflected for later closure. An ACL guide to the 
tip of the aimer is inserted through the anteromedial portal 
with the tip resting in the desired site of intraarticular pin 
penetration. Prior to incising the capsule, a guide pin is 
placed at the 10:30 position in the left knee (1:30 position in 
a right knee) and is directed in a lateral, posterior, and proxi-
mal direction, closely duplicating the normal anatomy of the 
PCL/MFL complex. The capsule is incised over the pin. An 
end cutting reamer is used to create a tunnel so that the ante-
rior aspect of the tunnel is 1–2 mm from the articular margin. 
All remaining torn ligament tissue is removed with a motor-
ized shaver. The femoral tunnel can also be created using an 
inside-out approach with a commercial femoral guide and 
flip-cutting reamer (Arthrex, Naples, Florida).

A commercial graft passer is then placed through the fem-
oral tunnel and directed toward the back of the knee with the 
aide of an arthroscopic grabber through the medial portal. 
This will facilitate graft passage once the graft is secured to 
the tibia. The wound is wrapped with a sterile towel, and the 
patient is prepared for the prone position.

The entire leg is placed in a sterile mayo stand cover and 
loosely wrapped circumferentially with coban. A second 
operating room table, already prepared with thoracic rolls, is 
positioned next to the patient. The patient is then turned to the 

prone position. Bony prominences are padded. The outer 
coban is cut with scissors and the “unsterile” surgeon removes 
the mayo stand cover as a “sterile,” gowned assistant grabs 
the leg. The leg is then reprepared and draped and the original 
operating room table is removed from the room, cleaned and 
prepared for placing the patient back to the supine position.

The anatomic site of the tibial insertion of the PCL is 
exposed using a modified Burks and Shaffer posterior expo-
sure (Fig. 7). The incision is centered on the popliteal crease 
and curved medially and distally along the medial gastrocne-
mius. The interval between the medial head of the gastrocne-
mius and the semitendinosus is bluntly dissected. A broad, 
low profile blunt retractor works well to retract the medial 
head of the gastrocnemius with the neurovascular bundle 
(Fig. 8). The tendon of the medial head of the gastrocnemius 
may be partially released from its femoral origin if additional 
exposure is needed, but we find this is rarely necessary.

A small portion of the superior popliteus muscle is either 
retracted distally or divided with electrocautery. The inferior 
medial geniculate artery and vein may be ligated as necessary. 
The graft passer is often palpable underneath the posterior 
capsule and aides in localization of the joint line. The posterior 

Fig. 7 Burks and shaffer posterior exposure for PCL reconstruction
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capsule is incised and reflected both medially and laterally. 
The tibial PCL footprint is exposed subperiosteally, and the 
remnant of ligament fibers is removed.

During the exposure, an assistant can prepare the Achilles 
tendon allograft, which is our graft of choice. The Achilles 
allograft provides bony fixation to the tibial trough and has 
abundant collagen to reproduce the ALB in the single bundle 
technique. A Krackow stitch or Fiberloop suture with a  
#2 Fiberwire (Arthrex, Naples, Florida) is placed in the soft 
tissue end, and the bone plug is fashioned to a 10 mm wide by 
20 mm long size. Commercially prepared Achilles tendon 
allografts are also available. The bone plug is predrilled and 
tapped prior to screw insertion. A 35 mm long, 6.5 mm diam-
eter partially threaded AO cancellous screw with a washer is 
placed in the bone plug directed in a slightly distal direction to 
avoid intraarticular penetration. The screw is placed so the can-
cellous side of the plug will be facing the cancellous trough.

A vertically oriented trough is made matching the dimen-
sions of the bone plug with sharp osteotomes (Fig. 9). The 
graft is placed in the graft passer and pulled through the fem-
oral tunnel with the knee flexed. The bone plug is recessed 
into the trough and screw advanced without drilling the tibia. 
The posterior capsulotomy and surgical incisions are closed 
and the patient is turned to the supine position in the manner 
described above.

The graft is tensioned with a 20 N force with the knee at 
70–90° of flexion while performing an anterior drawer 
maneuver. The graft is secured on the femoral side with a 

combination of soft tissue interference screw and staple rein-
forcement on the femur (Fig. 10a, b). When necessary, addi-
tional ligamentous reconstruction can be performed during 
the same operative setting. A precautionary overnight stay is 
advised for vascular monitoring and pain control.

Although we routinely perform a single-bundle recon-
struction (SBR), the double bundle reconstruction (DBR) 
technique has recently drawn attention. During SBR, we 
attempt to replicate the ALB of the PCL due to its superior 
size and structural properties compared to the posteromedial 
bundle. The ALB also tightens in flexion where the PCL 
function is most important.

Double bundle reconstruction, although more technically 
challenging, has been shown in some studies to more accu-
rately reproduce the normal kinematics of the native PCL 
[26, 55, 57]. Other biomechanical studies have questioned 
the rationale to add the posteromedial graft [6, 37]. We also 
use the Achilles tendon allograft because of its abundant size 
and the ability to make two separate grafts (ALB/PMB) with 
one bone block. The graft is split in a longitudinal manner 
creating a two-tailed graft of a lateral 10 mm and medial 
8 mm sizes. A Fiberloop or #2 fiberwire suture (Arthrex, 
Naples, Florida) is placed in a Krackow fashion at the soft 
tissue end of each arm of the graft. The bone block is fixed 
using the identical inlay technique as in the SBR.

Two femoral tunnels are created using an outside-in 
approach. The ALB is recreated in a manner described above. 
A guide pin is then placed approximately 5 mm posterior and 

Fig. 9 A trough for the Achilles tendon bone plug is prepared with 
osteotomes

Fig. 8 Retraction of the medial head of the gastrocnemius with the neuro-
vascular bundle to expose the posterior capsule
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5 mm proximal to the anterior/distal tunnel to reproduce the 
posterior/proximal tunnel for the PMB. The guide pin is 
drilled with the aide of an ACL guide through the AM portal 
through a separate position on the medial femoral condyle. 
The guide wire is drilled in a lateral, posterior, and distal 
direction because the PMB will be tightened near extension. 
A smaller tunnel (8 mm) is created with an end cutting 
reamer. Alternatively, an Arthrex (Naples, Florida) Flipcutter 
may be used to create the tunnels from an inside-out direc-
tion. Two suture passing devices (with different colored 
sutures) are then placed in the tunnels and to the back of  
the knee.

The patient is then turned to the prone position and the 
bone block fixed as described in the SBR technique. Both 
grafts are retrieved through their respective tunnels with the 
aide of the suture passers marked for proper tunnel place-
ment. Once turned back to the supine position, cycle the knee 
to ensure graft tension. The ALB is tensioned and fixed in 
90° of flexion with an anterior drawer force. The PMB is 
then tensioned and fixed near full extension. Grafts may be 
secured with soft tissue screws in the tunnels and staple 
reinforcement.

Postoperatively, a locked knee brace in full extension is 
applied. Postoperative exercises include straight leg raises, 
quad sets, and calf pumps. The brace is unlocked for patient-
assisted tibial lifts in flexion limited to 60° with the assis-
tance of a therapist. At 4 weeks, the brace is unlocked as the 

patient increases weightbearing and range of motion to 90°. 
Exercises include resisted cycling, straight leg raises, eccen-
tric quadriceps contraction, open-chain quadriceps progres-
sive resistive exercises (PREs), theraband leg presses, and 
quadriceps sets at 90° of flexion. A PCL functional brace is 
fitted at 4–6 weeks at which time the crutches are discontin-
ued. Progressive quadriceps exercises are emphasized; 
however, hamstring PREs are not performed until 3–6 
months postoperatively. A slide board may be used at  
4 months with jogging and sport-specific exercises begin-
ning at 6 months. Full return to sport may vary from 8 to 12 
months depending on the individual and the demands of 
their sport.

Results of Tibial Inlay Reconstruction

Recent results of the inlay technique are encouraging, but as 
in the transtibial tunnel technique, subjective knee scores 
continue to be inferior to those of ACL reconstruction  
[17, 20, 23]. Clinical results of the inlay technique are com-
prised of a varied mixture of injury diagnoses, reconstruction 
techniques, and outcome reporting systems.

We reported our clinical experience following single-
 bundle PCL inlay reconstruction for both isolated and com-
bined injuries using predominantly Achilles tendon allografts 

a b
Fig. 10 Final tibial inlay reconstruc-
tion (a) Lateral view (b) Posterior 
view
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Wind et al. [58]. We evaluated 25 of 34 patients at a mean 
follow-up of 49.2 months. There were 13 isolated and 12 
combined reconstructions. Final objective data was obtained 
using standardized knee scores, a functional assessment 
as well as radiographic studies (including stress TELOS 
views).

Ninety-three percent of patients with isolated PCL recon-
struction had a normal to near normal function on final IKDC 
scoring and 5 mm side-to-side difference on TELOS stress 
radiographs (150 N posterior drawer). However, when all 
patients were scored, including those with combined inju-
ries, 72% had normal to near normal function, and there was 
an average side-to-side difference of 6.5 mm on TELOS 
stress views. Final Lysholm score on follow-up was 86. 
There were no significant differences in terms of functional 
testing or subjective standardized knee scoring on side-to-
side comparison.

Other studies have yielded similar results. Cooper and 
Stewart [13] prospectively studied 44 patients having both 
isolated and combined PCL reconstruction using the inlay 
technique at an average follow-up of 39.4 months. Their pre-
ferred graft of choice was bone-patellar tendon-bone (BPTB) 
autograft and allograft. Sixty-three percent of patients had 
normal to near normal function on final IKDC testing. There 
was an average side-to-side difference of 4.11 mm on TELOS 
stress radiography testing. However, combined PCL and 
PLC injuries had an average final TELOS measurement of 
6.6 mm.

Aglietti et al. [2] reviewed their results from 18 patients 
with chronic PCL and combined injuries using the inlay 
technique and quadriceps tendon autograft. At a mean fol-
low-up of 3.5 years, there were three normal and nine nearly 
normal scores on IKDC testing. The posterior displacement 
of the tibial plateau on TELOS stress testing was 4.8 mm on 
average.

Twenty-nine patients with PCL and multiligament knee 
injuries were treated with the tibial inlay and two-femoral-
tunnel technique with Achilles tendon by Stannard et al. 
[52]. Patients were evaluated based on physical exam, 
KT-2000 arthrometric testing (Medmetric Corp., San 
Diego, California), Short-Form 36 (SF-36), and Lysholm 
knee outcome evaluations. At an average follow-up of  
25 months, they reported good results in terms of clinical 
stability (23 knees with 0 laxity and 7 knees with 1+ laxity) 
and KT-2000 data of less than 0.5 mm of side-to-side mean 
difference. A high percentage (40%) of their patients, how-
ever, developed arthrofibrosis requiring additional treat-
ment measures.

Recently, Herman et al. [27] reported on 22 patients with 
a mean follow-up of 9 years after SBR for isolated PCL 
injury. They found an improvement in IKDC, Lysholm, and 
VAS scores despite a statistically significant increase in 
instrumented post-op laxity measurements.

Conclusion

There has been a recent interest in PCL injuries as attempts 
are made to duplicate the success in treatment of ACL inju-
ries. Patient history and physical examination are important 
in making the distinction between isolated and combined 
PCL injuries, which are treated differently. We currently 
favor the PCL inlay technique of PCL reconstruction; how-
ever, long-term outcome studies are still needed to determine 
the optimal PCL reconstruction technique.
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Introduction

Injuries to the posterior cruciate ligament (PCL) are not 
uncommon. The true incidence  of PCL injury is much higher 
than once believed to be. Increased clinical suspicion cou-
pled with improved physical examination and diagnostic 
techniques has led to greater identification of these injuries. 
It is estimated that the incidence of PCL injury in the general 
population comprises 3% of all knee injuries [28]. The inci-
dence of PCL injury in the trauma population is reported to 
be as high as 37% [11, 12]. PCL injuries typically occur in 
the second and third decades of life. Miyasaka et al. showed 
that PCL injuries were most common in individuals aged 
15–29 [28]. Overall, isolated PCL injuries occur much less 
frequently than other ligamentous injuries of the knee. As 
such, the medical literature and surgeon experience with 
management of these injuries have lagged far behind that of 
other knee ligamentous injury. The definitive treatment of 
PCL injuries continues to be up for debate. Traditionally, 
these injuries have been treated nonoperatively. Recent 
advances in our knowledge of the natural history of the PCL-
deficient knee have led to more aggressive surgical manage-
ment of these injuries.

Anatomy and Biomechanics

The PCL is an intracapsular, extrasynovial structure. The 
average length is 38 mm [16]. The average width of the PCL 
is 13 mm at its mid-substance [16]. The PCL fans out at its 
tibial and femoral insertion sites. The femoral footprint is in 
the shape of a semicircle. The average length of the femoral 
attachment is 32 mm [16]. It attaches to the medial wall of 
the intercondylar notch in an anterior to posterior direction 
just 3 mm from the articular cartilage [16]. The cross-sec-
tional area of the PCL femoral attachment is 209 mm2 [25]. 
The PCL tibial attachment is located in the sagittal midline 
in an extraarticular depression. The PCL facet lies between 
the medial and lateral tibial plateau, approximately 1–1.5 cm 
inferior to the articular margin [16, 36]. The fibers attach in 
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an anterolateral to posteromedial direction [36]. The  anatomic 
bundles are named with respect to this relationship at the 
tibial plateau attachment site. The cross-sectional area of the 
PCL tibial attachment is 243.9 mm [26]. The average width 
of the tibial attachment is 13 mm [16].

The PCL has three main components, the anterolateral 
bundle, posteromedial bundle, and the meniscofemoral liga-
ments (ligaments of Wrisberg and Humphrey). Some authors 
believe that the PCL does not comprise two distinct anatomic 
bundles, but rather represents a continuum of fibers with 
variable tensioning throughout the range of knee motion. 
The anterolateral bundle fibers occupy more of the cross-
sectional area of the PCL and become taut with increasing 
knee flexion [16, 20, 21]. The posteromedial bundle fibers 
are smaller and become taut in extension [16, 20, 21]. The 
anterolateral bundle cross-sectional area is approximately 
two times that of the posteromedial bundle [21]. The ulti-
mate load to failure and stiffness of the anterolateral bundle 
are more than two times greater than that of the posterome-
dial bundle [21]. Harner et al. have shown the maximum load 
to failure for the anterolateral bundle and posteromedial bun-
dles to be 1,120 and 419 N, respectively [21].

The anterior meniscofemoral ligament of Humphrey and 
posterior meniscofemoral ligament of Wrisberg are the other 
important components to the PCL complex. Girgis et al. 
noted that these ligaments were absent in 30% of specimens 
[16]. Gupte et al. noted that 93% of cadaveric specimens had 
at least one meniscofemoral ligament [18]. These authors 
found that the anterior meniscofemoral ligament of Humphrey 
and the posterior meniscofemoral ligament of Wrisberg were 
present in 74% and 69% of specimens, respectively [18]. 
Fifty percent of specimens contained both ligaments [18]. 
Each meniscofemoral ligament is a distinct anatomic struc-
ture that arises from the posterior horn of the lateral menis-
cus and possesses its own distinct femoral attachment. The 
cross-sectional area of the meniscofemoral ligaments aver-
age 22% of the entire cross-sectional area of the PCL [20]. 
Despite their small size, the meniscofemoral ligaments’ ulti-
mate load to failure and stiffness is similar to that of the pos-
teromedial bundle [20]. Gupte et al. demonstrated that the 
load to failure for the anterior meniscofemoral ligament and 
posterior meniscofemoral ligament were each approximately 
300 N [18]. Because of their mechanical strength, the menis-
cofemoral ligaments play an integral role in knee stability.

The posterior cruciate ligament along with the menis-
cofemoral ligaments are primary restraints to posterior knee 
translation at 90° of flexion. Isolated sectioning of the PCL 
generally results in less than 12 mm of posterior translation 
[16, 17, 23, 34]. Grood et al. demonstrated that posterior 
translation of the knee increases after isolated sectioning of 
the PCL, and this effect is more pronounced with increasing 
angles of knee flexion. Butler et al. demonstrated that the 
PCL provides 95% of restraint to posterior translation at 90° 

[6]. The PCL also functions as a secondary restraint to exter-
nal rotation. External rotation is increased in the flexed posi-
tion following isolated sectioning of the PCL [16, 34]. This 
increased external rotation has been shown not to be signifi-
cant [34].

Mechanism of Injury

Posterior cruciate ligament injuries can occur as a result of 
either low or high-energy trauma. Classically, posterior cru-
ciate ligament injuries occur as a direct blow to the anterior 
tibia with the knee in 90° of flexion. Both motor vehicle acci-
dents and athletic injuries are cited as common mechanisms. 
During motor vehicle accidents, this occurs as a result of a 
bent-knee impact into the dashboard. The anterolateral bun-
dle tends to be ruptured with these dashboard injuries. 
Alternatively, an osseous avulsion injury from the tibial pla-
teau may result. These high energy mechanisms are more 
likely to result in increasingly severe, combined ligamentous 
injuries. The most common associated injury is to the poste-
rolateral corner (PLC). Injury to the PLC, in variable degrees, 
has been reported in up to 60% of individuals [12]. Bicruciate 
ligament injury, posteromedial corner (PMC) injury, and 
other variations of combined injury have also been 
described.

Lower energy mechanisms have also been described.  
A fall onto a flexed knee with the foot in plantar flexion can 
also result in PCL injury as the force of impact is transmitted 
directly through the tibial tubercle, pushing it posteriorly. 
When the foot is in dorsiflexion, force tends to be transmitted 
through the patella, thus protecting the PCL. Noncontact 
injuries to the PCL are not uncommon. During athletic com-
petition isolated PCL injury is generally the result of a non-
contact, hyperflexion injury mechanism [8, 14]. Hyperflexion 
injury usually results in a partial tear of the anterolateral 
bundle fibers. Hyperextension injuries may result in a peel-
back injury at the PCL femoral attachment. Alternatively, 
Hyperextension injuries can also progress to dislocation, 
marked instability, and neurovascular compromise.

Evaluation

Patient evaluation begins with a comprehensive history and 
physical examination. History should focus on the patient’s 
injury mechanism, activity level, occupation, and symptom-
atology. The examiner should attempt to determine the sever-
ity of injury and if there are any associated injuries. Acutely, 
PCL injuries may present only with mild swelling, pain, and 
an antalgic gait. The classic audible “pop” or sudden, mas-
sive effusion described with acute ACL ligament injuries 
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occur less frequently with isolated PCL injuries. It is uncom-
mon for patients with multiple injured ligaments to be 
asymptomatic. Acutely, these patients present with marked 
pain, swelling, and stiffness. As this initial pain and swelling 
subside, pain and instability may become the predominant 
complaints. Symptoms with chronic PCL insufficiency may 
be quite subtle. Patients typically present with pain and dis-
ability rather than true instability. This disability may range 
anywhere from mild limitations to severe functional limita-
tions in activities of daily living [8, 14, 24, 29, 35]. These 
patients may complain of apprehension with certain activi-
ties such as descending stairs or steep hills. Ultimately, the 
majority of these patients function at higher levels than 
patients with chronic anterior cruciate or combined ligamen-
tous injury. Pain from arthrosis may develop long term fol-
lowing chronic PCL deficiency [14, 24].

Physical examination begins with careful evaluation of 
lower extremity alignment and gait. The patient’s affected 
knee should be evaluated for the presence of any recurvatum 
or varus/valgus malalignment. Any abnormal varus thrust 
with ambulation should be noted, as this may be indicative 
of concomitant injury to the posterolateral corner. Multiple 
special tests exist for diagnosis of PCL injuries. Posterior 
tibial sag is assessed at 90° of knee and hip flexion with the 
patient supine on the examination table. This test is positive 
when the normal prominence of the tibial tubercle is not 
seen as gravity pulls the tibia posteriorly (Fig. 1). When pos-
terior tibial sag is seen in full extension this may be indica-
tive of posterolateral corner injury (Fig. 2). The quadriceps 
active test is positive when active contraction of the quadri-
ceps restores normal contour of the tibial tubercle. This test 
is performed with the patient supine and the knee in 60° of 
flexion. The examiner holds pressure on the foot and asks 
the patient to contract the quadriceps muscle. The test is 
positive when the quadriceps mechanism pulls the posteri-
orly subluxated tibia to a reduced position, restoring the nor-
mal prominence of the tibial tubercle. The posterior drawer 

examination is the gold standard for diagnosis of PCL injury 
[2, 8, 9, 17, 20]. The patient is placed supine on the examina-
tion table with the knee in 90° of flexion. The examiner then 
places a posteriorly directed force on the proximal tibia. The 
amount of displacement and quality of the endpoint are 
assessed. Normally, there is a 1 cm anterior step-off between 
the anteromedial tibial plateau and the medial femoral con-
dyle. The severity of PCL injury can be graded depending on 
the amount of posterior translation. In grade I injuries, there 
is abnormal posterior translation of the tibial plateau, but 
there is maintenance of the anterior step-off (translation 
<5 mm). Grade II injuries occur when the plateau displaces 
5–10 mm posteriorly and becomes flush with the medial 
femoral condyle. When the examiner is able to translate the 
plateau posterior to the medial femoral condyle (>10 mm) 
the injuries are classified as grade III. Careful assessment for 
PLC injury is important as this may significantly alter treat-
ment. The dial test can be performed in the prone or supine 
position (Fig. 3). An external rotation force is applied to the 
leg with the knee in 30° and 90° of flexion. Rotation is com-
pared to the contralateral limb. Increased rotation of the tibia 
only at 30° of flexion suggests a PLC injury. When rotation 

Fig. 1 Posterior tibial sag. Loss of tibial tubercle prominence (arrow)

Fig. 2 Extension recurvatum

Fig. 3 Increased external tibial rotation at 90° of knee flexion
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is increased >10° only at 90° a PCL injury is suspected. 
When rotation is increased at both angles a combined liga-
mentous injury may be present.

Diagnostic Imaging

Radiographic evaluation begins with standard plain films of 
the bilateral knees. Comparison of both joints allows evalua-
tion for subtle radiographic changes. We perform standard 
anteroposterior (AP) views of the bilateral knees with the 
body weight evenly distributed. We also perform a weight-
bearing posteroanterior (PA) view in 45° of flexion. 
Rosenberg et al. noted that cartilage wear most commonly 
involves the contact zones from 30° to 60° of knee flexion 
[33]. These authors noted that the 45° flexed PA view more 
accurately demonstrates subtle joint space narrowing that is 
commonly underestimated by standard AP radiographs per-
formed in full extension [33]. Additionally, a 45° non-
weightbearing lateral view and bilateral axial views of the 
patellae, as described by Merchant, are obtained [26]. 
Standing hip-knee-ankle films on a long cassette may also be 
obtained to evaluate coronal plane limb alignment.

Magnetic resonance imaging (MRI) can provide impor-
tant diagnostic information. MRI can delineate the exact 
location and severity of the PCL injury. Determination of 
injury location may have important implications with respect 
to treatment. For example, femoral “peel-off” injuries or 
tibial-sided avulsions may be amendable to primary repair 
(Fig. 4). MRI also allows for the evaluation of the articular 
surfaces. Special cartilage sequences allow evaluation of 
associated chondral injury. The severity of chondral injury is 
important, as advanced cartilage injury may be a contraindi-
cation to reconstruction of the PCL. Injuries to the menisci 

and concomitant ligamentous injury can be accurately delin-
eated with MRI. Identification of concomitant injury on 
MRI may have implications with respect to treatment and 
prognosis. Finally, a bone scan may be helpful for the evalu-
ation of patients with chronic PCL injuries. In patients with 
relatively normal plain radiographs but painful knees fol-
lowing long-standing PCL injury, a bone scan can be 
obtained to delineate preclinical degenerative changes. In 
the absence of uptake, further conservative management can 
be performed.

Conservative Management

The majority of PCL injuries are amenable to nonoperative 
treatment. The ideal candidates for nonoperative treatment 
are those patients with less than 10 mm of posterior laxity 
(grade I and II injuries) and a firm endpoint with posterior 
drawer testing. Posterior instability should also decrease 
when the posterior drawer test is performed with the tibia 
internally rotated [2, 32]. We utilize this test to help decide 
between operative and nonoperative treatment of PCL inju-
ries. One of us (J.A.B.) and colleagues have previously 
shown that the superficial MCL is the major restraint to pos-
terior translation when the PCL and meniscofemoral liga-
ments have been sectioned and the posterior drawer is 
performed with the tibia in internal rotation [2, 32]. When 
posterior laxity continues to increase in internal rotation, one 
should suspect injury to the PMC and operative intervention 
should be considered to restore normal knee kinematics. The 
presence of injury to the PLC structures may also preclude 
nonoperative management. As such, less than 5° of rotational 
instability should be present on dial testing. Finally, the knee 
should not exhibit any significant hyperextension or varus/
valgus instability. Increased hyperextension or varus/valgus 
instability may signify combined PMC or PLC injury. We 
typically recommend nonoperative treatment for patients 
who meet the above criteria.

The nonoperative rehabilitation protocol is divided into 
three phases: the acute (protection), the subacute (moderate 
protection), and the functional recovery (minimal protection) 
phases. In the acute phase, the patient is allowed to bear 
weight as tolerated in a drop-lock knee brace with motion 
limited from 0° to 60°. A quadriceps rehabilitation protocol 
is initiated. During the subacute phase, progressive muscle 
strengthening begins, emphasizing strength and endurance 
of the quadriceps mechanism. In the functional recovery 
phase, the patient begins the progression to sports-specific 
activity. With appropriate rehabilitation, these athletes may 
return to sport within 2–6 weeks following isolated grade I 
and II injuries. A functional PCL brace may be utilized once 
the athlete returns to activity.Fig. 4 MRI with proximal avulsion of PCL (arrow)
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Many authors believe that many patients with grade III 
laxity of the PCL, by definition, also have concomitant injury 
of the PLC structures [20, 27, 37]. Acute surgery may be 
recommended for the high-demand individual. Alternatively, 
lower-demand individuals may be treated in a long-leg cast, 
or long-leg hinged knee brace locked in full extension. 
Immobilization in full extension counteracts the effects of 
the hamstrings and gravity, avoiding posterior sag of the 
tibia. Extension immobilization will also allow the PLC 
structures to heal without undue stress. After this period of 
immobilization, the rehabilitation protocol is similar to that 
for grade I and II injuries. With these severe injuries, it may 
take up to 3 months before the athlete is able to return to his 
or her respective sport. Some of these athletes will fail con-
servative management and require operative intervention for 
instability and/or disability.

Natural History

Multiple authors have demonstrated that most patients with 
isolated PCL injuries will fare well with conservative man-
agement. The majority of athletically active individuals will 
successfully return to their previous level of activity. Parolie 
and Bergfeld demonstrated that 84% of high-level athletes 
were able to return to their previous sports following nonop-
erative treatment of isolated PCL injuries [29]. These authors 
found that quadriceps strength directly correlated with patient 
satisfaction following nonoperative treatment of PCL inju-
ries [29]. In this study, there was no correlation between 
degree of posterior laxity and patient satisfaction [29]. In the 
series of Fowler and Messieh, all individuals were able to 
return to their previous activity without restrictions regard-
less of the degree of instability [14]. The relative success of 
nonoperative treatment in these knees is probably due to the 
integrity of the intact meniscofemoral ligaments, residual 
PCL fibers, and/or secondary restraints.

Despite the success of returning patients to activity in the 
short term, a high incidence of subsequent arthrosis and 
meniscal tears has been reported with long-term follow-up 
[5, 10, 14, 15, 19, 24]. The incidence of meniscus tears 
ranges from 16% to 28% [14, 15, 19]. Degenerative changes 
in the PCL-deficient knee may also occur over time. Boynton 
and Tietjens demonstrated that radiographic evidence of 
articular cartilage degeneration increased with increasing 
time from injury [5]. In this series, degenerative changes 
occurred earliest and most often in the medial tibiofemoral 
compartment [5]. Keller et al. also demonstrated that subjec-
tive knee scores decreased and degenerative changes 
increased with increasing time from PCL injury [24]. These 
authors also found that degenerative changes were seen earli-
est in the medial compartment [24]. Other authors have also 

shown that the medial and patellofemoral compartments are 
the most commonly affected compartments with respect to 
degenerative disease following PCL injury [8, 10].

Operative Indications

Several factors influence the decision to operatively manage 
posterior cruciate ligament injuries. The primary indications 
for PCL reconstruction are pain and symptomatic instability. 
One of the clearest indications for PCL reconstruction is in 
the patient with combined ligamentous injury. Injury to the 
PCL in combination with injuries to the ACL, medial col-
lateral ligament (MCL), and/or the posterolateral corner 
(PLC) complex are potentially devastating injuries that typi-
cally present with marked knee instability. These combined 
ligamentous injuries require surgical intervention to restore 
proper knee function and kinematics. However, controversy 
exists concerning the management of isolated tears of the 
PCL. Most surgeons would agree that acute bony avulsion 
injuries of the PCL attachment sites are best addressed with 
surgical fixation, while grade III injuries of the PCL involv-
ing more than 10 mm of posterior tibial displacement are 
typically considered for surgical management. Symptomatic, 
isolated grade II tears of the PCL with less than 10 mm of 
posterior tibial displacement accompanied by further 
decrease in posterior tibial translation after internal rotation 
of the tibia in the young, active patient present another treat-
ment dilemma. Currently, most surgeons would not recom-
mend operative management of PCL injuries in this acute 
subgroup of patients. Those patients with continued pain 
and/or instability following an adequate course of conserva-
tive management may be cautiously considered for operative 
intervention.

Surgical Techniques

Multiple surgical techniques are available for reconstruction 
of the posterior cruciate ligament. Despite the availability of 
multiple reconstruction techniques, clinical results following 
PCL reconstruction are not as predictable as those following 
operative reconstruction of the ACL. Marked controversy 
still exists regarding the optimal positioning for the tibial and 
femoral tunnels, and the number of bundles utilized for 
reconstruction. Multiple biomechanical studies have been 
published to evaluate these variables. Unfortunately, no pro-
spective, randomized studies exist to compare various recon-
struction techniques in vivo. Regardless of technique, the 
primary goal of PCL reconstruction is to restore normal knee 
anatomy and kinematics.
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Single-Bundle Versus Double-Bundle 
Reconstruction

Single-bundle reconstruction techniques attempt to reconstruct 
the stronger anterolateral bundle of the PCL. Multiple authors 
have reported residual laxity following this technique [7, 22, 
30, 31]. In an attempt to eliminate the residual posterior laxity 
seen following single-bundle reconstruction techniques, some 
authors promote anatomic reconstruction of both bundles. 
Harner et al. demonstrated in biomechanical specimens that the 
double-bundle technique more effectively restored normal knee 
kinematics throughout the entire range of knee motion com-
pared to the single-bundle reconstruction [22]. Posterior tibial 
translation was also decreased [22]. Several other biomechani-
cal studies have also confirmed these findings [7, 30, 31]. Given 
the theoretical advantages of double-bundle reconstruction, this 
technique may be more appealing. One of us (J.A.B) has previ-
ously shown no biomechanical difference between the two 
techniques [4]. The critique of these studies is that the compos-
ite size of the double-bundle grafts was greater than that for the 
single-bundle grafts. This could potentially explain the biome-
chanical advantages of the double-bundle technique. To elimi-
nate this factor, Bergfeld et al. utilized same-sized grafts for 
double-bundle and single-bundle reconstruction [3]. This bio-
mechanical model demonstrated that there were no differences 
in translation between the intact state and single- or double-
bundle reconstruction [3]. Furthermore, clinical studies com-
paring double-bundle and single-bundle PCL reconstruction 
are still lacking. As such we cannot recommend routine dou-
ble-bundle reconstruction for the PCL-deficient knee. Another 
factor to consider is that creating additional femoral and tibial 
tunnels for double-bundle reconstruction makes an already 
complex procedure markedly more complex.

Transtibial Versus Tibial Inlay Reconstruction

Another operative variable is based on how the tibial foot-
print is addressed. The PCL tibial attachment can be recre-
ated utilizing either the transtibial or tibial inlay technique. 
The transtibial approach reconstructs the PCL tibial attach-
ment arthroscopically through a tibial tunnel. The tibial 
attachment site can be visualized with a 70° scope and a pos-
terior medial arthroscopic portal is established to aid with 
debridement and preparation of the tibial footprint. Under 
image intensification, a guide pin is placed into the distal and 
lateral aspect of the PCL footprint with the aid of a PCL 
guide. A reamer is passed over the guide wire to create the 
tibial tunnel. Very special care must be taken to protect the 
important posterior neurovascular structures.

The tibial inlay approach addresses the PCL tibial attach-
ment through an open technique [1]. The tibial inlay 

technique is our preferred approach and is described below. 
One of us (J.A.B.) has previously shown that the tibial inlay 
technique had significantly decreased posterior laxity from 
30° to 90° when compared to the tibial tunnel technique [3]. 
Furthermore, the tibial tunnel technique demonstrated 
increased graft thinning at the anterior aperture of the tibial 
tunnel under cyclic load [3]. In the tibial tunnel technique the 
graft makes a sharp turn around the proximal posterior tibia, 
the so-called “killer turn.” The authors hypothesized that the 
increased thinning and fraying seen at this area may be 
responsible for clinical failure when utilizing the tibial tun-
nel technique. No tibial inlay specimens in this study demon-
strated increased fraying or thinning under cyclic load. While 
biomechanical evidence illustrates the advantages of the tib-
ial inlay technique over the tibial tunnel technique, there are 
no prospective, randomized studies comparing these two 
techniques. It should be noted however that posterior tibial 
translation was decreased to within 2 mm of the contralateral 
limb and patellofemoral scores improved in the small series 
by Berg [1].

Author’s Preferred Method

A combined femoral-sciatic nerve block may be performed 
in the preoperative holding area. This peripheral nerve block 
lessens the need for intraoperative narcotics and sedation. 
This results in less nausea and a faster recovery postopera-
tively. We prefer formal intubation, as a laryngeal mask air-
way or facemask does not provide reliable control of the 
airway once the patient is turned to the prone position. For 
the start of the case, the patient is placed in the supine posi-
tion on a standard operative table. A non-sterile tourniquet is 
placed as proximal on the thigh as possible. The unaffected 
limb is then placed into a well-leg holder with the peroneal 
nerve free from pressure and the operative extremity is placed 
into an arthroscopic leg holder. The end of the operative table 
is then maximally flexed, leaving the operative limb freely 
suspended.

A standard anterolateral arthroscopic portal is established. 
The anteromedial portal is localized with a spinal needle and 
made in longitudinal fashion under direct arthroscopic visu-
alization. A small incision is made just above the superolat-
eral pole of the patella and a rigid outflow cannula is placed 
into the suprapatellar pouch. Diagnostic arthroscopy pro-
ceeds in a methodical, orderly fashion. The patellofemoral 
articulation is examined for articular cartilage changes as 
this articulation may experience advanced degenerative 
changes with PCL deficiency. Next, the arthroscope is 
brought into the lateral gutter. Here the popliteus tendon is 
identified and the arthroscope is pushed gently along its 
course to identify any injury to this structure. At this time, 
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the arthroscope is passed into the lateral compartment as a 
varus force is applied to the knee. Injury to the posterolateral 
ligamentous complex may manifest as excessive joint space 
opening when in this position. Residual PCL fibers are deb-
rided with a large-bore shaver. In some cases, one of the 
meniscofemoral ligaments may be intact. Every effort should 
be made to retain the meniscofemoral ligaments as they con-
tribute significant resistance to posterior tibial translation.

We typically prefer Achilles allograft for reconstruction 
of the PCL. The calcaneal bone block is fashioned to be 
approximately 25 mm in length, 10–12 mm wide, and 5 mm 
thick. The bone block is then prepared to accept a 6.5 mm 
cancellous screw used for lag-type tibial fixation. The tendi-
nous portion of the graft should be approximately 10–11 mm 
wide and 70 mm in length. The distal 3–4 cm is then tubular-
ized with a #5 Ethibond whipstitch. The tubularized tendon 
should fit snugly through a 10–11 mm sizing tube (Fig. 5).

Traditionally, the femoral tunnel during single-bundle 
PCL reconstruction should be placed at the 11 o’clock posi-
tion in the right knee (1 o’clock in the left knee), reconstruct-
ing the larger anterolateral (AL) bundle of the PCL. Various 
anatomic landmarks exist that assist with tunnel placement. 
Ideally, the guide pin should be placed in the center of the 
residual anterolateral bundle fibers. Alternatively, two 
osseous landmarks also exist for reference [13, 25]. The 
medial intercondylar ridge, as originally described by one of 
us (L.D.F), represents the posterior border of the native PCL 
[13]. As such, the femoral tunnel should lie just anterior to 
this landmark. The second osseous landmark, the medial 
bifurcate ridge, defines the junction between the PCL antero-
lateral and posteromedial bundles [25]. The PCL AL bundle 
lies superior to this landmark. The vastus medialis oblique is 
identified and elevated, and the femoral tunnel is drilled from 
outside in over the guide pin.

After preparation of the femoral tunnel, the knee is pre-
pared for repositioning. A DePuy graft passer (DePuy Mitek, 
Raynham, MA) is placed antegrade through the femoral tun-
nel, into the intercondylar notch and into the posterior com-
partment adjacent to the medial border of the PCL tibial 
insertion. The external portion of the graft passer is laid 
against the skin and secured with a sterile Coban wrap (3 M 
Inc., St. Paul, MN). A sterile, impervious stockinette is then 

placed over the extremity and over-wrapped to mid-thigh 
with another sterile Coban. At this time, all drapes are 
removed and the patient is placed into the prone position. 
This typically requires assistance from at least four people – 
the anesthesiologist to maintain the head and neck, two assis-
tants on either side to facilitate the turn, and one person to 
manage the lower extremities (Fig. 6). In a smaller individ-
ual, the turn can be accomplished on the same operating 
room table. In most individuals, it is necessary to turn the 
patient onto a second operative table.

After the patient has been re-prepped and draped, the poste-
rior approach is begun. The popliteal crease is identified and 
marked at this time. The limb is exsanguinated and the tourni-
quet is inflated. Starting at the popliteal crease, a 4 cm vertical 
incision is made distally along the medial border of the medial 
head of the gastrocnemius muscle. The interval between the 
gastrocnemius and semimembranosus is developed bluntly. 
The gastrocnemius is then retracted laterally to expose the pos-
terior joint capsule (Fig. 7). Lateral retraction of the gastrocne-
mius muscle protects the popliteal artery, which lies lateral to 
it. The PCL facet is then palpated just proximal to the superior 
border of the popliteus muscle belly. A window is made in the 
overlying posterior capsule with electrocautery. A curved 
osteotome is then used to make a 20 × 10 × 5 mm cortical win-
dow at the footprint of the PCL tibial attachment (Fig. 8). The 
graft passer is retrieved through the posterior capsular window 
and then used to pull the tendinous graft through the joint and 
into the femoral tunnel. The Achilles bone block is now keyed 
into the cortical window with a 30 mm partially threaded 
6.5 mm cancellous screw with a washer. At this time, the pos-
terior wound is then closed with a 1 Vicryl suture. The invest-
ing fascia is closed and the skin is closed with interrupted 
nonabsorbable sutures. The extremity is then prepared for the 
turn as described above.

Once the patient is turned to the supine position, the limb 
is again placed into an arthroscopic leg holder and prepped 

Fig. 5 Prepared Achilles tendon allograft
Fig. 6 Operative personnel in place and prepared for patient turn onto 
second operative table
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and draped. Proper graft placement is confirmed arthroscopi-
cally. A soft tissue interference screw is placed into the fem-
oral tunnel from outside-in while an anterior drawer is 
applied to the tibia as the graft is tensioned at 70° of knee 
flexion (Fig. 9). At this time the knee is taken through a range 
of motion to ensure that full range of motion is present after 
graft fixation. The arthroscopic portals and medial incision 
are closed in the usual fashion. The wounds are dressed 
sterilely.

Postoperative Rehabilitation

Postoperatively the patient is placed into a full-leg, hinged 
knee brace locked in extension for 4 weeks. Partial weight-
bearing is allowed initially and advanced to full weightbear-
ing as tolerated. Isometric quadriceps exercises are begun 

immediately. From 4 to 8 weeks postoperatively, the patient 
is advanced to active-assisted range of motion. Isotonic 
quadriceps exercises are added at this time. Bicycling is 
encouraged. Closed kinetic chain exercises are begun at 
8 weeks postsurgery. From week 12 to week 20, slide board 
exercises are progressed to agility exercises. Fast walking is 
progressed to jogging at 16–20 weeks. A knee brace with 
block to extension at 15° is continued for exercise. At weeks 
20–28, running and full speed agility exercises are instituted. 
The brace is discontinued for activity. At 28 weeks postsur-
gery, the patient is allowed to return to full activity.

Fig. 7 Lateral retraction of the gastrocnemius muscle belly

Fig. 8 Creating posterior cortical window
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a b

Fig. 9 Posterior (a) and lateral (b) views of secured allograft tendon
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Pearls and Pitfalls

Pearls Pitfalls

Reduction of posterior tibial sag 
may help with passage of the 
graft passer into the posterior 
compartment next to the rem-
nant of the PCL tibial attach-
ment. Avoid placement of the 
passer beneath the meniscus

Malposition of the distal fem-
oral incision may prohibit 
accurate placement of the 
femoral guide pin. It is impor-
tant to place the incision one-
third the distance from the 
medial femoral condyle and 
the medial border of the 
patella. This will allow the 
vastus medialis to be elevated 
rather than splitting the mus-
cle fibers, which may lead to 
quadriceps inhibition in the 
early postoperative period

Lateral retraction of the medial 
head of the gastrocnemius is 
facilitated with slight flexion 
of the knee and internal rota-
tion of the tibia

Injuries to the posterolateral 
ligamentous complex are 
commonly associated with 
PCL injuries. Reconstruction 
of the PCL could fail if the 
posterolateral rotatory insta-
bility is not addressed. Varus 
tibia osteotomy should be 
considered

Gynecological retractors are 
long and narrow and aid with 
deep retraction during the 
posterior approach

Although this has not been 
encountered by us, osteone-
crosis or subchondral collapse 
may occur if the femoral tun-
nel is placed too close to the 
articular surface. The distal 
border of the femoral tunnel 
should be 3–4 mm away from 
the articular cartilage border 
and aimed away from the joint

Once retracted, the medial 
head of the gastrocnemius can 
be temporarily held in posi-
tion with a Steinmann pin 
placed into the lateral aspect 
of the proximal tibia. This 
provides for a wide field of 
view for tibial preparation and 
graft fixation

The femoral tunnel starting 
point at the medial aspect of 
the femoral metaphysis should 
not start too far proximal to 
the medial articular border. 
More proximal starting posi-
tion will lead to a more acute 
angle for graft passage

The slide board during reha-
bilitation is a great tool for 
transitioning to jogging and 
running

One must be aware of rare 
aberrant branches of the pos-
terior tibial artery overlying 
the posterior tibial footprint 
of the PCL

We find it difficult to perform 
the posterior tibial inlay with-
out turning the patient. We 
feel that the additional 
15–20 min of operative time is 
worth it considering the ease 
of posterior visualization
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PCL Reconstruction: How to Improve  
Our Treatment and Results

Pier Paolo Mariani and Mohamed Aboelnour Elmorsy Badran 

The results of posterior cruciate ligament (PCL) injuries are 
lagging behind its ACL counterpart and still there is no gold 
standard technique for the PCL reconstruction. This is mainly 
due to the lack of prospective studies delineating the true 
natural history of the injury and the absence of randomized 
trials comparing the outcomes of current modes of treatment. 
Furthermore, from the clinical viewpoint, PCL injuries are 
not as frequent as the ACL injuries [9], rarely isolated but 
usually associated with a great variety of peripheral lesions, 
and all these factors justify the difficulties in recruiting 
homogenous populations when presenting clinical results. 
Also, the timing of surgical reconstruction, acute or chronic, 
is an important factor that influences the results. Finally, dif-
ferent surgical techniques, different types of grafts, and dif-
ferent rehabilitation protocols make the comparison more 
difficult, if not impossible. A successful PCL reconstruction 
starts with a proper diagnosis after which the surgeon has to 
make a series of decisions concerning the management and 
the technique to be used. This chosen technique has to be 
carried out very carefully with utmost care of the details fol-
lowed with a good rehabilitation program.

Diagnosis

Regardless of the subjective information provided by the 
patient, a physical examination of the knee should always 
include a thorough evaluation for PCL deficiency. Without 
this essential objective information, the examiner risks, 
falsely attributing an increase of anterior-posterior laxity to 
a torn ACL. On physical exam, the most sensitive test for 
PCL deficiency is the posterior drawer test. Following the 
application of a posterior tibial load, while maintaining the 
hip and knee flexed at 45° and 90°, respectively, posterior 
tibial translation is measured and divided into three grades 
of injury. The Grade I is represented by posterior transla-
tion between 1 and 5 mm, Grade II between 5 and 10 mm 
(with the anterior border of the tibial plateau lying flush 
with the femoral condyles), and Grade III greater than 
10 mm (with the anterior border of the tibial plateau lying 
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posterior to the femoral condyles). Additional information 
can be obtained by performing this test with the tibia held 
in internal and external rotation. Additional tests com-
monly used to evaluate the PCL include the posterior sag, 
the Quadriceps Active tests and the Whipple test. PL struc-
tures can be checked using the Reversed Pivot Shift test 
and the External Rotation Tight Foot Angle (ERTFA or dial 
clock) test [6, 7, 21]. Much information regarding PCL 
injury can be obtained from imaging studies, including 
stress radiographs and magnetic resonance imaging (MRI). 
Stress x-ray appears to be an effective, easy and quantita-
tive method to compare the posterior displacement preop-
erative and postoperative allowing an accurate comparison 
of the results. Stress x-ray can be done with different tech-
niques and different positions but in all the techniques, the 
key for reducing errors is an accurate projection, the clear 
identification of osseous landmarks, and a precise measure-
ment [24, 35, 36]. MRI is now considered the gold standard 
for the diagnosis of PCL lesion and associated pathology 
especially in acute cases. In chronic cases, the MRI is not 
so accurate and a stretched nonfunctional PCL could appear 
normal in MRI [15, 45].

Timing of Surgery

The timing of surgical treatment of the acute PCL injury 
depends on the nature of the PCL tear and the presence 
of associated peripheral injuries. A PCL avulsion should 
be repaired early; while the treatment of an acute isolated 
PCL tear with less than 10 mm of posterior subluxation can 
be postponed for up to few months after injury. The most 
appropriate time to perform a PCL reconstruction is directly 
related to capacity of the PCL to heal with conservative 
treatment [5, 41]. Recently, it has been shown that com-
plete disruptions of the PCL and the MFLs are less likely 
to heal and regain function with time. Combined PCL/
PLC (PosteroLateral Corner) injuries experience the most 
favorable clinical outcomes when treated surgically within 
2–3 weeks from the injury [9, 23]. In case of knee disloca-
tion it is [10, 25] essential to wait for 2–3 weeks after injury 
to allow the capsular tears to heal and enable the surgeon 
to safely perform the arthroscopic procedure. Surgical treat-
ment of combined injuries involving severe disruption of the 
medial collateral ligament (MCL) may be delayed even lon-
ger to give the MCL a chance to heal on its own [13]. In most 
cases, the medial structures have a good healing response 
following a conservative treatment. Reconstruction of the 
posterolateral structures should otherwise not be delayed. 
The clinical outcome of primary repair of the acutely injured 
posterolateral corner has been shown to be superior to that 
of delayed reconstruction of the injured structures [8].

Surgical Techniques

Chronic PCL deficiency can lead to progressive instability 
and early degenerative joint disease [44]. Surgical manage-
ment has increasingly becoming a matter of research and 
debate as surgeons search for a reconstruction technique that 
could restore the normal knee biomechanics and prevent 
further damage to the knee. Although there is increased 
interest in surgical reconstruction, the results are still dis-
couraging and not clear. Furthermore, there is no standard 
technique for reconstruction with a debate whether to choose a 
single- or double-bundle reconstruction. To answer this ques-
tion, a lot of biomechanical and clinical studies are carried out 
comparing the single-bundle to double-bundle reconstruction.

Race and Amis [38] proved the hypothesis that the ana-
tomical reconstruction restores normal AP laxity better than 
the isometric reconstruction. They compared isometric ver-
sus single and double bundle and found that reconstructions 
centered on an isometric point did not reproduce normal AP 
laxity. When tensioned to restore normal posterior drawer at 
60° of flexion, the knee was overconstrained toward exten-
sion and underconstrained in greater flexion. In addition, 
high loads were measured in the graft in the unloaded knee. 
The single-bundled PCL reconstruction resulted in nearly 
normal (within ±1 mm) posterior constraint from extension 
up to 60° of flexion. Nearly normal posterior constraint over 
the full range of flexion was provided by a double-bundled 
reconstruction. Moreover, the addition of a posteromedial 
PCL graft restored nearly normal constraint in full flexion, 
thus giving nearly normal constraint over the entire range of 
flexion. In both the single- and double-bundle reconstruc-
tions, the graft loads in the unloaded knee near extension 
were much lower than for the isometric reconstruction.

Harner et al. [18] confirmed the superiority of double-
bundle PCL reconstruction reporting that posterior tibial 
translation did not differ significantly from the intact knee at 
any flexion angle tested. This reconstruction also restored in 
situ forces more closely than did the single-bundle recon-
struction. These data suggest that a double-bundle PCL 
reconstruction can more closely restore the biomechanics of 
intact knee than the single-bundle reconstruction throughout 
the range of knee flexion.

Ramaniraka et al. [39] in a finite element analysis found 
that a section of PCL induced high compressive forces in the 
medial tibiofemoral and patellofemoral compartments. The 
pressures generated in the tibiofemoral and patellofemoral 
compartments were significantly less after reconstruction but 
nearly the same for the two reconstruction techniques, (sin-
gle graft and double graft). The single graft resulted in lower 
tensile stresses inside the graft than for the double graft. 
These authors concluded that a tear of PCL should be repaired 
in order to avoid excessive compressive forces which are a 
source of cartilage degeneration. Secondly, the two types of 
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PCL reconstruction techniques restored only partially the 
biomechanics of the knee in flexion and a double graft recon-
struction was subjected to the highest tensile stresses.

Single-bundle reconstruction technique had a scientific 
support when Bergfeld et al. [4] did not find a significant dif-
ference between the two techniques in a biomechanical study. 
The double bundle construct tended to slightly overtighten the 
knee from 30° to 60°, whereas the single bundle construct 
allowed slightly more posterior translation between 10° and 
90°. However, no differences in translation between the intact 
state and either of the reconstructions were found to be statisti-
cally significant at any flexion angle tested (P > .05). 
Additionally, no statistical differences between the SB and DB 
reconstructions were found at any angle (P > .05). With the 
tibial inlay technique, both the SB and DB PCL reconstruc-
tions closely reproduced the stability seen in the intact knee.

Markolf et al. [32] further supported the SB technique. 
When in their biomechanical study the single anterolateral 
graft best reproduced the normal posterior cruciate ligament 
force profiles, but laxities were greater than normal between 
0° and 30° of knee flexion. The addition of a second postero-
medial graft reduced laxity in this flexion range but did so at 
the expense of higher than normal forces in the posterome-
dial graft [12]. SB technique gained more support when Race 
and Amis [37, 38] proved that there was no significant differ-
ence between single- and double-bundle PCL reconstruc-
tions at any angle of flexion: both reconstructions restored 
posterior drawer to normal; neither reconstruction restored 
external rotation or varus laxity to normal. They concluded 
that in combined PCL plus PLC deficiency, isolated PCL 
reconstruction only controls tibial posterior drawer, but is 
not sufficient to restore rotational laxity to normal. Double-
bundle PCL reconstruction was not better than single-bundle, 
so the added complexity of double-bundle reconstruction 
does not seem to be justified by these results.

The results of clinical study performed by Wang et al. [46] 
showed no significant difference in functional assessment, 
ligament laxity, functional score, and radiographic changes 
of the knee between the two techniques. The rate of overall 
satisfaction with the operation was comparable from patient 
and surgeon perspectives. Contrary to many recent reports, 
the results of this study showed that single- and double-bun-
dle PCL reconstruction using hamstring autograft produced 
comparable clinical results in medium-term follow-up. The 
difference between single- and double-bundle PCL recon-
struction, if any, can be concluded only with long-term results 
and larger number of patients. Houe and Jorgensen [20] eval-
uated 16 patients at a mean follow-up of 35 months and found 
no significant differences in Lysholm score, activity level, or 
graft laxity with reconstruction using a BTB graft and one 
femoral tunnel was compared with semitendinosus/gracilis 
grafts and two femoral tunnels (level II). Hatayama et al. [19] 
evaluated the postoperative outcomes of arthroscopic PCL 

reconstruction using hamstring tendons and compared sin-
gle- and double-bundle reconstructions. Twenty patients with 
isolated PCL tears and multiligamentous knee injuries were 
enrolled. Single-bundle (group S) and double-bundle (group 
D) reconstructions were applied to ten patients each. Posterior 
tibial translation was measured using stress radiography 
before surgery and 2 years after surgery. Second-look arthros-
copy was also performed in each knee. Two years after sur-
gery, mean side-to-side differences in posterior tibial 
translation of groups S and D were 3.4 mm (SD, 3 mm) and 
4.9 mm (SD, 2.8 mm), respectively. There was no significant 
difference in short-term stability between the 2 groups. 
Second-look arthroscopy showed three ruptures of the pos-
teromedial bundle in the double-bundle technique.

From our own experience [16, 27, 29] and in the light of 
the available literature, we recommend a single-bundle 
reconstruction for the PCL. However, in our opinion, the 
type of chosen technique is less important than a correct 
placement of the tunnels.

Femoral Tunnel

The femoral insertion site of the posterior cruciate ligament is 
very extensive and semicircular in shape, which is actually 
larger than the mid-section diameter of the ligament [14, 17]. 
This fact puts the reconstruction to mimic native anatomy 
nearly impossible. Biomechanical studies have demonstrated 
that as long as the tibial tunnel of the PCL reconstruction is in 
the region of the anatomical attachment, the key determinant in 
controlling posterior tibial laxity is the femoral tunnel place-
ment on the medial wall and roof of the intercondylar notch 
[23]. In a recent study, Apsingi et al. [3] concluded that there is 
considerable variability in literature in the placement of the 
femoral tunnels for PCL grafts, for both the height and depth in 
the notch, and that, the mean graft positions used in the litera-
ture were (for a right knee): the anterolateral bundle 7 mm from 
the edge of the articular cartilage at 1 o’clock; the posterome-
dial bundle 8 mm from the edge of the articular cartilage at  
3 o’clock. These measurements are in relation to a clock face 
with diameter equal to the medial–lateral width of the notch 
placed in the distal outlet of the intercondylar notch and per-
pendicular to the long axis of the femur, with the 9–3 o’clock 
axis parallel to the transepicondylar axis. The distance in mil-
limeters from the edge of the articular cartilage of the femoral 
condyle should be measured parallel to the axis of the femur.

Our recommended technique is single (anterolateral) 
bundle femoral reconstruction with out-in technique 
through a small anteromedial incision. In order to achieve 
a more vertical placement of the tunnel (about 12:30–1 
o’clock in the right knee and 7 mm proximal to the articu-
lar cartilage line) and an easy placement of the drill guide, 
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we perform a preliminary debridement of the intercondylar 
roof, (Fig. 1a, b). During the femoral drilling, the menis-
cofemoral ligaments must be preserved, even if their pres-
ence could hamper the graft passage.

Notchplasty

The notchplasty of the posterior border of the intercondylar 
notch is a step of the reconstruction that is often overlooked 
by many surgeons but that we consider it very important for 
successful outcome. First of all, it is well known that hyper-
flexion of the knee represents one of the PCL injury mecha-
nisms. Moreover, in many follow-up studies a high incidence 
of knee flexion deficit is reported after reconstruction. 
Moreover, the posterior outlet of the intercondylar notch is 
narrower than the anterior one [2]. On basis of these consid-
erations, we perform routinely a notchplasty of the posterior 
aspect where it is possible to detect the presence of osteo-
phytes in the chronic cases (Fig. 2).

Tibial Tunnel

The placement of the tibial tunnel seems to be less influential 
on the outcome of the procedure than that of the femoral tun-
nel. However, the biomechanical and anatomic principals must 
be respected. The following decision that should be made is: 
which type of surgery to perform: tibial inlay or transtibial 
tunnel procedure? With the tibial inlay reconstruction, there is 
a direct placement of the graft on the posterior cortex of the 
tibia, thereby involving both an arthroscopic and an open pos-
terior approach. With the transtibial tunnel single-bundle tech-
nique a bony tunnel is drilled in the tibia to exit in the 
anatomical footprint of the PCL. The inlay technique has the 
specific aim of restoring normal knee kinematics by achieving 
a more anatomic tibial fixation and by avoiding what has been 
described as the killer turn. While some biomechanical studies 
supported the superiority of tibial inlay technique versus the 
transtibial one, one more recent study [26], however, failed to 
show any significant difference between these two techniques. 
Moreover, a posterior incision with a longer surgical time is 
necessary. On the other hand, the transtibial is a full arthroscopic 
procedure but the technique needs a learning curve with some 
doubt about the correct placement of the graft. As regard the 
results of both techniques, McGillivray et al. [22] compared 
single-bundle endoscopic transtibial reconstructions versus a 
tibial inlay technique and found that there were no significant 
differences in clinical outcome. Same results were reported by 
Seon and Song [40] who compared transtibial tunnel fixation 
using quadrupled semitendinosus graft with a tibial inlay tech-
nique using bone-patellar tendon-bone (BTB) autograft at a 
minimum 2-year follow-up (level III). This study included 
43 patients and all are chronic isolated PCL injury. Mean 
Lysholm score for transtibial and tibial inlay groups was 91.5 and 
93.5, respectively; however, this difference was not significant.

Our recommended technique is the transtibial technique 
and we reserve the inlay technique mainly for revision cases. 
The ideal position for reconstruction of the AL bundle is a 

a b
Fig. 1 In (a) the roof of the intercondylar 
notch is debrided in order to allow a more 
vertical (b) placement of the drill guide tip. 
The anterior meniscofemoral ligament 
(MFL) has been preserved

Fig. 2 The probe shows the presence of osteophyte at posterior outlet 
of the intercondylar notch that must be removed. A posterior menis-
cofemoral ligament is visible



PCL Reconstruction: How to Improve Our Treatment and Results  521

point that is as distal and lateral in the PCL footprint as pos-
sible. In single anterolateral bundle reconstruction, the tibial 
tunnel should be in the anatomical footprint of the AL bundle 
of the PCL. However, most of the single-bundle reconstruc-
tion techniques recommend having the center of the tibial 
tunnel 1.5–2 cm below the articular surface, which is actu-
ally the site for the posteromedial bundle. There is no clear 
explanation for this recommendation but the site for AL bun-
dle may have the risk of cutting through the articular surface. 
And so the tunnel is inferior to the footprint of the AL bundle 
more near the PM bundle footprint [33]. This AL femoral to 
PM tibial mismatch reconstruction may be responsible for 
the slightly inferior results with the transtibial technique. 
The guide wire should exit about 10 mm distal to tibial artic-
ular surface. Conversely, positioning of the tibial tunnel exit 
more proximally alters the physiologic load on the graft and 
can cause a fracture of the superior edge of the bone tunnel.

There are many methods described to avoid neurovascular 
injury while carrying out the tibial tunnel: as the use of an 
image intensifier, the use of calibrated K-wire, the use of 
manual instruments for completion of last part of tunnel, or a 
posterior mini-access. Fanelli et al. [11] introduced the option 
of this posteromedial safety incision that allows the surgeon’s 
finger to act as a barrier between the tip of the guide pin and 
the artery. Ahn and Ha [1] introduced the concept of trans-
septal approach, which is our preferred technique for the 
PCL reconstruction. With the removal of the posterior sep-
tum, the working space of the posterior compartments is 
increased allowing direct visualization of the guide wire and, 
later, facilitating graft passage and fixation (Fig. 3). The entry 
point on the anterior surface of the tibia is usually made 
through the anteromedial aspect of the tibia. Ohkoshi et al. 
[34] proposed the use of entry from anterolateral tibial sur-
face for minimizing the graft angulation. In another trial, a 
new biomechanical study found that aperture tibial fixation is 
better than suspension fixation in reducing the killer turn, and 
smoothing of the tunnel end leads to significant decrease in 
graft tear and elongation [47]. Because the distance between 

the posterior tibial cortex and the artery is about 5.9 mm in 
extension and 7.2 mm in 90° of knee flexion [42], the tibial 
tunnel should always be done in flexion and any work through 
the posterior compartment should be done in flexion and 
under direct vision.

To benefit from the full arthroscopic procedure and the 
anatomical placement of the inlay procedure, we have 
described [31] a full arthroscopic inlay technique with prom-
ising results. The main indications for the arthroscopic inlay 
technique are: (1) revisional PCL reconstruction, (2) cases 
where the creation of a tibial tunnel is difficult or impossible 
for presence of hardware due to previous surgeries as frac-
ture or corrective osteotomy, (3) cases of PCL insufficiency 
formal- or non-union of PCL avulsion, (4) PCL lesions in the 
skeletally immature patient (Fig. 4).

Graft’s Choice

Despite significant advances in graft choices for PCL recon-
struction, the perfect graft does not exist. Types of grafts can 
be divided into autograft and allograft. The ultimate tensile 
load and the stiffness of different grafts used for PCL recon-
struction are compared to each other and to the native PCL in 
Table 1. Autografts that are adequate for PCL reconstruction 
include the bone patellar tendon bone (BPTB), the hamstring 
tendons, and the quadriceps tendon. BPTB is the most com-
monly used graft for PCL reconstruction [28]. After Clancy 
et al. [5], who showed good results with its use, the BPTB has 
become increasingly popular. With its proximal and distal 
bone plugs, this graft achieves a biological fixation. The patel-
lar tendon has sufficient strength to withstand intact PCL 
forces despite its small size in comparison to the native PCL. 
The use of the hamstring tendons for PCL reconstruction has 
been described to augment primary repair of the partially torn 

Fig. 3 Placement of the drill guide in a right knee. The scope is placed 
at posteromedial portal and the cannula placed at posterolateral portal 
and the femoral lateral condyles are visible after the removal of the 
posterior septum

Fig. 4 Full arthroscopic in-lay technique. The bone block of quadri-
ceps graft is placed in the groove previously performed and fixed with 
transtibial sutures
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PCL or to fully reconstruct it. Concerns are expressed regard-
ing the possible stretching of the graft and the consequent 
failure, around the killer turn [16]. The major weakness of the 
hamstring tendons is its lack of bone plugs for rigid fixation. 
The quadriceps tendon has been popularized due to the large 
graft size. The large cross-sectional area and the generous 
length of the quadriceps tendon graft closely approximate the 
size of the normal PCL and enable the surgeon to perform a 
single- or a double-bundle reconstruction using the same 
graft. As already described for the hamstring tendons, how-
ever, the absence of a bone plug at the proximal end of the 
quadriceps tendon graft decreases the rigidity of the fixation. 
The allograft may be an excellent alternative for use in PCL 
reconstruction, especially in complex ligament injuries, revi-
sion surgery. Advantages of using an allograft include reduced 
donor site morbidity, reduced damage of extensor mecha-
nism, reduction of the surgical time, and the ability to use 
multiple grafts for treating combined injury or for performing 
a double-bundle reconstruction. Concerns exist, however, 
regarding the increased risk of disease transmission, the delay 
in the remodeling process of the allograft in comparison to the 
autograft, and the excessive cost of the allograft. Even though 
the allograft and autograft both have advantages and disad-
vantages, Noyes et al. reported that there are no significant 
differences in the outcomes of patients treated with allografts 
or autografts for PCL reconstruction. The use of synthetic 
grafts has been discouraged after the poor results obtained for 
ACL reconstruction. Attachment site problems, cyclic wear, 
and fatigue failure have drastically reduced the indications for 
using such grafts in knee ligament reconstructions.

Graft Passage

In contrast to the ACL reconstruction where the tibial tunnel 
makes a more or less straight line with the femoral tunnel, 
the tunnels in PCL reconstruction have different directions. 
And so the passage of graft is not that easy as the direction 

of pull is almost perpendicular with the direction of the graft. 
Inserting a smooth rod as the trocar through the posterome-
dial portal to act as a pulley for redirection of the force the 
graft is advanced easily into the joint [27] (Fig. 5).

Graft Fixation

Fixation is left to the surgeon’s preference. Metallic or bio-
absorbable screws can be used. The ideal type of fixation 
should offer a strong initial stability allowing for early start 
of rehabilitation. In the mean time the graft should not be 
destroyed and a healthy biological reaction and graft incor-
poration into the bony tunnel should be permitted. The aper-
ture fixation of the graft should provide a more anatomical 
and biological fixation reducing the working length of the 

Fig. 5 The blunt trocar facilitates the graft passage into the joint redi-
recting the pull forces

Fig. 6 Due to the different bone mineral density of the posterior aspect 
of the tibia, the screw was enabled to fix the bone block of graft

Table 1 Accepted values for ultimate tensile load and stiffness

Ultimate tensile 
load (N)

Stiffness 
(N/mm)

Native ACL [43] 2,160 242

Doubled semitendinosus/ 
gracilis [44]

4,140 807

Bone-patellar tendon-bone 
(10 mm) [45]

2,977 455

Quadriceps (10 mm) [46] 2,352 326

Native posterior cruciate ligament 
(PCL) [47]

1,627

ALB Anterolateral bundle [48] 1,620

PMB Posteromedial bundle [48] 258
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graft and so reducing graft stress. On the other hand, suspen-
sion fixation had the advantage of a stronger cortical fixation. 
Although most authors prefer to fix the femoral side first, 
several biomechanics studies have shown an advantage of 
tibial fixation followed by graft tensioning and then femoral 
fixation. Due to the killer turn effect and the documented late 
graft elongation an aperture fixation with a smoother bioab-
sorbable screw appears to be more logic [47]. Fanelli [11] 
recommend the use of primary and back-up fixation both for 
the tibial and femoral sides. The tibial fixation needs particu-
lar attention by the surgeon in that the fixation is performed 
in an area of decreased bone density. This area of osteopenia, 
30% less than the anterior aspect of tibia, can produce insuf-
ficient mechanical fixation, and an oversized screw or hybrid 
fixation can reduce this problem [30] (Fig. 6).
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Allografts in PCL Reconstruction

Dimosthenis A. Alaseirlis, Konstantinos Michail, Eleftherios Stefas,  
and Christos D. Papageorgiou 

General Concepts on PCL Injury

Posterior cruciate ligament (PCL) injuries have received 
increased interest over the last decades. It has been estimated 
that 9.1% of all acute knee injuries with an hemarthrosis 
involve injury of the PCL [15]. Clinical and experimental 
studies showed the main role of the PCL in knee stability and 
kinematics. PCL stabilizes the knee acting as an axis in rota-
tional motion of the joint [19, 26]; it additionally restricts 
posterior tibial translation and contributes to controlled 
medial and lateral rotation of the tibia in relation to the femur 
[19, 26]. It is thus currently accepted that chronic PCL insuf-
ficiency may lead to knee early degeneration. It is generally 
recommended that grade III isolated PCL tears or any tear 
combined with multiligament knee injury should be treated 
surgically with reconstruction of the ligament [14, 18]. 
Considering that the mean age at the time of injury is 
27.5 years, the age at which most traffic accidents and sports 
injuries occur [24], we conclude that PCL injuries mainly 
involve active patients and the problem accepts both social 
and economic parameters.

Allografts Compared to Autografts  
in PCL Reconstruction

Reconstruction of the PCL was always challenging for ortho-
pedic surgeons owing to the anatomical and structural details 
of the ligament. Anatomical considerations and the preferred 
surgical technique indicate, in most of the cases, the type of 
the graft to be used. Both allografts (Achilles, anterior and 
posterior tibialis, bone patellar tendon bone [BPTP], iliotib-
ial band, and quadriceps tendon) and autografts (hamstrings, 
BPTB, iliotibial band, and quadriceps tendon) have been 
used by surgeons over the past years. The choice of the type 
of the graft depends on the chosen surgical technique; the 
presence of a multiligament injury; the availability of both 
autografts and allografts; surgeon’s and patient’s preference; 
and legal, ethical, and economic considerations.
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Posterior cruciate is a thick ligament, twice as strong as the 
ACL with an average length of 38 ± 2 mm and width of 
14 ± 0.5 mm [11, 12]. Consequently, a large and of appropriate 
length and width graft is needed to satisfy a single-bundle 
reconstruction of the ligament. While adequate cross-sectional 
area provides strength to the graft, appropriate length provides 
a significant parameter for a successful outcome. It has been 
estimated that an effective length of 34 and 48 mm is required 
for a BTBT and an Achilles graft, respectively, to effectively 
reproduce PCL structural behavior; shorter lengths result in 
increased graft tension and possible early failure [16]. Allografts 
can reliably offer adequate graft size giving a predictable treat-
ment planning, as they can safely provide an average of 
10–12 mm graft width, which is usually used [6]. Although 
autografts have been reported to often provide the required 
length, adequate autograft is not available in a number of 
patients and the only remaining choice is to use an allograft [4]. 
This is especially true for hamstrings autografts. Even in cases 
where hamstrings are of sufficient size they usually provide a 
double-looped graft of an average width of 8 mm, which is sig-
nificantly lesser than allografts’ available widths [22]. The usu-
ally desired width for the PCL’s single-bundle graft is 10–12 mm 
[16]. Limitations during harvesting of BPTB autografts, in pur-
pose to preserve donor site tissue, lead to a lesser width of the 
graft when compared to BPTB allografts [6].

Double-bundle PCL reconstruction techniques have been 
developed to better restore anteroposterior and rotational 
stability of the knee, especially in cases where both bundles 
and the meniscofemoral ligaments are torn [5, 10]. As newer 
studies report that single-bundle technique cannot consis-
tently restore both anteroposterior and rotational stability, 
there is a trend in expertise surgeons to regularly perform 
double-bundle PCL reconstructions [17, 21]. Thus a split 
Achilles tendon (Fig. 1) or anterior and posterior tibialis ten-
dons allografts are often preferred in double-bundle recon-
structions as they can safely provide appropriate length and 
cross-sectional area. Although there are series that report 
similar or even slightly better results when hamstrings 

tendons autografts are used compared to Achilles tendon 
allografts [2], most surgeons prefer to use allografts of 
appropriate size in double-bundle PCL reconstructions. The 
choice of the type of the graft to be used is also very closely 
related to the preferred technique. In tibial in-lay technique, 
the length of the graft is not usually a prerequisite, as the 
technique reduces the angulations of the graft and a BPTB 
autograft or allograft can be equally used. Quadriceps 
autografts and BPTB autografts in tibial in-lay technique 
can provide sufficient length and width but there are reports 
that they result in extensor’s mechanism weakness [1].

Allografts in Combined Multiligament  
PCL Injuries

Epidemiologic studies report that PCL injuries are presented 
as multiligament injuries in 52–53% [15, 24] of the cases. PCL 
tears are often associated with tears of the anterior cruciate 
ligament (ACL), the medial collateral ligament (MCL), the lat-
eral collateral ligament (LCL), the posterolateral corner com-
plex (PLC) and/or the medial or the lateral meniscus [15, 24]. 
Although the preferred technique in PCL, PLC, and ACL com-
bined injury is a single-bundle PCL reconstruction, allografts 
are usually used for the syndesmoplasty of the ligament; the 
need for additional ligament reconstructions and the limita-
tions in the availability of autografts suggest the use of avail-
able autografts for the reconstruction of only the ACL . One 
could harvest and use simultaneously hamstrings, BPTB, or 
quadriceps tendon autografts, but this is generally not preferred 
as it could potentially destabilize an already severely injured 
knee and it would dramatically increase postoperative morbid-
ity. Author’s preferred treatment in combined multiligament 
injuries is to use allografts for all ligaments’ reconstruction to 
save time and limit donor’s site morbidity (Figs. 2 and 3).

Fig. 1 Split Achilles tendon allograft prepared with pulling sutures on 
the back table

Fig. 2 Arthroscopic view of a completed multi-ligament reconstruc-
tion. Two tibialis posterior tendon allografts have been used each for a 
single-bundle reconstruction of the ACL and the PCL respectively. 
Remnant of the ACL’s posterolateral bundle has been retained
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Multiligament knee injuries involve time-consuming pro-
cedures and allografts are preferred by many surgeons to 
reduce operative time. Shorter duration of the procedure is 
not only beneficial for the surgical team, but also for the 
patient itself. Lesser tourniquet times contribute to lesser 
wound problems, lesser postoperative quadriceps weakness, 
and faster rehabilitation of the knee joint [7]. Reduced time 
in the operative theater and faster return to daily activities 
provide elimination of social and economic costs; this fact 
can balance the high cost of using allografts.

Risks in Using Allografts  
in PCL Reconstruction

There is a theoretical risk for disease transmission when using 
allografts. Patients have to be informed about this possibility, 
although it has been estimated that the risk of HIV-infected 
allografts is only about 1:1,667,000 [3]. New international 
guidelines and improved techniques of harvesting, steriliza-
tion, transportation, and preservation of the allografts are 
believed to have eliminated, even more, the possibility of dis-
ease transmission. A complete screening of the donors with a 
detailed history has been currently established and laboratory 
exams are made before the harvesting of the graft and multi-
ple cultures follow. While new methods of sterilization are 
under development, gamma or E-beam irradiation and ethyl-
ene gas are still widely used methods. Fresh frozen and pro-
cessed frozen techniques, cryopreservation, and lyophilization 
are different types of preservation that vary in harvesting pro-
cedure, restoration, and way of transportation. All the men-
tioned procedures focus on eliminating the possibility of 
disease transmission while maintaining the strength and 
integrity of the graft. Due to the formal prerequisites needed 

for ordering allografts, they are not advised to be prepared in 
cases in which the reconstruction of the PCL is under ques-
tion preoperatively.

Both experimental and clinical studies have been per-
formed to estimate the mechanical properties and biologic 
incorporation of allografts compared to autografts in knee 
ligament reconstruction procedures. Existing experimental 
studies involve mostly the ACL than the PCL grafts and their 
results are controversial. Although relative reports estimated 
equal mechanical and structural properties at the early post-
operative period, allografts showed delayed revasculariza-
tion and incorporation, decreased number of small-diameter 
collagen fibers, decreased stability, and decreased strength to 
failure values at 6 and 12 months postoperatively [13, 23]. 
On the contrary, a unique histological recent study of an 
Achilles allograft 11 years postoperatively showed that the 
graft was fully stable and incorporated with an ideal macro-
scopic and cellular structure that made it indistinguishable 
from native cruciate ligaments [20]. Despite experimental 
findings, most clinical studies show similar long-term func-
tional results when using allografts for PCL reconstruction 
compared to autografts [2, 6, 9, 25, 27].

Preferred Methods

Author’s preferred grafts for both single and double-bundle 
PCL reconstruction are allografts mainly Achilles tendon and 
in a lesser degree tibialis posterior (single or combined with 
Achilles tendon). In a common series of two orthopedic 
departments of the country 42 patients were treated for PCL 
insufficiency. Two senior knee surgeons performed PCL 
reconstruction using allografts in all cases. While 38 patients 
suffered a multiligament injury, 30 patients received a single-
bundle Achilles tendon allograft, five patients received a sin-
gle-bundle reconstruction using a double-looped tibialis 
posterior allograft, five patients received a double-bundle 
PCL reconstruction using a split Achilles tendon allograft, 
and two patients received a double-bundle reconstruction 
using an Achilles tendon allograft for anterolateral bundle 
and a tibialis posterior allograft for posteromedial bundle. A 
transtibial arthroscopic technique was used in all patients. 
After an average of 25 months follow-up, the results were 
satisfactory as there was a significant improvement in 
Lysholm score (average score of 92.8 ± 6) and in both instru-
mented and clinically measured knee laxity. All patients, 
except two, were finally able to return to preinjury activity 
level, with the two patients being suffered by graft infection.

Despite the mentioned disadvantages of using allografts 
such as immune reaction, disease transmission, cost, reported 
delayed incorporation and remodeling, reported inferior 
structural properties, it seems that most surgeons look at the 

Fig. 3 Arthroscopic view a completed single-bundle PCL reconstruc-
tion combined with a double-bundle ACL reconstruction. Two posterior 
tibialis tendon allografts have been used for the reconstruction of the 
two bundles of the ACL. An Achilles allograft tendon has been used for 
the PCL reconstruction (black arrow)
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advantages: Decreased tourniquet and surgical time, lack of 
donor-site morbidity, increased size of the graft, and useful-
ness in double-bundle reconstruction and in combined 
 multiligament injuries.

Current trends indicate that most of the surgeons use mainly 
Achilles allograft for PCL reconstruction [8, 9], although the 
type of the graft to be chosen depends on the surgeon’s prefer-
ence, and some expertise on the field has recently shown a ten-
dency to use tibialis posterior tendon (Professor F.H. Fu, 
UPMC, PA, USA, personal communication).
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Combined Anterior and Posterior  
Cruciate Ligament Injuries

Asım Kayaalp, Reha N. Tando an, U ur Gönç, and Kaan S. Irgıt 

Combined anterior cruciate ligament (ACL)–posterior cruci-
ate ligament (PCL) injuries are a subtype of knee disloca-
tions in most of the cases (Fig. 1). The injury is almost always 
accompanied by various degrees of capsular and collateral 
ligament damage. Spontaneous reduction occurs in a signifi-
cant number of the cases. These injuries comprise approxi-
mately 1% of all ligament injuries [35]. Most of the time, 
they occur as a result of high-energy trauma. The high preva-
lence of motor vehicle and industrial injuries and even sports 
trauma has led to an increased interest in these catastrophic 
knee injuries.

Until the last 20 years, conservative or mostly complication 
oriented, limited surgical procedures were advocated [41]. 
Advances in surgical techniques, expanding scientific knowl-
edge and unsatisfactory results of conservative treatment have 
led to a recent trend towards surgical treatment [4].

Timing of surgery is an important issue and associated 
injuries play a significant role. In addition to the ACL and 
PCL, popliteal artery, peroneal nerve, collateral ligaments, 
patellar tendon, menisci, and cartilage may be injured. Some 
patients suffer other extremity and torso injuries. The stabil-
ity of closed reduction, condition of the skin, and open inju-
ries may also affect the surgical timing.

Associated Injuries

Popliteal artery injury has been reported in up to 32% of 
acute cases [10]. Amputation rate is very high after 8 h in 
untreated cases. The presence of pedal pulses or flow in 
Doppler ultrasound may not always be adequate. Ankle/bra-
chial index is a valuable adjunct to diagnosis. Mills et al. 
reported 100% sensitivity, specificity, and positive predictive 
value for significant arterial injury using the ankle/brachial 
index [26]. Angiography is the gold standard; however rou-
tine usage is still controversial [15]. If the arterial status of 
the extremity is in doubt, emergency angiography should be 
performed [19]. However, careful clinical follow-up and the 
selected use of appropriate imaging modalities in the first 
48 h obviates the need for routine angiography [27].
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Peroneal nerve injury has been reported in 14–40% of the 
cases [44]. Various clinical presentations from mild sensory 
loss to full motor deficit can be observed [42]. Exploration, 
neurolysis, and primary end-to-end repair are possible dur-
ing acute PLC (posterolateral corner) repair or reconstruc-
tion. Late interventions such as nerve grafting should be 
postponed for 3 months. However, neither early nor late sur-
gical repair has a high success rate [44].

Associated collateral ligament injuries are very important 
in deciding on the surgical strategy. Late reconstructions of 
acute PLC injuries result in inferior functional outcomes; 
therefore, they should be repaired in the first 3 weeks [18, 21]. 
Grade I and II medial side injuries can heal with conservative 
treatment [36]. However, grade III injuries of the MCL (medial 
collateral ligament) should be repaired or reconstructed dur-
ing the acute phase [16, 28]. If reconstruction of the cruciate 
injuries cannot be done in the acute setting due to vascular or 
soft tissue compromise, the collateral and capsular structures 
should be repaired in the first 3 weeks followed by an elective 
ACL-PCL reconstruction [7]. Early uncontrolled mobilization 
of the knee and early weight-bearing after isolated collateral 
reconstruction may lead to failure. Ideally, arthroscopic ACL-
PCL reconstruction and collateral repair should be done within 
10–20 days following injury in uncomplicated cases.

The stability of reduction is another important issue 
affecting surgical timing. Acute dislocations must be reduced 
immediately. If this cannot be achieved by closed means, 
open emergency reduction must be performed. Unreduced 
dislocations adversely affect the circulation of the extremity 
and may compress the posterior tibial and peroneal nerves.  
If the knee remains subluxated or the reduction cannot be 
maintained, it will be very difficult to correct in the chronic 
phase. In most cases, a long leg splint or knee brace is suffi-
cient to maintain reduction. In cases where stability is hard to 
maintain, especially in patients with open wounds, a span-
ning external fixator is helpful [40]. Patellotibial fixation, the 
so-called “olecranization,” should never be done. Chronic 
cases should be examined for fixed posterior subluxation 
before reconstructive surgery, if present aggressive physio-
therapy or open surgical release may be necessary [39].

Open injuries and skin lesions around the knee are impor-
tant risk factors for infection. Ligament surgery should be 
postponed until soft tissue coverage is obtained. Periarticular 
fractures should be fixed before ligament surgery. Several 
articles have compared early versus late surgery in multiliga-
ment injuries. Early surgery leads to better results, especially 
in cases with PLC injuries [18, 21]. Synovial sealing usually 
occurs in 10 days and arthroscopic surgery can safely be per-
formed after this time. Better understanding of the anatomy 
and biomechanics of the knee has resulted in refined surgical 
techniques and this in turn has led to better clinical results 
with early intervention. Late surgery for bi-cruciate injuries 
can be considered for patients without collateral ligament 
disruptions to decrease the risk of arthrofibrosis [7, 8].

Evaluation

A thorough clinical and radiological workup is mandatory in 
combined ACL-PCL injuries. Plain x-rays may reveal femoro-
tibial incongruency, avulsion fractures, medial and lateral tib-
ial plateau rim fractures (i.e., Segond fractures) in acute 
injuries. Varus, valgus, and posterior stress x-rays are useful in 
chronic cases. Instrumented stress x-rays may be valuable for 
the PCL. Weight-bearing x-rays to identify arthritic changes 
are helpful. Alignment of the lower extremity should be 
assessed. MRI is indispensable for the acute and chronic cases. 
It can give valuable information about location and extent of 
ligamentous, capsular, osteochondral, and meniscal injuries.

Surgical Treatment

Identification of avulsion and peel-off injuries are very 
important. Primary repairable avulsions are not infrequent in 
PCL injuries. Bony avulsion is more common on the tibial 

Fig. 1 Acute knee dislocation
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insertion site of PCL [28, 32]. Tibial avulsions of PCL can 
either be seen as single fragment or multifragments (Fig. 2). 
Success rate is quite high in these types of injuries. However, 
collagen quality of the injured ligament is important. Bony 
avulsions can be internally fixed in an open or arthroscopic 
manner [38]. A screw-washer combination is often used to 
fix the bone fragment (Fig. 3). Bone to bone fixation leads to 
best results in terms of stability and early range of motion 
(ROM). Peel-off type injuries occurs more frequently on the 
femoral insertion of the PCL [22]. Repair can be performed 
with multiple pull-out sutures passing through the substance 
of the ligament to the femoral attachment site. Augmentation 
may be needed. Tibial side avulsion fractures of ACL are 
rare in adults and can be fixed with screws [11].

ACL reconstruction techniques are pretty standard. 
Single-tunnel techniques should be preferred in multiliga-
ment injuries to decrease surgical time and morbidity. Better 
results have been reported with the advent of recently 

developed anatomic ACL reconstruction techniques [23, 24, 
25]. Tunnel locations in these techniques aim for the center 
of the tibial and femoral footprint of the ACL. This results in 
a more oblique positioning of the intra-articular part of the 
graft and the risk of impingement of the ACL to the PCL is 
reduced [33].

However, PCL reconstruction techniques are still contro-
versial. Tibial tunnel versus tibial inlay and single-bundle 
versus Double-bundle techniques are still being debated. 
Initial biomechanical strengths of tibial tunnel and tibial 
inlay techniques are similar [24]. Although good results have 
been reported with the tibial tunnel technique [14], the acute 
angulation of the graft at the intra-articular entrance of the 
tibial tunnel, the so-called “killer turn,” may lead to attenua-
tion and failure of the graft [23]. Several technical modifica-
tions have been reported to decrease the unfavorable effect of 
this angulation. Creating a more lateral tibial tunnel provides 
a more linear graft positioning [34]. Fixation of the graft 
adjacent to the intra-articular opening of the tunnel (anatom-
ical fixation), and preserving the remnant of the PCL in front 
of the graft to decrease friction between the graft and the 
tibial aperture is also helpful (Fig. 4). Immobilization in the 
early postoperative period may also enhance tunnel-graft 
incorporation and protect the graft from abrasion.

Inlay techniques for PCL reconstruction have become 
popular in the recent years. These techniques utilize a graft 
with a bone block (e.g., patellar tendon, Achilles tendon, 
quadriceps tendon) that is fixed into a trough on the tibial 
insertion of PCL [2, 3]. Initially reported as open procedures, 
arthroscopic techniques have been described in the recent 
years [20]. Direct and rigid graft fixation is important to pre-
vent abrasion. Unfamiliar anatomy, two different positioning 
and draping stages during surgery and increased surgical 
time are the disadvantages of the tibial inlay technique.

Another issue is whether to use a single- or double-bundle 
technique (Fig. 5a, b). Anterolateral (AL) and posteromedial 
(PM) bundles of PCL have different biomechanical features. 
Anterolateral bundle is three times stronger and two times 

Fig. 2 Tibial avulsion of PCL

a b

Fig. 3 Fixation of posterior 
cruciate ligament (PCL) tibial 
avulsion. (a) Surgical view; 
(b) post-operative x-ray
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more rigid compared to the posteromedial bundle [30]. Only 
the AL bundle is reconstructed in the single-bundle tech-
niques. Several studies have reported that this technique pro-
vides adequate posterior knee stability [13, 43]. However, 
proponents of double-bundle techniques argue that the wide 
insertion site of PCL and the different biomechanical func-
tions of two bundles are more closely reproduced in double-
band techniques [12, 31]. A recent biomechanical study 
contradicts this opinion and points out that the PM bundle 
my fail in time due to overloading at 30° of flexion. The same 
study cautions against the use of a time-consuming and com-
plicated double-bundle technique just to achieve 1–2 mm 
additional stability in extension [45]. Nevertheless, if gross 
posterolateral or medial instability is present, doing a dou-
ble-bundle PCL may be worthwhile.

The choice of graft material depends on the availability of 
allograft and presence of uninjured autologous tissue. The 
merits and disadvantages of both types of grafts should be 
taken into consideration. Patellar tendon, hamstrings, and the 
quadriceps tendon are the most common autografts. However, 
these tissues may not suffice or may be injured in multiliga-
ment injuries. Harvesting these grafts may cause additional 
trauma, skin necrosis, and morbidity in an already injured knee. 

Time constraints may limit the time available for harvesting. 
Additional incisions may contribute to arthrofibrosis and lim-
ited motion after surgery. Therefore, the use of allografts is an 
attractive option in multiligament injuries [17, 29, 44]. Since 
there are no constraints to the number and type of allograft tis-
sue, the surgeon may choose the best graft for a given tech-
nique. Inlay PCL reconstructions require a graft with bone 
block while tunnel reconstructions are easier to do with ante-
rior tibial tendon allografts.

The reproduction of original insertion sites of cruciate 
ligaments is important for optimum biomechanical function. 
The anatomical landmarks may be difficult to find when 
femorotibial congruity is severely compromised. Care should 
be taken not to distort the anatomical landmarks during deb-
ridement. Correct placement of tunnels requires preservation 
of the ligament insertion footprints. If intact, uninjured bun-
dles of the ACL or PCL should be preserved during the 
reconstruction. Meniscofemoral ligaments may be intact in 
acute cases and these should be identified and preserved.

In the tunnel technique, the intra-articular exit site of the 
PCL is a very important issue. In most of the cases, identify-
ing and preparing this site can be done easily through the 
standard anterolateral and anteromedial portals. PCL tunnel 
exit site is about 1.5 cm below the tibial plateau. The pos-
teromedial portal may be helpful to define the exact location 
of the intra-articular end of the tibial tunnel. A cannula placed 
in this portal allows for easy exchange of the scope and 
instruments. The remnant of PCL can be removed easily 
through this portal. The transtibial tunnel can be created by 
using an ACL or designated PCL drill guide. C-arm fluoros-
copy or x-ray is very helpful at this stage for identifying the 
posterior exit site of the tibial tunnel (Fig. 6). The metaphy-
seal entry point of the tibial tunnel may be medial, lateral, or 
even through the patellar tendon harvest defect. A laterally 
starting tunnel may decrease graft abrasion by increasing the 
angle of approach. After guide pin placement, the tunnel is 
overdrilled carefully to prevent posterior violation. The pos-
terior capsule should be carefully elevated distally from the 
tibia using the posteromedial portal and all drilling should be 

Fig. 4 Posteromedial view. The original PCL remnant can be seen 
under the PCL graft

a b

Fig. 5 (a) Single-bundle PCL reconstruc-
tion; (b) double-bundle PCL reconstruction
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done under direct visualization. This prevents catastrophic 
neurovascular complications associated with PCL recon-
struction. The femoral tunnel for the AL bundle of PCL is 
7 mm from the anterior and 7 mm from the distal articular 

cartilage margin of the medial intercondylar notch. The tun-
nel for the PM bundle should be 20 mm from the anterior and 
8 mm from the distal articular cartilage margin [1]. Injury to 
the articular cartilage should be avoided while drilling the 
PCL tunnels. The PCL femoral tunnel can be created in an 
outside-in or inside-out fashion. Likewise, the implants may 
be placed outside-in or inside-out. Inside-out implant place-
ment is difficult and may injure the graft. However, this tech-
nique has the advantage of minimal dissection of the medial 
femoral condyle.

An adequate distance should be maintained between the 
tibial tunnels of ACL and PCL (Fig. 7). Otherwise the two 
tunnels may merge into a single large cavity, especially in 
chronic cases with osteoporotic bone. This catastrophic com-
plication makes it impossible to fix the grafts, therefore  
the surgery will have to be postponed and the cavity grafted 
with bone.

The PCL graft should be tensioned first, after several 
cycles of knee motion. Normal tibial step-off is created. 
Single-bundle grafts should be fixed at 70–90°. Double-
bundle grafts should be fixed at 70° and 30° for the antero-
lateral and posteromedial bundles, respectively. The ACL 
graft should be tensioned at 0–20° of flexion. Collateral 
ligaments should be tensioned at 30° of flexion. PCL graft 
should be fixed before PLC and ACL grafts, followed by 
MCL reconstruction [6, 9]. Various fixation options are 
available. Unlike isolated ligament reconstructions, addi-
tional back-up fixation techniques should be employed, 
considering the great amount of load placed over these 

Fig. 6 Radiological control of intra-articular exit site of the PCL

Fig. 7 Tibial tunnels of ACL and PCL
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grafts (Fig. 8). Aperture fixation methods and adjuvant fix-
ation devices are often used. After fixation of the all the 
grafts, stability of the grafts should be tested clinically and 
arthroscopically by fully flexing and extending the knee 
several times. This is critical for avoiding postoperative 
laxity or an overconstrained articulation. The intra-opera-
tive stability will also set the guidelines for future rehabili-
tation protocols.

Rehabilitation is totally different from isolated cruciate 
injuries [5, 37]. It depends on which ligaments are injured 
and the type of reconstruction. Aggressive rehabilitation 
should be avoided. Prone ROM (range of motion) exercises 
are advised after 4 weeks. Generally, full weight-bearing is 
allowed after 6 weeks. Active contraction of the hamstrings 
should be avoided for at least 6 weeks. Active resisted exer-
cises can be started at the third month. Return to heavy labor 
or sports should not be done earlier than 9–12 months.

To conclude, acute surgical intervention leads to much 
better results in bi-cruciate injuries. Depending on the condi-
tion of the skin, the patient’s overall health, and the periph-
eral ligaments involved, the best surgical time is in the first 
3 weeks after the injury. If possible, all the ligaments should 
be repaired in the primary surgery. Functional outcomes of 
severely injured knees are very different from isolated inju-
ries even in experienced hands.
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Combined Knee Trauma

Daniel Fritschy 

In knee traumatology, we used to separate fractures around 
the knee, such as distal femoral, tibial plateau, patellar, or 
fibular head fractures, from ligamentous and meniscal lesions. 
In some institutions, these traumas are treated by separate 
teams.

High energy trauma affecting the knee can lead to com-
bined fractures, ligamentous and meniscal tears. These 
lesions have to be diagnosed as soon as possible because 
early treatment gives better results.

The diagnostic process of these combined lesions is dif-
ficult and some therapeutic steps have to be respected:

1. Clinical examination, laxity, and meniscal evaluation
2. Imaging examination (x-ray, CT scan, and MRI)
3. Fracture diagnosis and workout
4. Repeat laxity and meniscal evaluation after fracture fixation
5. Ligament and meniscus repair

Clinical Examination

This first step is difficult because the patient is in the emer-
gency room where many people are involved and medical 
decisions have to be taken quickly. The patient is some-
times polytraumatized and unconscious. In the best sce-
nario, he presents a swollen knee and is unable to move it. 
A quick vasculonervous check-up of the affected lower 
limb is performed.

The following bone structures have to be examined and 
palpated:

1. The distal femur with both epicondyles
2. The proximal tibia, medial and lateral tibial plateau, tibial 

tuberosity
3. The patella
4. The fibular head

The extensor mechanism has to be checked from the quadri-
ceps tendon, the patella, the patellar tendon, and the tibial 
tuberosity. When the patient is conscious, an active quadriceps 
contraction can be asked and demonstrated.
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The insertions of the lateral and the medial collateral liga-
ments can be identified and the course of the ligaments pal-
pated before testing them. This laxity test depends of course 
on the eventual associated fractures. The anteroposterior lax-
ity is then tested, depending again on the possible fractures 
(Fig. 1).

Imaging

A classical radiographic examination consists of three views: 
anteroposterior, lateral, and axial. With these views, the bone 
lesions are first identified. The distal femur, proximal tibia, 
patella, and fibular head must be carefully examined. If the 
articular surfaces are involved in the fractures topography, a 
CT scan examination is necessary and should be asked as 
soon as possible. A 3D reconstruction will also contribute to 
the analysis and understanding of the lesion.

Some precise bone lesions correspond [1, 2, 3] to specific 
ligamentous injuries like the Segond fracture and the arcuate 
sign (Fig. 2).

The Segond fracture indicates [1] an avulsion of some 
lateral capsulotendinous fibers with a bone fragment, cor-
responding to a violent rotation movement of the knee joint 

and pathognomonic of an anterior cruciate ligament tear. 
When the amount of rotation is strong enough to detach the 
bone insertion of some capsulotendinous fibers, the ACL 
must be torn.

The arcuate sign [4] is an avulsion fracture from the fibu-
lar head and can be described following a trauma in varus of 
the knee with opening of the lateral compartment. In this 
case, the fibular head fragment is holding the insertion of the 
lateral collateral ligament, the biceps tendons, the popliteo-
fibular and the arcuate ligaments. These lateral lesions cor-
respond to a posterolateral corner injury associated with a 
posterior cruciate ligament tear (Fig. 3).

To precisely detect the nature of the fractures, we have the 
computed tomography (CT) scan technology, which can 
deliver tomography slices, in various planes, of the bone 
structures and also reconstruct the whole affected area in 
three dimensions. CT scan images are routinely used to ana-
lyze articular fractures in detail. The amount of articular 
damage can be suspected despite the fact that the cartilage is 
not visible on CT scan images. From the position of different 
fragments, it is possible to imagine the ligaments lesions. 
The planning of reduction and osteosynthesis can be pre-
pared with these CT images.

For defining the cartilage, meniscus, ligament, and soft 
tissues damages, MRI is the best tool. In these combined 

Fig. 1 A swollen knee with 
medial skin lesions
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traumas, MRI is very useful but not always available in 
emergency. Fracture fixation is very often realized before 
the exact diagnosis of ligament injuries has been recog-
nized. Then, when MRI is discussed to improve the diagno-
sis, we must remember that with stainless steel implants, 
the images can not be interpreted which is not the case with 
titanium. The sequence of imaging has to be selected very 
carefully (Fig. 4a–c).

When vascular lesions around the knee or in the distal 
limb are suspected, an arteriography examination must be 
realized. The treatment of these lesions has the priority and 
must be discussed with the vascular surgeon (Fig. 5).

Fracture Diagnosis and Workout

With the clinical and imaging examinations completed, the 
treatment options can be discussed. Vascular injuries 
and compartment syndromes must be treated first and in 
priority. The fractures must be fixed before the ligament 
injuries. The strategy of osteosynthesis and the choice of 
implants play a role when ligament reconstructions are 
considered later. The presence of hardware in certain areas 
may lead to the impossibility to repair the ligaments. It is 
therefore important to plan all treatment sequences from 
the first step (Fig. 6).

Fig. 2 AP view of a right knee 
showing the lateral epiphyseal 
fragment avulsed from the tibial 
plateau

Fig. 3 AP view of a right knee showing an avulsion-fracture of the 
fibular head, called the arcuate sign
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Repeat Laxity and Meniscal Evaluation 
After Fracture Fixation

At the end of the fracture osteosynthesis step, a careful 
clinical examination has to be performed. Clinical tests are 
repeated for anteroposterior and mediolateral laxity evalua-
tion. Some acute ligament repair can be performed at the 
same time but are limited to sutures and reinsertions. Medial 
and lateral collateral ligaments heal better if repaired in 
emergency. Some PCL lesions can also be sutured.

Complex ligament reconstructions with autografts or 
allografts are reserved for second stage procedures.

Stress radiography and magnetic resonance imaging 
(MRI) are helpful to identify and document some liga-
ment insufficiencies. Different methods and tools can be 

used to measure the laxity like KT1000 and Telos devices 
(Fig. 7).

Ligament and Meniscus Repair

Ligament reconstructions should be planned for a second 
stage surgery. The position of the hardware requires some-
times partial removal to leave enough room for ligament 
reconstruction. In these cases, one must wait until fracture 
consolidation is acquired before considering ligament 
surgery.

Meniscal lesions should be diagnosed and repaired during 
the first operation because sutures and reinsertions have a 
better healing prognosis when performed early.

a b

c

Fig. 4 Comminuted fracture of 
the lateral tibial plateau and 
fibular head. (a) Lateral x-ray 
view (b) AP x-ray view 
(c) transverse CT view
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Fig. 5 Arterial stop following a knee dislocation

Fig. 6 After fracture fixation, 
LCL, postero-lateral corner and 
PCL have to be repaired

Discussion

High energy trauma occurs frequently in sports activities and 
traffic accidents. The knee joint is exposed to combined 
lesions where fractures, ligaments, and menisci may be asso-
ciated. When bone lesions are easily diagnosed, it is more 
difficult to identify ligaments and menisci injuries. In many 
cases, these lesions are only diagnosed when the fractures 
have been fixed, which allows a more precise examination of 
the knee joint. We recommend repeating the ligament and 
menisci tests after completing the fractures fixation step.

When it seems logical to treat the fractures as soon as 
possible, there are different opinions concerning the liga-
ment therapeutic approach. Sutures and reinsertions of col-
lateral medial, collateral and lateral ligaments and of the 
posterior corners lesions have a better prognosis if they are 
realized in emergency or in the days following the accident. 
Some PCL ruptures may be repaired with reinsertion sutures 
when secondary ACL reconstruction is the best solution.

The menisci injuries are often neglected in these com-
bined lesions. When early recognized, a meniscus peripheral 
desinsertion or a meniscus dislocation has a good healing 
prognosis.

When a combined knee lesion is suspected, the following 
algorithm has to be followed:

1. Clinical examination, laxity, and meniscal evaluation
2. Imaging examination (x-ray, CT scan, and MRI)
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3. Fracture diagnosis and workout
4. Repeat laxity and meniscal evaluation after fracture fixation
5. Ligament and meniscus repair
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How to Manage Anteromedial  
Knee Instabilities

Gian Luigi Canata 

Introduction

The goal in knee ligament injuries is the restoration of anat-
omy and stability. Instability leads to a damage of the sec-
ondary structures: cartilage and menisci. The anterior cruciate 
ligament (ACL) is a primary knee stabilizer and many tech-
niques have been developed in order to repair ACL lesions. 
In some cases the medial side is involved determining an 
anteromedial instability. There are dynamic and static medial 
compartment stabilizers. Dynamic stabilizers are pes anseri-
nus (sartorius, gracilis, and semitendinosus), semimembra-
nosus, and vastus obliquus medialis. Static stabilizer is the 
capsuloligamentous complex: medial collateral ligament 
(MCL) and posterior oblique ligament (POL). MCL is the 
primary stabilizer against valgus stress with a different action 
in the arc of movement: 25° knee flexion: 78% restraining 
force against valgus stress; 5° knee flexion: 57%. In exten-
sion: ACL and POL are important restraints [3]. ACL is a 
primary stabilizer and represents 21% resistance to valgus 
stress. Integrity of the posteromedial corner is important.  
A synergistic action of posterior medial complex and ACL is 
well known [6]. Acute MCL lesions usually heal without 
surgery and best results are seen with early range of motion 
and no repair [8]. In Grade III MCL injuries, there is a high 
frequency of associated ACL injury [1]. Controversies still 
exist in the management of acute combined ACL and MCL 
injuries; according to some authors ACL reconstruction is 
sufficient to restore the knee stability [5, 7] whereas some 
others advocate a repair of both ACL and MCL [1, 2]. The 
current trend consists in a less aggressive treatment of the 
medial laxity with a great effort to improve ACL reconstruc-
tion. Vigorous competitive sports need medial stability and 
medial laxity implies a larger load on ACL in chronic antero-
medial instability. Residual laxities remain when ACL recon-
struction is performed in patients with combined ACL and 
MCL lesions, and raise the question of addressing the MCL 
ligament when Grade II laxity is found [9]. Many surgical 
techniques are described: reattachment, reefing, advance-
ment, augmentation, dynamic transfers with satisfactory 
results in 70–82% [2, 4]. In 1983, Werner Muller found that 
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anatomical repair is better than the pes plasty and stressed on 
the importance of the dynamic medial stabilizers [6]. We 
developed a mini-invasive medial ligamentous plasty that 
can be associated to ACL repair when medial compartment 
is still lax after ACL fixation.

Material

Twenty-six sportsmen: 20 males, 6 females, mean age 31, 6 
(13–56); Time injury–surgery: 28, 32 m. ACL lesion was 
associated with Grade II–III medial lesions. Lachman, Jerk, 
valgus stress, and external rotation drawer tests were positive 
before surgery.

Technique

Arthroscopic ACL reconstruction with patellar tendon 
(BPTB).

Medial ligament plasty: short longitudinal incision over 
the medial femoral epicondyle. Incision of the retinacu-
lum exposing the medial ligaments and their insertion to 
the medial epicondyle. Medial ligaments plasty is per-
formed with stitches up to the femoral epicondyle restor-
ing MCL and POL tension (Figs. 1–4). Same ACL 
rehabilitation.

Results

Results evaluated with IKDC 2000 mean follow-up 
38 months (12–83) Subjective: mean 93, 4 (100–88, 6). 
Objective: A: 21; B: 5; C: 0; D: 0. Resumption of sports 
activity as before in 24 out of 26. Two cases did not resume 
the previous sports for other reasons. Tegner before 7.27 
(6–9); after 7.10 (4–9).Fig. 1 Laxity of the medial compartment

Fig. 2 Sutures with nonabsorbable material are made

Fig. 3 The lax medial tissue is tightened up to the epicondyle



How to Manage Anteromedial Knee Instabilities  545

Discussion

ACL reconstruction alone may not be enough in combined 
anteromedial laxities. Medial ligamentous plasty reduces 
stress on reconstructed ACL. BPTB is preferred to save the 
medial active restraints. Stability can be regained with an 
anatomic repair without pes plasty. Satisfactory results and 
high patient satisfaction can be achieved with an anatomic 
tissue sparing technique. More invasive surgery was avoided. 
There was no change in postoperatory rehabilitation. The 
medial side should not be overlooked in chronic combined 
anteromedial instabilities.
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Reconstruction of the Posterolateral  
Corner of the Knee

Reha N. Tando an and Asım Kayaalp 

Interest in the anatomy, injury mechanism, and treatment of 
the posterolateral corner injuries of the knee has expanded in 
recent years due to increased awareness of these injuries and 
unsatisfactory results of conservative treatment.

Although the iliotibial band and biceps tendon have small 
contributions, the main posterolateral stabilizers of the knee 
are the lateral collateral ligament (LCL), popliteus tendon 
(PT), and the popliteo-fibular ligament (PFL) [24]. LCL acts 
as the primary varus stabilizer while the popliteo-fibuler lig-
ament limits external rotation of the knee [14]. The postero-
lateral structures also function secondarily as posterior 
restraints in extension.

Low energy injuries of the posterolateral corner (PLC) are 
not common in sports Most cases are due to high energy 
injuries such as motor vehicle accidents, earthquakes, and 
industrial accidents.

Acute Injuries

Isolated PLC injuries are rare and most of them are a part of 
multiligament injuries. Associated injuries include damage 
to the posterior cruciate ligament (PCL) and anterior cruciate 
ligament (ACL), meniscal injuries, medial tibial plateau 
fractures, impression fractures of the medial femoral con-
dyle, patellar tendon ruptures, and patellar dislocations.

The risk of vascular injuries increases with the energy of 
trauma from 4% to 30% [5]. The injury may range from 
intimal damage of the popliteal artery to complete occlu-
sion, aneurysm, rupture or A–V fistula. If vascular injury is 
present, emergency revascularization and temporary stabili-
zation with a spanning external fixator is recommended. 
Prophylactic fasciotomy may be necessary in late cases. 
Elective reconstructive ligamentous surgery is performed at 
10–12 days after revascularization. Reconstruction should 
be delayed until closure of fasciotomy wounds.

The incidence of peroneal nerve injury has been reported 
to be 16–50% [5, 19]. This injury may range from simple 
paresthesias to complete sensory and motor deficits and full 
recovery may not be possible even if nerve continuity is 
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present. Niall has reported on 55 patients with multiligament 
injuries [19]. The peroneal nerve palsy fully recovered in 
21% of the cases between 6 and 18 months. Partial recovery 
was seen in 29% while no recovery was evident in 50% of 
the cases. Tendon transfers should be considered in cases 
without any sign of recovery after 6–8 months.

Imaging Studies

X-rays of the knee might reveal a frank knee dislocation; 
however the knee usually reduces spontaneously. Avulsion 
fractures form the fibular head and Segond fractures (avul-
sion of the antero-lateral capsule from the tibia) are more 
common. Tibial rim fractures may be observed in high energy 
injuries [12]. Magnetic resonance imaging (MRI) gives 
detailed information on ligaments and menisci, capsular 
structures, tendons around the knee and occult fractures and 
is essential for surgical planning (Fig. 1) [15].

Acute Treatment

Acute treatment consists of pain management, use of an 
immobilizer for reduction of swelling, monitoring for vas-
cular injury and compartment syndrome. Associated inju-
ries of thorax abdomen and extremities are treated at this 
time. A spanning external fixator may be necessary in cases 
which the knee is unstable in an immobilizer. Cruciate liga-
ment surgery should not be performed concomitantly with 
vascular surgery. However, simple suturing of the capsule 
and collaterals can be done at the time of vascular repair to 

increase knee stability. A decision should be made in the 
first 2 weeks for definitive treatment of ligament injury. 
Ligament surgery should be delayed until closure of open 
wounds or fasciotomy incisions.

Conservative Treatment

Isolated grade 1–2 injuries (which are rarely seen) of the 
posterolateral corner can be treated conservatively. Only two 
series have been published in the literature and advise 
3 weeks of bracing followed by a rehabilitation program 
[6, 16]. Before embarking on conservative treatment the sur-
geon should make sure that the cruciate ligaments are intact. 
One should also keep in mind that unrecognized PLC inju-
ries are one of the causes of failure of ACL reconstructions.

Surgical Treatment

Isolated grade 3 injuries of the PLC and PLC injury com-
bined with cruciate ligament injury should be treated surgi-
cally [6]. Unlike the medial side, spontaneous healing of the 
PLC is not possible due to the convex morphology of the 
tibial plateau and natural varus alignment. The current state 
of the art for combined PLC-cruciate injuries is primary 
repair for collaterals and capsule with reconstruction of the 
cruciate ligaments in the first 3 weeks following injury. All 
components of the injury should be addressed in the same 
surgical setting. Staged surgery or correction of only one 
component of the injury should be avoided as this places 
abnormal loads on the reconstructed ligaments leading to 

Fig. 1 Coronal MR images of a patient with avulsion of the lateral collateral ligament (LCL) and popliteus from the femoral side
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failure [7]. Conservative treatment followed by reconstruc-
tion is also inappropriate as it is impossible to identify and 
repair anatomical structures in chronic cases and results of 
primary repair are better than chronic reconstruction.

Preoperative Planning

A meticulous preoperative plan should be made concern-
ing the placement of incisions, available graft options, and 
implants. MRI is helpful in determining the optimum inci-
sions so that excessive dissection leading to skin break-
down or arthrofibrosis can be avoided. Allografts are an 
important alternative to autografts as they are unlimited in 
size and number and avoid further injury to an already 
traumatized knee. Achilles tendon with bone block or tibi-
alis anterior tendon allografts is the most widely used. The 
contralateral knee should be considered in cases where 
allografts are unavailable. A variety of implants (suture 
anchors, bioscrews, ligament washers, button implants, 
and staples) and instrumentation should be available dur-
ing surgery.

Arthroscopy and Cruciate Reconstruction

Arthroscopy with gravity inflow can usually be performed 
after 7–10 days after injury as capsular sealing occurs. 
Arthroscopy gives valuable information on the status of 
cruciate ligaments, opening of the lateral compartment, 
peripheral tears of the lateral meniscus, avulsion of popli-
teus tendon, and fractures and chondral injuries in the 
medial compartment. If there is no serious fluid extravasa-
tion, the cruciate ligaments should be reconstructed first 
and the knee brought to its anatomical position. Single-
bundle allograft reconstruction of the ACL and/or PCL is 
preferred. After the cruciate grafts have been tensioned 
and fixed, surgery proceeds with open exploration of the 
lateral side.

Lateral Exploration and Repair

A curved incision that passes over the lateral epicondyle and 
fibular head is utilized. The peroneal nerve is isolated and pro-
tected. Once the subcutaneous tissues have been passed, the 
injury is evident through tissue planes and is followed to the 
joint. The iliotibial band, LCL, popliteus, menisci, coronary 
ligaments, posterolateral capsule, lateral head of gastrocnemius, 
and biceps insertion are explored. Repairable avulsions of the 

lateral collateral ligament have been reported up to 84% in mul-
tiligamentous knee injuries and should be fixed (Fig. 2) [17].

Bone avulsions can be fixed internally with screws. 
Ligaments peeled off from their insertions should be repaired 
with suture anchors. Mid-substance ligament injuries are 
repaired with nonabsorbable number 2 sutures. Fixation 
angle for LCL is 30° flexion during valgus load. Fixation 
angle for popliteus is 60° of flexion during internal rotation 
load. Every effort should be made to preserve the lateral 
meniscus (Fig. 3). Almost one-third of PLC injuries have 
anteromedial tibial rim fractures [12]. These fractures are 
suggestive of PLC injury if seen on x-rays and are very 
important for knee stability. These should also be fixed inter-
nally (Fig. 4).

If extensive damage to capsuloligamentous tissues pre-
cluding primary repair is present, primary reconstruc - 
tion should be considered. Stannard et al. have reported on 
64 knees with posterolateral corner injuries with 24–59 months 
follow-up. Primary repair was unsuccessful in 37% of the 
cases while primary reconstruction failed in only 9% [8]. 
They advocated reconstruction rather than repair in the 
majority of patients who sustained posterolateral corner tears 
after high-energy injuries.

Chronic Posterolateral Corner Injuries

Patients with chronic PLC injuries may present with a myr-
iad of symptoms. Posterolateral pain or pain in the medial 
and patellofemoral compartments due to overload may be 
the chief complaint. Instability in descending stairs or cut-
ting movements may occur. Symptoms due to chronic per-
oneal nerve irritation may be present. Some patients assume 
a semiflexed gait to avoid knee hyperextension.

Posterolateral drawer test, varus stress test, and dial tests 
are positive and form the mainstay of the diagnosis [9, 13]. 
The posterolateral drawer test in performed with the knee in 
70° of flexion. Abnormal displacement of the tibia is elicited 
when the tibia is rotated externally in addition to a posteri-
orly directed force. The knee reduces in anterior drawer and 
internal rotation (Fig. 5). Varus stress test is positive in 0° 
when cruciate ligament injury is present and increases in 30° 
of knee flexion. Passive external rotation of the knee more 
than 10° from the contralateral knee is considered a positive 
dial test. A positive dial test at 30° of knee flexion is indica-
tive of a PLC injury (Fig. 6). A test that is positive at 90° is a 
sign of PLC and PCL injury. External-rotation recurvatum 
test is positive when the tibia subluxates posterolaterally and 
the knee goes into hyperextension when the leg is elevated 
from the examination table by grasping the foot (Fig. 7). The 
sensory and motor status of the peroneal nerve should be 
documented.



550 R.N. Tando an and A. Kayaalp

a

b

Fig. 2 Boney avulsion of the 
LCL from the femur. (a) 
Preoperative x-ray and MRI;  
(b) intraoperative view and 
postoperative x-ray
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Preoperative Evaluation

A careful preoperative evaluation including previous surgi-
cal procedures, grafts and implants, weight-bearing long-leg 
views including the hip and ankle and MRI of the knee are 
mandatory. Varus knee alignment should be corrected prior 
to embarking on ligament reconstruction since all soft tissue 
procedures are doomed to fail and will stretch out in time in 
a varus knee. Medial opening wedge tibial osteotomy is the 
current procedure of choice. Several authors have reported 
that no further surgery will be necessary in 40% of the cases 
after osteotomy as symptoms diminish in patients after cor-
rection of varus alignment [23].

Surgical Treatment

The current state-of-the-art treatment of chronic PLC injuries is 
reconstruction of all components of the instability including the 
cruciate ligaments and PLC. Isolated procedures focusing on 
only one part of the instability are doomed to failure [4]. A vari-
ety of techniques including tenodesis, bone block advancements, 
isolated LCL reconstructions, popliteus and popliteofibuler liga-
ment reconstructions have been described for chronic PLC inju-
ries in the past [18, 22]. However, current techniques focus on 
anatomical (i.e., free tendon grafts placed at anatomical inser-
tion sites of the tissue intended for repair) reconstructions of the 
LCL, popliteus and popliteofibular ligament.

a

b

Fig. 3 Combined anterior 
cruciate ligament (ACL) and 
posterolateral corner (PLC) 
injury. (a) Intraoperative view of 
the injury during repair of the 
lateral meniscus and capsule 
with suture anchors;  
(b) postoperative x-rays
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Khanduja et al. have reported on 2–9 -year follow-up of 
19 chronic PLC reconstructions. They used a Larson type 
tenodesis for the PLC and allograft single-bundle PCL recon-
struction. They were able to restore a normal tibial step-off 
and a normal posterior drawer in only 37% of the patients. 
Seventy-four percent of their patients had no residual poste-
rolateral laxity [20].

Fanelli and Edson have reported on the use of biceps teno-
desis for PLC reconstruction in 41 patients [3]. The PCL was 
reconstructed using an Achilles tendon allograft. The tibial 
step-off was restored in 70% of the cases. At 2–10-year 
 follow-up, 98% of the patients had no residual posterolateral 
laxity. However, 71% had degenerative changes which they 
attributed to over tightening of the lateral compartment.

Fig. 4 Combined posterior 
cruciate ligament (PCL), PLC 
injury with anteromedial tibial 
rim fracture. The PCL has been 
reconstructed, PLC repaired and 
tibial rim fracture fixed with 
screws

Fig. 5 Posterolateral drawer test. Note posterolateral sag of the tibia with posterior drawer and external rotation
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Noyes and Barber Westin have reported on the results of 
13 patients (14 knees) undergoing bone-patellar tendon-
bone (BPTB) graft reconstruction of the LCL [11]. The 
popliteus was advanced if found lax during surgery. At 
2–13-year follow-up, 13 of the 14 (93%) reconstructions 
restored normal or nearly normal lateral joint opening and 
external tibial rotation and 1 failed.

Stannard et al. have used a two tailed Achilles allograft to 
reconstruct the LCL and popliteofibular ligament with a sin-
gle femoral insertion site [21]. Twenty-two patients were fol-
lowed for 29 months and a 91% success rate was noted.

The results of previous techniques are difficult to interpret 
and compare due to the complexity and variety of injury pat-
terns and surgical treatments. However, Noyes et al. have 
analyzed the cause of failure in 57 patients treated for PLC 
injury [10]. The most common factors were nonanatomical 
graft reconstruction (23 knees), untreated varus malalign-
ment (10 knees), and failure to successfully reconstruct all 
ruptured knee ligaments, including cruciates (27 knees).

LaPrade et al have described an anatomical reconstruc-
tion technique that addresses the three main components of 
the injury, namely, the LCL, popliteus and popliteofibuler 
ligament [14]. Two grafts with two separate insertion sites in 
the femur are used to reconstruct the popliteus and LCL. 
Grafts placed in separate tibial and fibular tunnels mimic the 
functions of LCL, popliteus and popliteo-fibular ligament. 
Although published reports have been technical notes [2], 
we feel that this technique is ideally suited for the recon-
struction of chronic PLC injuries. Our initial experience in 
16 patients is very promising and the results are being evalu-
ated as a part of a prospective study. Two tibialis anterior 
allografts are fixed with biodegradable screws 1 mm larger 
than tunnels. The LCL is tensioned at 30° and the popliteus 
complex at 60° of flexion and internal rotation (Fig. 8). 

Fig. 6 Dial test at 30° of knee flexion. Note increased external rotation 
of the tibia compared to the contralateral knee

Fig. 7 External rotation recurvatum test. The leg is lifted from the table 
by holding from the first toe. The knee goes into hyperextension and the 
tibia sags posterolaterally

Fig. 8 Intraoperative view of PLC reconstruction using the LaPrade technique. K-wires mark the femoral insertion sites of LCL and popliteus
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Rehabilitation is slow and gentle with minimum 3 weeks 
immobilization followed by prone flexion exercises in 
3 weeks. The patients use a knee brace for 2 months. Sports 
and strenuous activities are not allowed before 1 year.

Yoon et al. have reported on the 22 -months follow-up 
of 21 cases using an anatomical reconstruction of LCL, 
PFL, and popliteus. Twenty of the patients had a normal 
or nearly normal knee according to the International Knee 
Documentation Committee (IKDC) score, with 86% of the 
cases having less than 5 mm varus laxity [25].

Our surgical experience in PLC injuries encompasses 
64 patients. Only seven of these patients had isolated grade 
3 injuries. The rest are combined injuries with PCL (12), 
ACL (20), bi-cruciate (18), and total knee dislocations (7). 
Acute surgery was performed in 26 cases while 38 were 
chronic cases. All components of the injury were treated in 
the same surgical intervention. This consisted of reconstruc-
tion of the cruciates with primary repair of the PLC in acute 
cases. Reconstruction of all injured ligaments with allografts 
was utilized for chronic cases. Two cases required an osteot-
omy before ligament reconstruction. The results are difficult 
to standardize because of the variety of injury patterns and 
reconstruction techniques used. However, several conclu-
sions can be made. Acute surgery leads to better results com-
pared to chronic reconstructions. At least one (+) residual 
laxity is inevitable in nonanatomical repairs. The results of 
evolving anatomical repairs are promising. Fixed posterior 
dislocations are difficult to treat and lead to inferior results.
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Future Perspectives on Knee Ligament Surgery

Kenneth D. Illingworth, Motoko Miyawaki, Volker Musahl,  
and Freddie H. Fu 

Introduction

Professional athletes, amateurs, and recreational athletes 
continue to participate in sports and sports-related activities. 
Everyday, people realize the benefit of an active lifestyle and 
possible disease prevention through sports. Knee ligament 
injuries can range in treatment from conservative manage-
ment in the setting of sprains to medical emergencies in the 
setting of knee dislocations. Treatment for injuries such as 
minor knee sprains and knee dislocations can be either con-
servative or a medical emergency requiring immediate surgi-
cal intervention. This chapter focuses on the current state of 
knee ligament injuries and discusses what the future holds 
for the treatment of these conditions.

Cruciate Ligaments

Despite widespread research in the area of anterior cruciate 
ligament (ACL) and posterior cruciate ligament (PCL) recon-
struction, many controversies remain. Current debate exists 
between autograft and allograft [6]; optimum allograft steril-
ization and processing [6, 16]; location of tibial and femoral 
tunnel placement [8, 18, 20]; single bundle (SB) and double 
bundle (DB) ACL technique [8, 19, 36]; transtibial and medial 
portal femoral tunnel drilling [2, 29]; “inlay” technique versus 
the transtibial approach to PCL reconstruction [25, 33]; fixation 
methods; and postoperative rehabilitation protocols. Anatomic 
ACL reconstruction is receiving increased attention. Current 
research hypothesizes that reconstruction of the native anatomy 
with respect to graft size, tunnel location, tunnel shape, tension-
ing patterns, and collagen orientation results in restoring normal 
knee kinematics and the prevention of knee osteoarthritis. Indi-
vidualizing the surgery to the native anatomy with respect to 
technique, graft, and graft size of the patient is the future of cru-
ciate ligament reconstruction, and it should be the goal of all 
ligament reconstructions in the knee. The goal of cruciate recon-
struction should be the restoration of 80–90% of the native 
insertion sites regardless of surgical technique (Fig. 1) with 
emphasis placed on individualized surgery for each patient.
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In order to accomplish this individualized restoration, 
special attention must be placed on the footprints of the cru-
ciate ligaments and therefore several factors must be consid-
ered. First, the accurate visualization of the footprints is 
essential and therefore a portal configuration that allows for 
complete visualization of the footprint is ideal. The three-
portal technique has been used for anatomic ACL recon-
struction with great success. Second, preservation and 
restoration of the native footprint must be obtained, and 
therefore procedures such as a notchplasty should be avoided 
so as to not disrupt the native knee morphology.

In order to successfully perform an anatomic reconstruc-
tion, it is crucial to understand the native anatomy and the DB 
concept of both ACL and PCL reconstruction. With a com-
prehensive knowledge of the DB anatomy, as it relates to bony 
landmarks and insertion sites, the surgeon will be confident in 
placing the reconstruction in the correct anatomic location. 
Correct placement should be the focus of the surgeon over 
debates in graft choice as recent systematic reviews have 
shown that there is no clinical outcome difference between 
autograft and allograft in ACL reconstruction [6, 31].

SB and DB ACL reconstructions have been a recent topic of 
debate. DB ACL reconstructions have been proposed as a more 
anatomic reconstruction to SB as this restores both the native 
anteromedial (AM) and posterolateral (PL) bundles of the 
ACL. The literature has shown that traditional SB reconstruc-
tions, which are most often placed nonanatomic, do not restore 
rotational stability during running [35]. The hypothesis is that 
the PL bundle offers more control of knee rotation, and there-
fore SB reconstructions allows for abnormal amounts of rota-
tion. The native size of the ACL also plays a role in surgical 
management. Patients with a small ACL may only require a SB 
ACL to achieve the desired 80–90% of the insertion site size, 
while patients with a large ACL will benefit from a DB ACL as 
a SB will not allow for this insertion site size restoration.

The natural history of an ACL deficient knee is chondral 
degeneration, with progression to osteoarthritic changes 

[12], while recent randomized control trials have shown 
radiographic signs of osteoarthrosis (OA) in up to 70% of 
patients after ACL reconstruction [1]. The natural history of 
a grade III PCL injury has been shown to result in medial and 
patellofemoral compartment chondrosis and degeneration 
[17, 34]. In order to counteract this progression of OA in 
cruciate ligament deficient knees and reconstructions, per-
forming an anatomic cruciate reconstruction to obtain the 
restoration of normal knee kinematics is hypothesized to be 
the most important factor in long-term outcomes and the 
preservation of long-term knee health.

Medial Collateral Ligament

The medial collateral ligament (MCL) is the injured liga-
ment that is least likely to require surgical intervention. 
Studies have shown that the MCL has excellent healing 
potential [13, 14]. Primary repair of high grade MCL tears is 
the most effective treatment and therefore reconstructions 
are not as commonly performed. DB MCL reconstruction 
has been suggested and was shown to have increased stabil-
ity when compared to SB MCL reconstruction [11]. Accurate 
diagnosis of MCL injuries in combination with other liga-
mentous injuries is important. The future of MCL treatment 
lies in trying to decrease the healing time in order to allow 
athletes to return to their activity levels faster. Biological aids 
to healing are currently being investigated in MCL injuries, 
such as platelet-rich plasma (PRP) and growth factors.

Posterolateral Corner

The structures of the posterolateral corner (PLC) are the 
lateral collateral ligament (varus stability), the popli teus 
tendon (rotational stability), and the popliteofibular 

PL
AM

80-90% DB

90°

b

80-90% SB

SB

a

90°

Fig. 1 Three-dimensional 
computed tomography (3D CT) 
of femoral insertion site of the 
anterior cruciate ligament (ACL) 
demonstrating the restoration of 
80–90% of native insertion site 
in single bundle (SB) and double 
bundle (DB) reconstructions



Future Perspectives on Knee Ligament Surgery 557

ligament (rotational stability). The PLC is commonly 
injured concomitantly with other ligamentous injuries, 
especially the ACL [23]. The deficient PLC has been 
shown to be a primary cause of failed cruciate reconstruc-
tion surgery, as it allows excessive stress on the recon-
structed grafts [17, 23]. Accurate diagnosis and treatment 
of these injuries requires expertise and skill by the exam-
iner. Tools such as arthrometers, computer navigation, or 
ultrasound can aid in the diagnosis [27, 32]. Anatomic 
PLC has been shown biomechanically to be superior [22]. 
Anatomic PLC reconstruction has also shown to lead to 
improved clinical outcomes in mid-term follow-ups [21]. 
As with cruciate ligament reconstructions, anatomic 
reconstructions have been hypothesized to better restore 
normal knee kinematics and promote long-term knee 
health.

Graft Choices

Currently, there are a large number of graft choices, which 
include bone-patellar tendon bone (BPTB), hamstring, 
quadriceps autografts, and allografts. The ideal graft choice, 
for all areas of sports medicine involving reconstruction of 
ligaments, would reproduce insertion sites and biomechan-
ics, provide biological incorporation, and resume neuromus-
cular control. Currently, we do not have this “perfect” graft 
and therefore more focus has been shifted to proper ana-
tomic placement. Focus should be on individualized graft 
choice to each patient. With pros and cons of each graft, sur-
geons should be comfortably utilizing all current graft meth-
ods in order to best suit each patient. For example, the 
quadriceps autograft offers a much larger graft size than a 
BPTB autograft and therefore the quadriceps autograft will 
more likely restore 80–90% of the native insertion sites in 
patients with a large ACL. Smaller insertion sites often 
can achieve this 80–90% with a variety of graft choices. 
This type of individualizing is critical in knee ligament 
reconstruction.

Biologics

Biologic augmentation methods hold promise in the future 
of knee ligament surgery because of the opportunity to har-
ness the body’s own complex healing pathways. Emergent 
technologies target the activation of signal pathways that 
induce healing in the form of osteoinduction, angiogenesis, 
and stem-cell related migration and proliferation, which 
includes the research into tendon-derived stem cells. The 
global orthobiologics market was estimated by Espicom to 
be worth $4.2 billion in 2007 and accounted for 13% of the 
$33 billion total orthopedic market. With an annual growth 
rate of 17%, orthobiologics is the fastest growing orthopedic 
segment.

Platelet-Derived Therapies

Platelet-derived therapy is one area of the biological 
enhancement in knee surgery that has recently garnered the 
most attention. With high profile athletes receiving PRP, 
the public demand for such treatments has expanded expo-
nentially. Currently, PRP and platelet-derived therapies are 
being used for all forms of knee ligament injuries, from 
non-operative strains to intraoperative reconstructions. The 
platelet has been shown to represent an effective carrier for 
the biologic delivery of growth factors to promote healing. 
The theory of using platelets to enhance healing has been 
used in orthopedics for decades in the form of fibrin clots. 
Fibrin clots have been used to aid in healing of meniscal 
tears with success since its use was first described in 1988 
[4]. It has recently been hypothesized that fibrin clots might 
also provide an aid in bone tendon healing and may have a 
role in advanced healing during ACL reconstruction 
(Fig. 2). PRP has gained recent attention as a potentially 
more effective vehicle to accelerate healing as it is hypoth-
esized to offer supraphysiological levels of growth factors 
[24]. One of the many questions that have yet to be answered 
is what the best delivery method for platelet therapies is? 

a b

Fig. 2 (a) Knee ligament graft 
prepared with a fibrin clot. 
(b) Fibrin clot is placed between 
the anteromedial (AM) and 
posterolateral (PL) bundle of a 
double bundle (DB) anterior 
cruciate ligament (ACL) 
reconstruction to aid in healing
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It has been shown that activated platelets release all of their 
growth factors within 1 h. The natural healing process of 
reconstructed ligaments requires time, and therefore scaf-
folds have been proposed to prolong the growth factor 
effects over time. Current scaffolds in the knee include 
bovine collagen scaffolds, PRP-infused fibrin matrices, and 
simple fibrin clots. A current drawback to the use of PRP is 
its limited basic science research and cost. Further research 
is necessary to evaluate ideal levels of platelet activation, 
ideal growth factor titers, and optimal delivery methods, 
making the product more cost-effective for regular use, as 
well as clinical studies that effectively evaluate these 
therapies.

Stem Cells

The final frontier of tissue engineering is the use of stem 
cells and the induction of progenitor cell differentiation into 
the specific tissue. Adult stem cells have been found to derive 
from a variety of tissues including adipose [37], periosteum 
[26], synovial membrane [9], pericytes [10], blood [38], 
bone marrow [28], and skeletal muscle [15, 30]. While most 
of the current research in stem cells is in its early stages, 
clinical studies have found good results in applications such 
as bone tunnel healing in ACL surgery. Recently, stems cells 
were found to be present in tendons as tendon derived stem 
cells. Along with tendons, stem cells were found to be pres-
ent in the ACL in an ongoing study, located in the septum 
between the AM and the PL (Fig. 3). These stem cells can 
potentially improve ligament healing if a method can be 

developed to isolate and cultivate their potential. The ques-
tion moving forward will be how to harness the potential of 
these stem cells in order to better improve knee ligament 
reconstructions and ultimately better serve our active patient 
population?

Imaging

The use of high resolution magnetic resonance imaging 
(MRI) continues to be the primary means by which imag-
ing aids in the diagnosis of knee ligament-related injuries. 
Significant advances have been made to use MRI as a kine-
matic and dynamic tool to study ligament injuries in the 
knee. 3D MRI has been developed in order to better visual-
ize the relation of soft tissue to bony morphology. The use 
of 3D MRI will soon be common place in both preoperative 
identification of ligament tears and postoperative evalua-
tion of ligament placement as it relates to the bony mor-
phology. The use of imaging in assessing cartilage will also 
be critical in the future of knee ligament surgeries. Multi-
parametric quantitative MRI, such as T2 mapping, can 
 provide quantitative information about articular cartilage 
structure and biochemical integrity. T2 measurements are 
generally thought to be dependent on collagen concentra-
tion, collagen orientation, and tissue hydration. Optical 
coherence tomography (OCT) [7] is a nondestructive novel 
imaging technology that can generate microscopic resolu-
tion cross-sectional images of articular cartilage in almost 
real time. OCT and T2 mapping are emerging technologies 
that are attempting to detect early reversible articular carti-
lage damage [5].

The continued goal of basic science, radiographic, and 
clinical research in the field of cartilage is to help identify the 
etiology of cartilage loss, improve early visualization of 
 cartilage damage, and devise effective means to restore lost 
cartilage to prevent and treat osteoarthritis. As has been dis-
cussed, the long-term knee health after ligament reconstruc-
tions often leads to the progression of osteoarthritis and 
therefore these methodologies to assess cartilage are crucial 
in the future of knee ligament surgery.

Three-dimensional computed tomography (3D CT) is a 
useful tool in knee ligament surgery as it can serve as a guide 
for bony landmarks and anatomic variation. Currently, 3D 
CT is the gold standard for evaluation of tunnel placement 
after knee ligament reconstruction (Fig. 4). These scans 
allow for the critical evaluation of ligament reconstructions 
and can serve as teaching aids for further improvement of the 
anatomic method and surgical technique. 3D CT will con-
tinue to gain increased use until 3D MRI capabilities become 
commonplace.

Fig. 3 The edge of a ruptured anterior cruciate ligament (ACL) is 
shown after immunohistochemistry. CD34 positive cells (red) located 
in arterioles (green) were abundantly found indicating the presence of 
hematopoietic stem cells
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DSX: Dynamic Stereo X-Ray

Dynamic stereo x-ray imaging (DSX) uses high speed 
 bi-planar fluorography radiographs combined with 3D bone 
models by MRI and/or CT scan in order to dynamically ana-
lyze joint movement and kinematics. DSX has allowed for 
assessing dynamic and functional loading of the knee joint in 
assessing both normal knee kinematics and kinematics of 
ligament reconstructed knees. For example, this technology 
has allowed for the determination of contact paths of in vivo 
joint kinematics along with determining cartilage thickness 
[3, 35] (Fig. 5). This technology is being used to study 
tibiofemoral contact patterns in lateral meniscus tears, con-
tact paths in PCL deficient knees, DB versus SB ACL recon-
struction kinematics, joint contact area, tibiofemoral joint 
congruency after medial meniscal root tears, and can be 
applied to many other situations. The ability to measure 

in vivo kinematics will allow us to better evaluate reconstruc-
tion techniques and allow for a more precise evaluation of 
short- and long-term outcomes as well as develop improved 
treatments for restoring dynamic function and preserving 
joint health. Methods that allow for precise analysis of knee 
kinematics, such as DSX, will be the future gold standard for 
evaluating knee ligament surgeries.

Summary

The goal of knee ligament treatment should be the restora-
tion of short-term knee health, including regaining stability 
and return to play, with an increased emphasis on long-term 
knee health as it relates to both delaying progression of 
knee osteoarthritis and maintaining stability and function. 
This needs to be accomplished through anatomic ligament 

a bFig. 4 Three-dimensional 
computed tomography (3D CT) 
showing (a) location of anatomic 
footprint of the ACL on the 
femur with bony ridges  
(b) and its use in evaluating 
tunnel position

a

b

c

Fig. 5 (a) Three-dimensional 
computed tomography (3D CT) 
of anatomic double bundle (DB) 
reconstruction and (b) radio-
graphic images from high-speed 
fluorography are used in 
dynamic stereo x-ray imaging 
(DSX) for kinematic evaluation 
of the knee (c) showing joint 
contact path and the distance of 
the joint surface as it relates to 
the femur and tibia in anatomic 
DB anterior cruciate ligament 
(ACL) reconstruction
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reconstructions with restoration of normal knee kinematics. 
As we move forward, critical analysis of our reconstruction 
techniques using methods that allow for accurate analysis of 
knee kinematics, such as DSX, will allow us to determine 
which techniques and procedures best serve our patients. 
Along with the need for more critical evaluation techniques, 
the use of biologics and methods to increase healing of liga-
ment injuries and reconstructions will continue to grow and 
ultimately lead to superior healing technologies and the pos-
sible regeneration of native ligaments.
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Patellofemoral Pain Syndrome

Sinan Karao lu, Volkan Aygül, and Zafer Karagöz 

Introduction

Patellofemoral pain syndrome (PFPS) is frequently seen in 
young adults and is the most prevalent disorder involving the 
knee [1, 6, 9, 12].

PFPS is characterized by retropatellar pain and crepi-
tation during activities such as squatting, going up or down 
stairs, running, and jumping. Patellar pseudolocking, a 
snapping sensation, and stiffness of the knee also may 
occur [10].

The primary cause of PFPS is poorly understood and is 
likely multifactorial. The most commonly accepted hypoth-
esis is that of patellar maltracking. Maltracking of the patella 
can cause increased load or stress to the underlying articular 
cartilage causing it to wear and cause pain.

Although the etiology and pathogenesis of PFPS are 
poorly understood, many predisposing factors, including 
acute trauma, overuse, immobilization, excessive weight, 
genetic predisposition, malalignment of the knee-extensor 
mechanism, congenital anomalies of the patella, and pro-
longed synovitis have been proposed [6, 9, 12]. In many 
patients, however, there is no apparent reason for the symp-
toms [3, 8, 9, 23].

Once it has begun, PFPS frequently becomes chronic, 
and the pain may force the patient to limit physical activi-
ties. It has been suggested that PFPS may lead to patell-
ofemoral osteoarthritis [8, 10, 13, 23], but there is a lack of 
prospective studies with long-term follow-up and reliable 
evidence.

Diagnosis

For most patients, a careful history and physical examination 
are sufficient to make the diagnosis of PFPS [4].

For PFPS, thorough history must include type of sports 
activities, near and past injuries, the pain start suddenly or 
gradually – onset, provoking activities such as stair climbing, 
sitting, walking, running, kneeling, the exact location of the 
pain, knee giving way, knee lock or catch stories. Patients 
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with PFPS typically describe pain “behind,” “underneath,” or 
“around” the patella. The symptoms are usually of gradual 
onset, although some cases can be caused by trauma, and 
may be bilateral. Common symptoms include stiffness or 
pain, or both, on prolonged sitting with the knees flexed (the-
ater or movie sign), and pain with activities that load the 
patellofemoral joint (PFJ), such as climbing or descending 
stairs, squatting, or running. The pain can be difficult for the 
patient to localize. If asked to point to the location of pain, 
patients may place their hands over the anterior aspect of the 
knee or draw a circle with their fingers around the patella 
(the “circle sign”). The pain is usually described as “achy,” 
but it can be sharp at times [4].

Patients may complain of the knee giving way. This usu-
ally does not represent true patellar instability but rather 
transient inhibition of the quadriceps because of pain or 
deconditioning [16].

Accurate diagnosis also needs specific knowledge of the 
anatomy of PF and biomechanics and functional behavior of 
the PF joint.

Anatomical Considerations

The PFJ comprises the patella and the femoral trochlea. The 
patella acts as a lever and also increases the moment arm of 
the PFJ, the quadriceps, and patellar tendons [2]. Contact of 
the patella with the femur is initiated at 20° of flexion and 
increases with further knee flexion, reaching a maximum at 
90° [5].

Stability of the PFJ involves dynamic and static stabiliz-
ers, which control movement of the patella within the tro-
chlea, referred to as “patellar tracking.” Patellar tracking can 
be altered by imbalances in these stabilizing forces affecting 
the distribution of forces along the patellofemoral articular 
surface, the patellar and quadriceps tendons, and the adja-
cent soft tissues. Forces on the patella range from between 
one third and one half of a person’s body weight during 
walking to three times body weight during stair climbing 
and up to seven times body weight during squatting [20]. 
Abnormalities of patellar tracking must be understood to 
appreciate the possible causes of PFPS and to determine the 
focus of treatment [17].

Passive and dynamic stabilizing factors have influenced 
the position of patella in femoral sulcus; the major dynamic 
stabilizer is vastus medialis obliquus (VMO) and major liga-
mentous stabilizer is medial patellofemoral ligament 
(MPFL). Patella function as the fulcrum of a lever, maximiz-
ing flexion and extension with a given quadriceps force and 
also acts as pulley, changing direction of quadriceps force. 
Patella also absorbs PFJ reaction forces in PF joint; greatest 
facet contact with condyles occurs between 60° and 90° of 
flexion [5].

Physical Examination

The nature of injury and specific physical findings, including 
detailed examination of the retinacular structure around the 
patella, will most accurately pinpoint the specific source of 
anterior knee pain or instability.

In physical examination, some measurement must be 
done like patella length – size, leg length difference, and 
Q angle. Q Angle is measured in full extension, the normal 
values of measured angle, from ASIS to patella to tibial 
tuberosity, are lower than 13° in males and lower than 18° in 
females. With regard to knee flexion, in both gender, Q angle 
should be lower than 8°. This value is called as dynamic Q 
angle.Standard Q angle measure is normally 10° for male 
and 15° for female.

Some causes of increased Q Angle are genu valgum, high 
femoral anteversion, medial tibial torsion, laterally posi-
tioned tuberositas tibia (TT), tight lateral retinaculum, weak-
ness of vastus medialis obliquis (VMO) and Patella alta.

Tubercle-sulcus angle is also important to make a deci-
sion for treatment.

Palpation must enclose all landmarks of PF joint includ-
ing: Tibial tuberosity, patellar tendon and patella borders, 
crepitus with AROM, patellar mobility, medial and lateral 
retinaculum, infrapatellar fat pad, quadriceps tendon, distal 
IT band and Gerdy’s tubercle, medial plica.

Knee posture is also important. Valgum, varum, recurva-
tum deformities, and foot deformities must be checked. 
Examination of flexion and extension are also important for 
patellofemoral crepitus and patellar tracking. Examination 
of lateral retinaculum must be applied carefully (tenderness, 
patellar tilt, and evaluations of patellar mobility). Quadriceps 
strength and Hamstring tightness must be checked.

Various physical examination tests have been used to diag-
nose PFPS [11, 15, 22]. However, reports of their scientific 
validity are scarce. Malanga et al. [11] reviewed articles 
regarding the sensitivity and specificity of common orthope-
dic physical examination maneuvers of the knee. They 
reported that the common tests for PFPS lack sensitivity 
when correlated with pathologic operative findings [11]. Only 
one recently published study has assessed the diagnostic 
value of five physical examination tests by prospectively 
comparing patients with PFPS with control subjects [15]. The 
authors reported the vastus medialis coordination test, patel-
lar apprehension test, and eccentric step test had a positive 
ratio, indicating positive test results increased the likelihood 
of PFPS.

Vastus Medialis Coordination Test

The vastus medialis coordination test was performed and 
interpreted as described by Souza [21]. The patient lay 
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supine, and the examiner placed his/her fist under the sub-
ject’s knee and asked the patient to extend the knee slowly 
without pressing down or lifting away from the examiner’s 
fist. The patients were instructed to achieve full extension. 
The test was considered positive when a lack of coordinated 
full extension was evident, that is, when the patient either 
had difficulty smoothly accomplishing extension or recruited 
either the extensors or flexors of the hip to accomplish exten-
sion. Souza [21] suggested that a positive test may be an 
indicator of dysfunction of the VMO muscle, which may 
result in patellar pain.

Patellar Apprehension Test

The patellar apprehension test, also referred to as the 
Fairbanks apprehension test, was performed with the 
patient lying supine and relaxed [19]. The examiner used 
one hand to push the patient’s patella as lateral as possible, 
in order to obtain a lateral patellar glide. Starting with the 
knee flexed at 30°, the examiner grasped the leg at the 
ankle/heel with the other hand and performed a slow, com-
bined flexion in the knee and hip [11, 19]. This lateral glide 
was sustained throughout the test. The test was considered 
positive when it reproduced the patient’s pain or when 
apprehension was present. The apprehension can manifest 
itself in a number of ways, ranging from verbal expressions 
of anxiety over grabbing the knee to involuntary quadri-
ceps muscle contractions (to prevent further knee flexion) 
[11, 19, 21].

Eccentric Step Test

For the eccentric step test, the patients wore shorts and per-
formed the testing in bare feet. The step was made of a stool 
15 cm high, in an attempt to standardize the height of the step 
against the anthropometric differences between study par-
ticipants; on adjusting the step height to 50% of the length of 
the tibia, it was found that the eccentric step test produced 
knee pain in 57 of 77 PFPS patients (74%) [15].

Other PF Tests

Clark’s Sign

Physician must apply this test when patient is lying supine 
with the knee in 30° of flexion, places one hand on top of 
the patella and apply gentle downward pressure, ask 
patient to contract the quadriceps muscle while applying 
a downward pressure on the patella, repeats this test but 
with the knee flexed to 60°. The test is positive if the 

patient experiences patellofemoral pain and cannot hold 
the contraction. Positive test can implicate chondromala-
cia patella.

Physician must apply this test with stabilized patella 
 during active quadriceps contraction. The result is positive if 
patient has PF pain and inability to contract quadriceps 
group. Many false positive results can be found.

Patellar Glide Tests

Patient is supine and fully relaxed with the involved knee 
placed on a bolster so that it is flexed ~30° and examiner 
glides the patella medially and laterally, taking care to avoid 
tilting test assessment according to shift quantity of patella in 
both sides;

Hypomobile patella (<0.5 quadrant); hypermobile patella 
(>2 quadrants)
Lateral or medial PFJ laxity depending on which side is 
stressed
Indicates tightness of IT Band, pat. ret., capsule, VL

Patellar Tilt Test

Grasp patella with index finger and thumb and elevate lateral 
border and depress medial and tilting is 0–15° normal, over 
15 hypermobile, below 0 hypomobile patella.

Radiology

Radiographs should include a standard 30–45° axial view of 
the patellae and a precise anteroposterior (AP)/lateral radio-
graph. Radiographs can show; varus or valgus alignment, 
accessory ossification centers, osteochondral fractures, patel-
lar relationship like alta or baja.

Computed Tomography is, visually, the easiest way to 
determine tilt and subluxation. Images must be taken at 15°, 
30°, and 45° of flexion, serial images must show normal 
patellar tracking, means patella centered in the trochlea with-
out tilt at 15° of flexion. Patellar tilt angle is the angle between 
line along lateral facet of the patella and line along posterior 
condyle (normal >12°)

Magnetic Resonance Imaging also can be done to get 
information on soft tissues such as MPFL although it is less 
helpful than CT. It can also assess bone and cartilage 
lesions.

Bone Scan can be useful to detect occult fractures, pain-
ful bipartite patella, and increased uptake with patellar 
tendonitis.
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Frequent Coexistence is Mentioned  
in the Literature

Proximal Hip Weakness and PFPS

Femoral internal rotation contributes significantly to PFJ 
kinematics [18]. Females with PFPS usually have significant 
weakness in gluteus medius, gluteus maximus, and hip exter-
nal rotators. Coexistence of lumbar spine dysfunction and 
PFPS is likely in a subset of patients. Optimal performance 
of knee joint is influenced by integrity of kinetic chain [14, 
17, 18]. Lumbar spine dysfunction may compromise output 
of nearby nerve roots and lead to muscular weakness. Other 
coexistence is foot deformities and PFPS (esp. Pronated). 
Optimal performance of knee joint is influenced by foot bio-
mechanics too [18].

Treatment

Two options are (1) Nonoperative (vast majority) or (2) 
surgery.

Conservative Treatment

Conservative treatment of PFPS is effective in most patients 
and as follows:

Prone quadriceps muscle and hamstring stretches
Balanced strengthening and proprioceptive training
Hip external rotator-abductor strengthening
Evaluate feet for orthotics, consider brace for patella
Patellar mobility exercises – lateral retinaculum stretching
NSAIDS

Surgery

When surgery becomes necessary, indications must be spe-
cific. Lateral release is appropriate for patella tilt (abnormal 
rotation). Painful scar or retinaculum, neuromas, and patho-
logic plicae may require resection. Proximal patellar realign-
ment may be accomplished using arthroscopic or a combined 
arthroscopic/mini-open approach. Symptomatic articular 
lesions and more profound malalignments may require 
medial or anteromedial tibial tubercle transfer. Clinicians 
should be particularly alert for symptoms of medial sublux-
ation in postoperative patients and should use the provoca-
tive medial subluxation test followed by lateral displacement 
patellar bracing to confirm a diagnosis of medial patellar 

subluxation. This problem may be corrected in most patients 
using a lateral patellar tenodesis [7].

Current thinking emphasizes precise diagnosis, rehabili-
tation involving the entire kinetic chain, restoration of patella 
homeostasis, minimal surgical intervention, and precise indi-
cations for more definitive corrective surgery [7].

Specific indication is “must” for surgical treatment and 
options are as follows:

1. Proximal realignment
2. Distal realignment
3. Combined

Proximal realignment may be accomplished using arth-
roscopic or a combined arthroscopic/open approach.

Symptomatic articular lesions and more profound mala-
lignments may require medial or anteromedial tibial tubercle 
transfer.

Arthroscopy

 Lateral release (Caution! Lateral release alone is insufficient 
for subluxation)
VMO Plication, MPFL
Tibial tuberculoplasty
Elmslie-Trillat – medial
Maquet – anterior
Fulkerson – anterior/medial
Roux-Goldthwaite – open growth plate

Take Home Message

(1) Precise diagnosis, (2) Rehabilitation involving the entire 
kinetic chain, (3) Restoration of patella homeostasis, (4) 
Minimal surgical intervention, and precise indications for 
more definitive corrective surgery [7].
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Will Sub-classification of Patellofemoral Pain 
Improve Physiotherapy Treatment?

Michael James Callaghan 

Introduction

Although the aetiology of the patellofemoral pain syndrome 
(PFPS) remains unclear, some investigators and clinicians are 
beginning to acknowledge the existence of subgroups of 
patients with different features of the condition that may con-
tribute to the development of the disorder [14]. It is likely that 
these subgroups have distinct characteristics that will respond 
best to specific interventions [58]. It is also understood that to 
perform sub-classification, there have to be diagnostic tools 
and criteria that accurately sub-classify patients with PFPS in 
order to identify those who may respond favourably to specific 
treatments [43].

In order to ascertain the success of non-operative treat-
ments, a detailed literature search was performed between 
1950 and August 2009. The Medline, CINAHL, EMBASE, 
AMED, SportsDiscus, PEDro and Cochrane databases were 
used with the following search terms: (patellofemoral pain 
syndrome OR patella pain OR peripatellar pain OR retropa-
tellar pain OR patella OR anterior knee pain OR knee pain 
OR chondromalacia patellae OR chondropathy AND physi-
cal therapy techniques OR physiotherapy OR rehabilitation 
AND randomised controlled trials OR controlled clinical 
trial). The search revealed one systematic review of ran-
domised controlled trials (RCTs) up to the year 2000 [4]. 
Bizzini et al. [4] described a total of 20 RCTs concerned with 
the non-operative treatment of PFPS. An updated search from 
2000 to August 2009 revealed that there have since been a 
further 32 RCTs, making a total of 52 RCTs on the non-oper-
ative treatment of PFPS. Of these, only 32 out of 52 (61%) 
reported a statistically significant difference between the 
treatment groups, if the trials were comparing different treat-
ment regimes with a comparative control. When comparing to 
a placebo control group, there were more likely to be statisti-
cally significant differences. Five of the 20 successful trials 
came from a leading research group in Australia using the 
same group of subjects and two from the same group in Hong 
Kong. The active treatments used in the studies included exer-
cise programmes, joint mobilisations, muscle stimulation, 
biofeedback, orthotics, patellar taping and bracing, injections, 
electrotherapy and acupuncture.

M.J. Callaghan 
Centre for Rehabilitation Science, University of Manchester,  
Oxford Road, Manchester M13 9WL, UK 
e-mail: michael.callaghan@manchester.ac.uk
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The Hypothesis

A noticeable feature of all the RCTs performed so far was 
that although standard inclusion and exclusion criteria 
were applied in order to ensure homogeneity, there was 
no attempt to sub-classify the patients in order to identify 
patients who may respond preferentially to intervention 
strategies targeting the specific causative factor(s) of their 
PFPS. One implication of this lack of sub-classification 
is that patients with PFPS may have received a treatment 
that was inappropriate for their cause of PFPS. This may 
explain why over half the RCTs reviewed showed con-
servative treatment and/or physiotherapy in its various 
forms to be ineffective. There seem to have been only 
two out of the fifty two that applied some form of sub-
classification prior to treatment in order to exclude those 
patients for whom the treatment being studied would be 
inappropriate.

Firstly, Ng and Cheng [45] studied the effect of patellar 
taping on PFPS subjects with an EMG outcome and 
excluded subjects with foot pronation and leg length dis-
crepancies; they did not describe how these measurements 
were made. Secondly, Callaghan and Oldham [12] used a 
Kistler force plate to exclude PFPS patients with abnormal 
foot pronation (medio-lateral ground reaction forces) in 
their study on quadriceps muscle stimulation. Their aim 
was to treat those who were more likely to respond to mus-
cle stimulation instead of those who had objective evi-
dence of an abnormal gait as a possible cause for their 
PFPS.

Although both studies identified these patients, they 
excluded them from their RCT rather than treat them with 
the appropriate treatment measures (such as shoe insole or 
orthotics) to correct any abnormality. What has become clear 
is that, in the absence of a reliable and valid classification 
system for PFPS, clinicians continue to make some form of 
clinical sub-classification judgement as to what is and what 
is not worth including for clinical examination.

Previous Sub-classification Systems

There have been many attempts over the years to provide a 
system of sub-classification of PFPS. The initial attempts by 
surgeons were based on pathological changes or bony defor-
mities of the patella. Some used classification systems based 
on stages of chondral lesions of either patella or femur 
depending on pathological changes on the articular surfaces 
[2, 22, 28, 46]. This medical model, although an important 
part of medical practice for cases of genuine ‘chondromala-
cia patellae’ and articular pathology, has been less useful for 

physiotherapists and other clinicians who are unable to con-
firm such categorisations in their own clinical practice. 
Furthermore, as Lohman and Harp [42] point out, a patho-
logical diagnosis is considered largely unhelpful in estab-
lishing levels of impairment, disability and handicap, because 
PFPS has a less-obvious relationship between impairment 
and disability.

One complication of the medical model is that it is less 
likely to cater for the absence of impairment when pathologi-
cal changes or deformity are not present. The diagnosis then 
becomes vaguer with clinicians concluding from their exam-
ination that ‘the patient has PFPS’ instead of ‘the patient has 
PFPS because….’ Additionally, the medical model often 
leads to a menu-like prescriptive rehabilitation protocol 
without taking into account the minor level of impairment in 
PFPS or disability.

With these problems in mind, attempts have been made 
comparatively recently to provide some form of PFPS sub-
classification by physiotherapists.

The first was a classification system based on a series of 
known features of patellofemoral pain ranging from the sub-
tle patellar compression syndromes to the more obvious 
patella dislocation [66]. Wilk et al. [13] attempted to address 
the problem of all PFPS patients being treated with the same 
protocols even though they might have differing causes for 
their patellofemoral pain. However, they did state that future 
research should address the issues of reliability and validity 
of their system.

Lohman and Harp [12] decided against using a medical 
diagnostic model, but rather used an impairment-based cat-
egorisation system. This would categorise PFPS patients in 
one of six categories based on clusters of impairment. These 
were over-constrained patella, under-constrained patella, a 
combination of both, a normally constrained patella, an 
unspecified cause and other causations. This may reduce the 
concern of a stock rehabilitation programme being prescribed 
for all patients with PFPS.

The most recently published PFPS physiotherapy classi-
fication system was based on classifying patients into either 
muscle dysfunction (in terms of weakness, inflexibility and 
neuromuscular alteration) or malalignment of the lower 
limb or the patella [69]. Although all the clinical systems 
described above are more appropriate to physiotherapists 
and those involved with non-surgical treatment, they were 
all imposed by expert statement. The latter example was a 
consensus statement from the European Rehabilitation 
Panel [69].

If, as it is now suspected amongst expert opinion, sub-
grouping patients with PFPS may improve physiotherapy 
treatment it is worth examining the evidence that may point 
to areas where sub-classifications are already apparent. There 
are several physical and psychological features which may 
exist.
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Muscle Dysfunction

Quadriceps Weakness

Quadriceps muscle weakness has been commonly found in 
PFPS patients by many authors [8, 19, 31, 51, 59, 62, 65]. 
This has been assessed by the reliable methods of either 
isokinetic or isometric dynamometry. Consistent differences 
in the quadriceps strength do seem to exist between PFPS 
patients and healthy controls. However, whereas the exis-
tence of the weakness is beyond doubt, the conundrum still 
exists as to whether the weakness is a cause of PFPS or an 
effect of the condition. This has been addressed only rela-
tively recently by Suter et al. [57] who used oral NSAIDs to 
decrease patellofemoral pain. Despite stating that they were 
pain free after ingestion of the NSAID, the patients did 
not increase their quadriceps torque nor decrease their quad-
riceps inhibition. This would seem to suggest that the quad-
riceps dysfunction in the form of quadriceps muscle inhibition 
and weakness may play a part in the cause of PFPS rather 
than be a consequence. Recent case study observations on 
the amount of quadriceps activation in PFPS patients (Rakieh, 
Callaghan and Oldham 2007 unpublished study) noted that a 
further sub-classification of PFPS into those with and with-
out muscle inhibition may have a role in planning 
treatment.

Quadriceps Atrophy

Several reviews and descriptive articles on PFPS readily 
describe asymmetric muscle mass of the quadriceps group 
in general [33] or the vastus medialis oblique muscle 
(VMO) in particular [5, 66]. Other authors have stated that 
quadriceps atrophy is either ‘a universal accompaniment’ 
[23], ‘a consistent feature’ [27] or ‘a pertinent finding’ [16] 
in PFPS. Despite these statements, there have only ever 
been two  studies evaluating quadriceps atrophy specifically 
in PFPS using reliable and valid measures [10, 18]. Doxey 
[16] compared anterior mid-thigh girth measurements of 44 
subjects with PFPS using a static B-mode ultrasound (US) 
scanner. Significant differences were found in quadriceps 
thickness between the symptomatic and asymptomatic 
knees of 12.4% for 26 males (P = 0.0001) and 13.9% for 
18 females (P = 0.007). Careful reading of this paper reveals 
that quadriceps thickness was measured rather than a true 
cross-sectional area (CSA), and Doxey had a mixed patient 
group of traumatic or insidious onset, with 50% of his male 
patients and 39% of his female patients reported a traumatic 
cause for their pain. The second study (17 years later) 
by Callaghan and Oldham [30] also used compound BUS 

scanning. It showed that there was virtually no difference in 
the mean CSA between the affected and unaffected limb of 
PFPS patients (3.38%). When the PFPS group was analy-
sed by gender, females (n = 35) had a mean difference of 
4.61% and males (n = 22) of 1.43%. This is considerably 
less than the 12.4% for males (n = 26) and 13.9% for females 
(n = 18) reported by Doxey, although it, too, reflects slightly 
greater quadriceps atrophy for female patients with PFPS. 
Thus the common supposition of quadriceps muscles wast-
ing put forward by Doxey has not been confirmed, thus 
negating its usefulness as a diagnostic criterion between 
PFPS patients and healthy controls.

Muscle Imbalance

Most studies investigating an imbalance of the lateral and 
medial vastii have used electromyography (EMG). The three 
outcome measures for this type of investigation are: differ-
ences in onset timing [13], in the amount of activity [36] and 
in the fatigue ratios [9] of Vastus Lateralis (VL) to Vastus 
Medialis (VM) or Vastus Medialis Oblique (VMO). However, 
many studies using EMG to measure onset timing and activ-
ity have provided equivocal evidence for any imbalance 
between the VL and VM or VMO. This presents problems 
when wanting to sub-classify patients according to ‘imbal-
ance’ and demonstrates the problems facing clinicians who 
attempt to do so with inappropriate equipment. Furthermore, 
at present we have no idea of what constitutes a normative 
database, which makes judgements on what is a ‘muscle 
imbalance ratio’ difficult to achieve. The most recent pro-
spective investigation of military recruits using EMG has 
revealed that recruits who developed PFPS during their train-
ing had a timing imbalance between VMO and VL [63]. This 
was the first study to hint of muscle imbalance of the vastii 
might be a cause rather than effect of PFPS.

Hip Musculature

Recently, it has been proposed that PFPS may be the result of 
abnormal proximal joint control specifically the gluteal mus-
culature weakness.

Since 2003, there have been 13 papers providing evi-
dence, using isometric hip testing, that there is weakness of 
the hip muscles in patients with PFPS. The earliest of these 
studies was Ireland et al. [32]. The hip muscle groups in all 
these studies were tested in a variety of positions, the sample 
sizes were small and the majority of subjects tested were 
females. All but one of the studies found that patients with 
PF pain had statistically significantly weaker hip muscula-
ture than healthy controls ranging from 10% to 32%.
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A short systematic review [6] details each of the studies 
and helps to provide insight into the existence of another 
aspect of muscle dysfunction and a possible sub-
classification.

Flexibility

PFPS patients are given stretching exercises due to the com-
monly held opinion that muscle tightness is associated with 
PFPS. One prospective study has provided evidence that 
there may be subgroup of patients who have developed PFPS 
due to lack of muscle flexibility at the quadriceps and at the 
gastrocnemius [68].

Gait Abnormalities

Using kinematic and kinetic gait analysis has led to patients 
being sub-classified based on abnormal pronation of the foot 
and ankle. Clinicians regularly visually inspect gait patterns, 
usually focusing on excess rearfoot varus and lowering of the 
medial arch. This would be important in sub-classifying PFPS 
patients as orthotic treatment could be administered accord-
ingly if abnormal gait was found to be a more prominent fea-
ture of a patients PFPS. Nevertheless, visual estimation of 
abnormal footfall is notoriously difficult to quantify and many 
studies have justifiable relied on kinetic and kinematic data 
collection methods. There have been few studies of the gait 
patterns and footfall of patients with PFPS. Kinematic data 
for knee flexion angles [17], foot pronation and tibial rotation 
[50], lower limb joint moments [44] and ground reaction forces 
[7, 41, 44] have been collected. It is important to consider that 
whilst gait analysis may be able to distinguish between those 
who may and may not benefit from insole corrections, abnor-
mal foot/ankle pronation is not a universal accompaniment to 
PFPS [50]. Both Ng and Cheng [45] and Callaghan and 
Oldham [12] found that not all patients with PFPS have abnor-
mal pronation as defined by kinetic parameters or simple 
measurement of leg length and foot pronation. To date these 
are the only two trials of PFPS treatment to exclude certain 
subjects who would not benefit from the treatments being 
studied (patellar taping and quadriceps electric stimulation, 
respectively).

Patellar Malalignment

Patellar malalignment – the static relationship between the 
patella and the femoral trochlea – is mentioned in many texts 
as the most common reason for PFPS [25, 26, 28, 49, 61]. 

Patellar maltracking – the dynamic patellofemoral malalign-
ment during knee motion [21] is also regarded as a common 
component of PFPS. It has been suggested that both mala-
lignment and maltracking are not as common a cause of PFPS 
as once thought [20, 43] and that some PFPS patients do not 
have patella malalignment [47, 48] nor patellar maltracking. 
It is important to differentiate, then, between those with and 
those without patellofemoral malalignment so that treatment 
and rehabilitation can be correctly administered according to 
the bio mechanical faults. Measurement of alignment is not 
new. Clinicians have often assessed patellofemoral joint 
alignment by the ‘Q’ angle, the ‘A’ angle and patellar orienta-
tion (defined as the triplanar position of the patella within the 
femoral  sulcus [60]). Clinical examination of patellar orienta-
tion usually involves simple tools, such as tape measures and 
goniometers, with additional information from visual estima-
tion and manual palpation. Studies have shown that poor 
intratester and intertester reliability is associated with assess-
ing patellar orientation in full knee extension [24, 64] and 
similar clinically unacceptable reliability even when a set of 
measuring calipers were used [60]. It seemed that medio- 
lateral position of the patella was the most reliable (Intratester 
ICC .74; SEM 0.26 cm). Thus, with such unreliable tools it is 
difficult to establish normal values, abnormal ones associated 
with patellar malalignment or even obtain consistently accu-
rate measurements. Therefore, attempting to sub-classify 
PFPS patients by patella malalignment may prove to be error 
prone until newer methods can be developed that are both 
reliable and valid.

Proprioceptive Factors

Proprioception, defined as the acquisition of stimuli from 
conscious and unconscious processes in the sensorimotor 
 system [39], is now thought to play a more significant role 
than pain in preventing injury in the aetiology of chronic 
injury and in degenerative joint disease [38]. As long ago as 
1986, Wilson and Lee proposed that various knee injuries 
may affect knee joint proprioception due to damage of the 
position sense receptors [67]. Proprioception involves a 
complex system of quick and slow adapting mechanorecep-
tors; these are thought to mediate the sensations of joint 
 movement (kinaesthesia) and joint position (joint position 
sense – JPS) [40]. Proprioceptive deficits have been found in 
anterior cruciate deficient knees [3], in osteoarthritic knees 
[30, 56], in knees with a chronic effusion [29] and after 
patellofemoral dislocation [35]. It has been further suggested 
that PFPS patients with subtler and atraumatic forms of 
chronic patella malalignment may exhibit dysfunction of the 
peripatellar plexus, detectable with proprioceptive testing 
[53]. There have been few clinical studies to investigate pro-
prioception status in PFPS. Kramer et al. [37] found no 
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differences between 24 PFPS patients and matched controls 
for knee joint position sense (JPS) testing in weight and non-
weight bearing. Prymka et al. [52] (in abstract form) con-
versely found significant differences between 43 PFPS 
patients and 30 controls in isolated JPS testing of the knee. 
Further studies supported the association between  poor pro-
prioception and PFPS [1, 11]. Callaghan et al. [11] also 
established that there was a subgroup of PFPS patients with 
poor proprioception whose status was improved with the use 
of patellar taping treatment. This gives some insight into the 
enhanced proprioceptive effect of taping. It may also pro-
vide an insight into using proprioception status (and its 
improvement with a taping intervention) as an area of sub-
classification in PFPS.

Ischaemia

Selfe et al. [55] found that 14/77 PFPS patients (14%) were 
classed as cold sufferers. This study confirms there are a 
minority of patients with patellofemoral problems who may 
be sub-classed as having cold knees even in warm weather. 
This agrees with the findings of Sandow and Goodfellow 
[54] who reported that 9 of their sample of 54 adolescent 
females (16.7%) had pain that was aggravated by cold 
weather. These cold sufferers report greater pain levels and 
can tolerate less physical activity than non-cold sufferers at 
initial assessment. Furthermore, cold sufferers show less 
response to an exercise-based treatment programme than 
non-cold sufferers. The experimental data collected in Selfe 
et al.’s study suggest cold sufferers could have some sort of 
circulatory deficit and that this may be a factor in their lack 
of response to treatment.

Psychological Factors

Differences in the mental distress and reduced self-per-
ceived health status in subjects with long-term PFPS, com-
pared to a group of healthy controls has been studied [34]. 
This study highlighted that there may be a subgroup of 
PFPS patients who would require psychological counselling 
rather than physical therapy to improve their symptoms. It 
was also recommended that referral to psychological coun-
selling should be considered in addition to physical therapy 
if patients HSCL-25 score was between 1.55 and 1.74. 
Based on these data and recommendations it would be pru-
dent  to assess, levels of mental distress or self-perceived 
health in addition to the clinical orthopaedic examination 
before designing a treatment programme for subjects 
 suffering from PFPS.

Evaluation of the Hypothesis

It is becoming more accepted amongst experts in the diagno-
sis and conservative treatment PFPS that there may be sub-
groups of patients who display several characteristics known 
to be associated with this condition. At the recent inaugural 
patellofemoral research symposium [15], there was consen-
sus that future trials are urgently required to evaluate targeted 
treatments for patellofemoral pain to establish if sub- 
classifying PFPS in order to provide the appropriate treat-
ment makes any difference to the outcome.

To date there has not been a study to fully attempt sub-
classification followed by an RCT that tailors conservative 
treatment to the patient depending on their subgroup charac-
teristics. Such a study using a blinded, randomised controlled 
design would have to ascertain if patients who are sub-clas-
sified with certain characteristics of PFPS demonstrated 
improvement from a specific ‘tailored’ approach to physio-
therapy treatment rather than from the usual ‘generalised’ 
approach. The null hypothesis would be that there would be 
no difference in outcome between PFPS patients given spe-
cifically tailored treatment according to their subgroup clas-
sification and those receiving generalised treatment. Although 
there are now several physiotherapy-based systems to sub-
classify PFPS, the clinician and researcher are still left with 
several problems to consider. Namely, these systems are 
still lacking full reliability and validity trials, and some of 
the clinical methods used still have poor reliability. Work 
should still continue to improve both these aspects in order 
to stop the generalised ‘scatter-gun’ approach to treating this 
condition.
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Joint Instability
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Patellofemoral Joint Instability

Patellofemoral joint instability associated with medial patel-
lofemoral ligament injury can severely impact an indivi dual’s 
ability to participate in pain-free activities of daily living as 
well as athletic pursuits. Conservative and postsurgical reha-
bilitation following medial patellofemoral ligament injury is 
poorly described in the literature, with most interventions 
focusing exclusively on the knee joint. The patella is embed-
ded within a soft tissue sleeve that originates from the ante-
rior iliac spines of the pelvis and proximal femur, inserting 
on the tibial tubercle. Therefore, it is more closely aligned 
with this sleeve than with the femur [8]. The underlying 
pathomechanics of patellofemoral joint instability following 
medial patellofemoral ligament injury generally occur dur-
ing the initial 20–30° of knee flexion before the patella 
becomes more firmly stabilized by the bony constraints of 
the femoral trochlea. Over the last 30° of knee extension the 
patella lies outside the bony constraints of the trochlea 
becoming primarily dependent on soft tissue constraints such 
as the medial patellofemoral ligament for stability [12]. 
Factors associated with an increased tendency for patellar 
subluxation include excessive femoral anteversion, forceful 
hip internal rotation with valgus knee stress, excessive exter-
nal tibial torsion, improper foot alignment, excessive lower 
extremity varus or valgus alignment when weightbearing, 
trochlear or patellar dysplasia, and dysfunctional vastus 
medialis obliquus orientation.

During single lower extremity jump landings, the three-
dimensional lower extremity loading response at impact 
often includes a contralateral pelvic drop and associated 
trunk movements, femoral and tibial internal rotation, knee 
valgus, and foot pronation. However, the magnitude and 
direction of transverse plane femoral and tibial rotational 
couplings and their coordinated neuromuscular responses 
may vary considerably [26, 27]. Therefore, local (knee), 
regional (entire lower extremity), and more global (entire 
lower extremity in addition to core, upper body) factors need 
to be considered when attempting to treat or to prevent patel-
lofemoral joint instability.
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Clinical Examination

Patellofemoral joint instability occurs most frequently in 
athletically active females and once a primary injury to the 
medial patellofemoral ligament has occurred, the patell-
ofemoral joint subluxation or dislocation recurrence rate can 
be as high as 40% [18, 22]. Because of the high likelihood of 
recurrence and the considerable disability that can be associ-
ated with patellofemoral joint instability, performing a com-
prehensive clinical examination is essential. In addition to 
taking a thorough history and carefully listening as the 
patient describes their instability episode(s), the clinician 
should observe and palpate bilateral dynamic patellar track-
ing during active knee flexion-extension, evaluate patellar 
height and tilt, tibial tuberosity-trochlear groove distance, 
sulcus angle, and rule out the possibility of multidirectional 
patellofemoral joint instability [7]. Since anterior knee pain 
may also be associated with other factors such as internal 
knee joint derangements and psychological factors [19, 31] 
careful questioning, reflective listening, and thorough his-
tory taking are essential. Of particular importance is devel-
oping a complete understanding of the injury mechanism, 
both in terms of the biomechanical and psycho-behavioral 
dynamics of the game or activity situation.

Contractile and Noncontractile Restraints

Both contractile and noncontractile restraints provide patel-
lofemoral joint stability. The rectus femoris and vastus 
intermedius muscles function directly along the femoral 
axis through the quadriceps tendon patellar insertion. The 
vastus lateralis and vastus medialis have oblique patellar 
insertions that help provide medial-lateral stability. The 
medial patellofemoral ligament is not innervated [32] and 
its fibers interdigitate with the deep vastus medialis obliquus 
fibers [10]. This histological and structural arrangement 
suggests both a proprioceptive and stabilizing role for the 
vastus medialis obliquus, while the medial patellofemoral 
ligament serves more as an early knee flexion checkrein to 
control patellar alignment. Powers et al. [28] reported 
greater three- dimensional patellar movement during non-
weightbearing exercise than during weightbearing exercise. 
During weightbearing exercise the femur rotates through its 
long axis beneath the relatively fixed patella. The internal 
femoral rotation that occurs during single lower extremity 
jump landings, for example, is largely controlled by the 
power external hip rotational function of the gluteus maxi-
mus muscle while hip adduction is controlled by the gluteus 
medius muscle. This finding provides considerable support 
for rehabilitation programs that effectively integrate both 
non-weightbearing (open kinetic chain) and weightbearing 

(closed kinetic chain) therapeutic exercises to facilitate 
coordinated hip and knee function to improve dynamic 
patellofemoral joint stability.

Functional Limitations and Disability

To improve their accuracy, patient outcome measurements 
should consider active pathology, impairments, functional 
limitations, and disability [13]. Of these, the functional limi-
tation and disability domains are of particular importance to 
the rehabilitation clinician. Functional limitations refer to 
activity restrictions that are visible only at the level of the 
whole person. Functional limitations associated with patell-
ofemoral joint instability may include difficulty in stair 
ascending or descending, performance of running directional 
changes such as crossover or sidestep cutting, or suddenly 
stopping. Disability refers to participation restrictions regard-
ing an individual’s inability to perform in a socially defined 
role. For example, an individual with patellofemoral joint 
instability may no longer be able to participate in club or 
team activities because of the instability or pain that exists at 
their knee. Following medial patellofemoral ligament injury 
and/or surgical reconstruction, patients often experience dif-
ficulty with sudden directional change movements and stops, 
as well as symptoms of knee “giving way” or buckling.

Medical literature suggests that the knee surgeon is most 
concerned with surgical fixation placement and strength to 
correct for patellofemoral joint instability, while avoiding 
the “over-constraint” which may contribute to excessive 
compression between the patella and femoral condyles, 
which may lead to osteoarthritic changes. Rehabilitation cli-
nicians have similar concerns; however, with the assurance 
that the surgical procedure was properly performed, their 
intervention focuses more on patient lower extremity pos-
tural and functional movement behaviors to avoid “under 
control” of the patellofemoral joint, or “going too far…. too 
fast” during single lower extremity loading in a manner that 
facilitates the instability pattern. Traditionally, patello-
femoral joint instability has been treated by a concentrated 
“local” focus on strengthening a “deficient” vastus medialis 
obliquus muscle to support a lax medial patellofemoral liga-
ment, stretching the lateral patellar retinaculum, controlling 
an increased “Q” angle, stretching the quadriceps femoris to 
alleviate patellar alta, stretching the hamstrings to alleviate 
excessive patellofemoral joint compression, and using a patel-
lar tendon strap to combat femoral trochlea dysplasia [29]. 
More recently, however, the focus has moved toward estab-
lishing more regional and global strength and extensibility 
balance, to reduce medial patellofemoral ligament strain and 
to optimize synchronous core, lumbopelvic, and lower 
extremity three-dimensional dynamic stability [3].
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Therapeutic Exercise Program

Based on the aforementioned information we propose a 
treatment intervention to improve dynamic patellofemoral 
joint stability that has local-to-global considerations 
(knee = local, lower extremity = regional, global = entire 
body (including core, lumbopelvic region and upper extrem-
ities). This treatment intervention is only initiated following 
a similarly focused clinical examination. For local treat-
ment, the rehabilitation clinician may use McConnell taping 
[20], patellofemoral joint bracing, vastus medialis biofeed-
back or neuromuscular electrical stimulation, and soft tissue 
stretching. Impairment level knee extensor and flexor 
strength measurements can be accurately performed using 
isokinetic dynamometers and normative data have been well 
established [6].

In addition to “knee-centric” interventions however, from 
a more regional perspective, the rehabilitation clinician 
addresses hip and lower leg muscular strength deficits, and 
hip and ankle region range of motion deficits with particular 
focus on restoring normal extensibility at bi-articular mus-
cles such as the rectus femoris, hamstrings, hip flexors, gas-
trocnemius, and tensor fascia lata. The initial clinical 
examination will often reveal tight hip and ankle region mus-
culotendinous tissues that are characteristic of “over-used 
muscles.” At the regional level, the rehabilitation clinician 
blends non-weightbearing (open kinetic chain) and weight-
bearing (closed kinetic chain) exercises that integrate coordi-
nated hip external rotator-abductor and hip adductor 
activation, with knee extensor and knee extensor-flexor co-
activation, and lower leg muscle activation. The end goal is 
to facilitate dynamic knee stabilizing neuromuscular syner-
gies during the performance of functionally relevant move-
ment patterns [24, 25]. Incorporating the core musculature 
[2, 30] into regional lower extremity function is essential to 
knee injury or reinjury prevention. Simple plank type move-
ments performed in supine or prone positions can be pro-
gressed to more upright postures with the addition of larger 
and more rapid, alternating upper and lower extremity move-
ments while maintaining appropriate trunk and core region 
postural control [2, 30]. Early re-establishment of unre-
stricted hip and ankle range of motion in positions of func-
tion is essential [23]. Bi- or multiarticular muscle groups 
such as the hamstrings, rectus femoris, gastrocnemius, hip 
flexors, and the tensor fascia lata through the iliotibial band 
warrant particular attention [9]. Regional lower extremity 
exercises that have a specific kinesthetic, coordination, bal-
ance, or educational challenge embedded in more conven-
tional strength, endurance, or power training goal may be 
particularly beneficial.

Functional rehabilitation has been defined as the use of 
therapeutic exercises to simulate the weightbearing and non-
weightbearing components of daily activities in a manner 

that replicates three-dimensional function within joint ranges 
and motions that facilitate the desired physiological response 
[25]. The more global responses associated with functional 
rehabilitation can be largely attributed to its use of “sensory-
rich” environments [33, 34] and relevant activity or sport-
specific postures incorporating equipment such as a ball, a 
hockey or lacrosse stick, or a cricket bat [5] to more closely 
simulate the knee joint loads that will be experienced during 
a specific sport activity.

The rehabilitation clinician must carefully blend local 
treatments (including therapeutic exercises, electromodali-
ties, and thermo-modalities) with regional and global thera-
peutic exercise interventions in a manner that develops 
coordinated lower extremity neuromuscular movement 
 synergies that integrate the core and upper extremities in 
a functionally relevant manner (Fig. 1). The ultimate goal is 
pain-free, three-dimensional dynamic knee stability. Para-
mount to attaining effective dynamic knee stability is having 
sufficient eccentric muscle function to withstand activity-
specific loads. LaStayo et al. [17] and Gerber et al. [11] have 
demonstrated how progressive eccentric loads applied to the 
knee and hip extensor musculature through regional thera-
peutic exercise can improve knee function while not evoking 
excessive delayed onset muscle soreness among patients of 
differing age groups and with vastly differing conditions. 
Application of this philosophy to more global movement 
patterns may better assist the patient in re-establishing con-
trol over the lower extremity transverse and frontal plane 
femoral and tibial long axis rotational coupling variability 
associated with single lower extremity loading tasks [27]. 
Particular concerns include limited hip and knee flexion dur-
ing single lower extremity landings, excessive or poorly 
 controlled trunk movements, and increased coxa varus-genu 

McConnell taping
Quadriceps setting
Biofeedback, electrical muscle stimulation
Seated knee extensions
Hamstring curls

Leg press
Lunges
Squats
Bridges
Planks
Simple, low intensity hops, jumps

3D Matrix movements
Functional therapeutic exercises
Sport-specific training
Multi-directional high intensity hops, jumps

Local

Regional

Global

Fig. 1 Examples of local, regional, and global knee treatment 
interventions
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valgus [1]. Progressive exercises might include three-dimen-
sional Matrix Movements (Figs. 2 and 3), Woodchoppers 
(Fig. 4), and hopping activities. These are performed with 
progressive resistance, cadence, step height, duration, hand-
held loads (as sport or position dictates), with consideration 
of the metabolic energy requirements of the sport, and posi-
tion played. Movement quality is evaluated continually, par-
ticularly when progressing from double to single lower 
extremity jumping. Use of appropriate footwear occasion-
ally with simple medial orthotic posts may also help decrease 
the magnitude and velocity of the genu valgus loading 
response with jump landings [15].

Returning to Play

Within this blend of local-regional-global therapeutic exer-
cises and other interventions, the rehabilitation clinician 
must also facilitate the patient’s transition from being injured 
to being an active healthy participant in activities whose 
absence formerly defined their disability. The interventions 
that comprise the treatment plan should be effectively trans-
lational contributing directly to moving them from the clinic 
(patient role) to the playing field (athlete role) or back to a 
similar quality of life evoking pursuit. To avoid overtraining, 

Fig. 2 Three-dimensional Matrix exercise with weighted vest

Fig. 3 Three-dimensional Matrix exercise with weighted vest, medi-
cine ball, and 20.3 cm step

Fig. 4 Woodchopper exercise with weighted vest and progressive 
 medicine ball resistance



Conservative Treatment of Patellofemoral Joint Instability  583

plateauing, or otherwise minimizing progress, the rehabilita-
tion clinician must also intervene in a timely and titrated or 
periodized manner with appropriate therapeutic exercise vol-
ume and intensity closely following the specific adaptations 
to imposed demands principle of exercise. Lastly, and with a 
strong link to psychobehavioral factors, the treatment plan 
should be transformational in helping the patient move from 
the role of an injured patient to the role of someone who 
functions at a high level of activity proficiency and with 
strong self-efficacy [4].

Ideally, rehabilitation clinicians will design better meth-
ods of discerning when a patient is ready to progress to less 
restricted or controlled activities. Physicians tend to evalu-
ate their patients’ function as being better than the patients’ 
perceive themselves to be. For this reason having an inde-
pendent appraisal of functional readiness by a physical 
therapist is an excellent idea prior to releasing the patient to 
sport-specific training. Myer et al. [21] described a return to 
sports program following anterior cruciate ligament recon-
struction that is based on the achievement of specific crite-
ria (objective, subjective, quantitative, qualitative) prior to 
advancement. In addition to using specific impairment level 
measurement goals (such as pain-free active range of motion 
and non-impaired quadriceps strength), and simple jumping 
task achievement (single leg hop test), they recommended 
incorporating force platform measurements to determine 
single lower extremity power capability over a series of 
repeated single lower extremity jumps in addition to the use 
of more traditional, and norm-based agility test maneuvers 
to improve the accuracy and validity of the decision-making 
process. Criterion-based guidelines such as these also need 
to be developed for patients who have knee dysfunction 
associated with patellofemoral joint instability.

Ideally, self-reported patient outcome measures for patel-
lofemoral joint dysfunction or instability will also evolve 
from inventories where points are arbitrarily assigned based 
on expert opinions regarding their functional significance to 
psychometrically tested surveys with points awarded based 
on items that are deemed to be important by athletically active 
patients who have patellofemoral joint instability. Careful 
development and psychometric testing of these more “patient 
centered” inventories will better insure that they are reliable, 
valid, responsive, have adequate range to evaluate changes 
across the wide continuum of patient experiences, and are 
flexible, practical, and effective in clinical practice (without 
being too long or too time intensive to complete). There is no 
universally acceptable scale that covers the breadth of func-
tional limitations and disability that may be experienced by 
individuals with differing pathologies and impairments across 
the wide spectrum of abilities. Therefore, test refinement 
should be an ongoing process to improve the construct valid-
ity of the instrument to provide the most accurate and valid 
measurement of the knee joint health for a given patient [13]. 

Although tests like the Kujala Score [16] provide useful 
information regarding patient functional limitations and dis-
abilities associated with patellofemoral joint dysfunction, 
points awarded for items such as jumping, stair climbing, and 
painful subluxations were for a general patient population 
and were weighted solely on expert opinion. Ideally, specific 
items for athletically active younger patients with patellofem-
oral joint instability or dysfunction can be determined from 
focused questioning of this patient group both for essential 
survey items and for relative item scoring weight. For exam-
ple, the Kujala Score does not have any items related to run-
ning directional changes or suddenly stopping, giving way or 
knee buckling, or the influence of repetitious movements 
which are common to many athletically active individuals 
who either have or who are at risk for having patellofemoral 
joint problems. Additionally, questions related to pain are not 
given a specific context such as pain with stair descent, or 
with running directional changes, etc. As perceived function 
inventories for patients with patellofemoral joint instability or 
dysfunction continue to evolve [14], greater focus should be 
placed on context-specific questions regarding functional 
limitations and disabilities in addition to impairments, with 
survey item weights based on responses from comparatively 
homogenous athletically active patient groups. Embedded 
in these modified surveys should be questions related to 
 self-efficacy, kinesiophobia, health locus of control, and pain 
[4, 19, 31] to better discern the influence of these psychobe-
havioral factors on function.
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Overview of Patellar Dislocations in Athletes

Uğur Haklar and Tekin Kerem Ülkü 

Incidence

Incidence of primary patellar dislocation is 5.8 per 100,000, 
and this increases to 29 per 100,000 in the 10–17-year-old age 
group. Over 60% happens in the second decade (Table 1) [63] 
and constitutes 2–3% of all knee injuries. It is the most com-
mon cause of osteochondral fractures and second most com-
mon cause of hemarthrosis for the knee injuries [26, 32, 33].

The recurrence rate ranges from 15% to 44% after nonop-
erative treatment of an acute injury [33]. If the patient experi-
ences a subsequent patellar dislocation, there is a 50% chance 
of recurrent episodes [26, 33].

It has been reported that up to 55% of patients fail to return 
to sports activity after a primary patellar dislocation [5].

Clinical Presentation and Physical 
Examination

Many different factors affect the patellofemoral stability 
including bony and cartilaginous architecture of patella and 
trochlea and limb alignment and structure of surrounding 
soft tissues. To be able to treat the patients effectively one 
must clearly understand integration of these factors.

Patellar dislocations are generally reduced spontaneously. 
Therefore, most of the cases cannot be diagnosed in first 
examination.

Diagnosis is very easy and obvious in dislocated cases. 
Patella dislocations need to be diagnosed with x-ray rarely 
(Figs. 1 and 2).

If reduced spontaneously, to be able to diagnose, the phy-
sician should be either careful or experienced. On physical 
examination orthopedic surgeon should pay attention to 
localization of pain, presence of hemarthrosis, and anxiety 
of the patient. Pain localization maybe on inferolateral 
medial part of lateral femoral condyle, border of patella, 
medial patellofemoral ligament, or adductor tubercle. 
Therefore, a thorough evaluation of clinical history is a cru-
cial step for diagnosing medial patellofemoral ligament 
(MPFL) injury.
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Increased patellar tilt with gliding test compared to non-
dislocated knee can be another clue for patellofemoral insta-
bility. During initial physical examination, etiologic factor of 
dislocation should also be taken into consideration.

Etiology

The stability of a joint depends on the underlying morphol-
ogy and the balance of static and dynamic soft-tissue forces 
that interact in a complex way.

Hip internal rotation accompanied by tibial external rota-
tion together with knee valgus is the most common injury 
mechanism (Fig. 3). This mechanism can cause patellar dis-
location in a knee with etiologic factors whereas a tennis 

player without any etiologic factors may never experience 
any dislocation episodes throughout his\her entire carreer 
even if the tennis player repeats this combination for many 
times even in 1 day (Fig. 4).

Fig. 1 Lateral view in emergency room

Fig. 2 Patellar dislocation is rarely diagnosed reduction in emergency 
departments by radiographs

Fig. 3 Injury mechanism of indirect patella dislocation
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Table 1 Incidence of patellar dislocation according to ages
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A wide pelvis and decreased distal lateral femoral angle 
are important factors decreasing patellofemoral stability [36].

Generalized ligament laxity, lateral retinacular tightening, 
shallow trochlea, and patella alta are among the most com-
mon known etiologic factors [8].

Rotational deformities that increase the risk of patell-
ofemoral instability include increased femoral neck antever-
sion, torsional deformities of the femoral shaft, external tibial 
torsion, and excessive varus at the subtalar joint [38].

Even though Q angle is among one of the most important etio-
logical factors, it should be kept in mind that a subluxated patella 
can never be used to determine the real Q angle. For this reason, 
to determine the real Q angle during physical examination, patella 
should be manually reduced to its native position [12].

A more widely recognized aspect of osseous alignment is 
Q angle. Q angle is maximum in full extension because the 
tibia rotates externally in terminal knee extension [31].

Radiographic Evaluation

Standard posteroanterior, lateral, and Merchant views should 
always be obtained in a patient with patellofemoral symp-
toms [50].

For determination of sagittal positioning of the patella 
Blackburne-Peel ratio can be used more reliably than Insall-
Salvati Ratio [7, 69].

To evaluate trochlear dysplasia consistently, crossing sign 
can be used. Crossing sign is described as a line represented 
by the deepest part of trochlea crossing the anterior aspect of 
condyles in a perfect lateral radiography (Fig. 5) [16, 17].

Double contour and presence of a supracondylar spur on 
lateral radiographs can also be used as other important indi-
cators of trochlear dysplasia [17].

Also axial computerized tomography images at different 
positions of lower limb can provide 3-dimensional images of 
patellofemoral joint and highest point of tibial tuberosity 

from the deepest point of trochlea can be assessed easily.  
A distance between the tibial tuberosity and the trochlear 
groove exceeding 20 mm is nearly always associated with 
patellar instability [17] (Fig. 6).

It should always be kept in mind that actual trochlear 
depth is chondral trochlea. And this can only be assessed 
with MRI scans [79] (Fig. 7). Evaluation of the medial-sided 
structures supporting patella and identifying the chondral 
injuries are also very important (Fig. 8).

Magnetic resonance imaging is the gold standard to eval-
uate these structures. MPFL is the primary passive soft-tissue 
restraint to lateral patellar displacement. It provides 50–60% 
of lateral restraint from 0° to 30° of knee flexion [18, 45].  
It has 85% sensitivity and 70% accuracy for MPFL when 
correlated with intraoperative findings [66].

Damage to the articular cartilage and simultaneously bone 
bruising of the medial patellar facet and inferolateral lateral 
femoral condyle are considered to be pathognomic injuries 
for patellar dislocation (Fig. 7) [22, 39]. These findings on 
MRI can be used for footprints of patellar dislocation if 
already reduced.

Vastus medialis obliquus that lies superficial to the medial 
patellofemoral ligament is commonly injured and usually 
accompanied by hemorrhage edema and elevation of muscle 
away from medial femoral condyle [58, 66].

Ultrasonography is another diagnostic way of medial-side 
injuries. The most significant findings were the correlation of 

Fig. 4 Even though a tennis player is exposed to the same mechanism 
hundreds of times during a game dislocation never occurs if no etio-
logic factors are present

Fig. 5 Sulcus sign in a lateral radiography
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free fluid around the medial collateral ligament (MCL) with 
avulsion of the femoral attachment of the MPFL and the 
presence of avulsed fragments of bone from the medial bor-
der of the patella [77]. Visualization of loose bodies and 
localization of osteochondral lesions are made possible by 
use of ultrasonography and with the use of dynamic 

modification it is even possible to assess the functional status 
of the MPFL precisely [25].

MRI is a very precise indicator of the tension in the medial 
structures and also shows how the patella stays in dislocated 
position. Computerized tomography is helpful in determin-
ing the presence of osteochondral fractures.

Recent studies proved that Godalinium-enhanced MRI 
studies have great importance in evaluating chondral damage 
and glycosaminoglycan concentration [81].

Medial Patellofemoral Ligament  
and Classification of MPFL Lesions  
in Chronic Patellar Dislocation

It is the most important medial static structure limiting lat-
eral patellar displacement, and contributes up to 60% of sta-
bility. The MPFL is particularly important in patients with 
increased TT-TG grade offset and trochlear dysplasia.

The classification made by Nomura is used for classifica-
tion of injury site in acute patellar dislocations [57].

Type 1: Avulsion tear type. Avulsion tear type is defined 
as a detachment injury limited to the deep layer of the MPFL 
at its femoral attachment, but with no actual rupture of the 
ligament itself.

Type 2: Substantial tear type. The substantial tear type is 
defined as a complete rupture or tear of the MPFL and is usu-
ally found in the immediate vicinity of the femoral 
attachment.

According to Nomura, femoral origin is the most com-
mon disruption site for the medial patellofemoral ligament 
and 50–80% of all MPFL injuries are at the femoral origin 
[39, 66, 79].

Treatment

Treatment should be individualized for selected cases; it can 
be both surgical or conservative. Conservative treatment 
modalities used to be the most common preferred treatment 
until the beginning of last 2 decades. Nowadays, surgical 
treatment modalities are becoming more and more popular.

There are five studies published that compare conserva-
tive and surgical treatment. Buchner et al. [9] retrospectively 
studied 126 patients at a mean of 8.1 years after primary 
patellar dislocation. Thirty-seven of these patients had imme-
diate surgical reconstruction of their parapatellar ligament 
complex. At follow-up, no significant differences could be 
found in redislocation rates, level of activity, or functional 
and subjective outcome measures between those treated 

Fig. 6 Method to measure the distance of tibial tuberosity and trochlear 
groove

Fig. 7 The footprints of patellar dislocation on MRI scan
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operatively and those treated nonoperatively. Two other pro-
spective, randomized studies, which examine the issue of 
operative versus nonoperative management of the primary 
dislocator exists. Nikku et al. [55, 56] initially published 
2-year results and have now published 7-year results of their 
prospective randomized trial. They found no difference in 
outcome scores or instability rates between the two groups at 
either time point. Andrade and Thomas [4] performed a pro-
spective randomized trial comparing operative versus non-
operative treatment after primary patellar dislocation. Similarly, 
they also found no differences in outcome between the treat-
ment groups. A recent study made by Camanho et al. [10] 
showed that patients with acute patellar dislocation who were 
treated conservatively had 50% recurrence rates whereas 
patient treated with surgical MPFL reconstruction had no 
recurrences. Silanpaa and Mattila [70] similarly followed  
40 patient for 7 years and concluded 6 recurrences in 21 con-
servatively treated patients and no recurrences in 19 surgi-
cally treated patients but no differences in Kujala scores.

Both for conservative and for surgical treatment modali-
ties hemarthrosis is a very important issue for chondral 

homeostasis. Hemarthrosis causes chondral damage in two 
different mechanisms. Firstly it induces permanent inhibi-
tion of cartilage proteoglycan synthesis by red blood cells in 
combination with mononuclear cells. Hemarthrosis also 
damages synovium and cartilage by free iron in hemoglobin. 
In this process iron acts as a catalyst in Fenton reaction in 
which the hydroxyl radicals are formed from hydrogen per-
oxide [34, 35, 37]. Hemoglobin derived iron in addition to an 
enhanced hydrogen peroxide production by chondrocytes 
owing to IL-1  stimulation, which causes an increased for-
mation of hydroxyl radicals which causes oxidative stress 
and permanently damaging chondrocytes. Hydroxyl radicals 
cause inflammation in synovial, which in turn causes release 
of inflammatory radicals such as cartilage destructive pro-
inflammatory cytokines and cartilage matrix degrading pro-
teases [34, 35, 37, 47].

To be able to provide cartilage homeostasis, early recog-
nition and aspiration in 18–24 h is of vital importance if con-
servative treatment is planned or surgery is not scheduled in 
a week. Early aspiration of hemarthrosis also allows patient 
to regain quadriceps strength and control.

a b c

d e

Fig. 8 (a–e). An osteochondral fragment from lateral femoral condyle after acute patellar dislocation, its fixation with PLLA darts and postopera-
tive MRI scans
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Nonoperative Treatment

So far for acute patellar dislocations there are no clinical stud-
ies published to demonstrate the efficacy of bracing or physi-
cal therapy [31]. But as the main idea in treatment of acute 
patellar dislocations is decreasing swelling, which has a detri-
mental effect on quadriceps activity and promoting vastus 
medialis obliquus and gluteal activity and thereby increasing 
range of motion as fast as possible, the earlier reduced swell-
ing causes earlier increased range of motion. Even though 
immobilization in extension may improve medial structure, 
healing stiffness remains a major problem [48, 62].

Physical therapy may have positive effects on patients 
with chronic patellar instability. It causes patients to regain 
motion strength and proprioception. Patellar typing also may 
help to control excessive patellar motion. Also has been 
shown to improve quadriceps muscle torque and activate 
vastus medialis obliquus earlier than vastus lateralis during 
ascending and descending stairs [14, 49].

Weakness of the gluteal muscles in patients with chronic 
patellar disability causes internal rotation and adduction of 
femur during weight bearing and thereby increasing patellar 
instability. To overcome this problem taping of the hip and 
strengthening gluteals to promote external rotation of femur 
can be used. Closed chain exercises are shown to be more 
efficient than open chain exercises. This may be because of 
latest response of four different muscle portions of quadri-
ceps in vastus medialis obliquus in open chain extension. 
Core stability program which is used nowadays commonly in 
many of the rehabitation programs is also very important in 
patellofemoral joint rehabilitation especially in athletes [83].

It should be kept in mind that poor results in conservative 
treatment are as high as 50%. Conservative treatment is only 
indicated in patients without osteochondral fractures less 
than 16 years of age [62]. According to author’s clinical 
experience, conservative follow-up of patellar dislocation 
with generalized ligament laxity without chondral and osteo-
chondral fractures can be also beneficial.

Not having a redislocation after conservative treatment 
for patellar dislocation is generally accepted as a good result. 
But chondral damage caused by increased pressure in patel-
lofemoral joint and knee scoring systems should always be 
kept in mind.

Operative Treatment

Main idea of surgical treatment in patellar instability is lateral 
release, medial imbrication, and distal realignment or a com-
bination of all. More than 100 different surgical methods have 
been described based on these goals. But still no standard 
treatment for patellar instability has been accepted [78].

Aim of surgical treatment should be directed to diagnose 
the etiological factors and injuries in the knee accurately, 
application of correct treatment with correct method.

Strategy of Treatment

If MPFL insufficiency is added to current etiological factors, 
a better prognosis may not be established through conserva-
tive treatment with activity restriction. Therefore, surgical 
treatment should be considered even though intra-articular 
osteochondral fracture is not present.

Surgical Treatment Techniques

Surgical management can be performed by arthroscopic or 
open techniques. Arthroscopic removal or replantation of 
osteochondral fragments, chondroplasty, and lateral retinac-
ular release can be performed and joint space and related 
structures can be examined. Also using the medial approach, 
osteotomy of tuberositas tibia, osteotomy of distal femur, 
arthorotomy for many different procedures, and trochleo-
plasty can be performed.

In a previous clinical study comparing lateral release with 
lateral release and medial soft-tissue realignment combina-
tion is found to have superior results than isolated lateral 
release [65].

Osteochondral Fractures

Presence of osteochondral fractures and related loose bodies 
is a surgical indication. During surgery, replantation of osteo-
chondral fragment may also be possible. A medial repair will 
usually be performed simultaneously. Osteochondral frac-
tures are most commonly located inferolateral of the femoral 
condyle, inferomedial part of the patella, and occasionally in 
the apex of patella [41].

Osteochondral fractures are more commonly seen in 
knees that have less etiologic factors; therefore it may not be 
encountered in knees that have generalized ligament laxity, 
trochlear hypoplasia, and patella alta.

To fix an osteochondral fragment, a surgeon should always 
keep PLLA darts in mind to create less chondral damage 
(Fig. 8a–e). Also, osteochondral fractures in patella can be 
fixed with Kirschner wires placed inside-out technique, 
which can later be removed easily (Fig. 9).

How long the replantation of osteochondral fragments 
can be delayed is another important concern. For the frag-
ments that cannot be replanted, Mosaicplasty is always an 
option after epiphyseal maturity is reached.
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Lateral Release

The only procedure shown to be ineffective for treating 
patients with patellar instability is shown to be isolated lat-
eral release [40, 54].

Lateral release in combination with a medial-sided proce-
dure such as a plication or a MPFL reconstruction can be 
performed for patients with a tibial tubercle to trochlear 
groove distance less than 20 mm [44] (Fig. 6). For patients 
with an osseous malalignment, these procedures can be com-
bined with osseous procedures [76].

Medial Repair

There are two prospective randomized clinical trials compar-
ing medial repair with conservative treatment. Nikku et al. 
found no significant difference in follow-up of 127 patients 
with a first-time patellar dislocation for operative and nonop-
erative treatment with respect to scores determined with the 
systems of Kujala et al. [43] (p = 0.6), Flandry et al. [27] 
(p = 0.1), and Tegner and Lysholm [74] (p = 0.7); they also 
found no difference in the rate of recurrence of subluxation 
or dislocation [2, 27, 42, 52, 53, 55, 56, 74].

For acute medial repair, a recent study shows that 6% 
of NFLPS surgeons indicated that they would perform an 
early repair to treat an acute patellar dislocation with no 
loose bodies in a high school collage or professional ath-
lete [82]. Studies also showed that the potential for over-
load of the patella with a graft reconstruction avoids 
surgeons to perform a medial imbrication rather than 
reconstruction of MPFL [76]. Meanwhile, the native 
medial patellofemoral ligament has shown to have a load 
to failure of 208 N [3]. Also a hamstring graft used to 
reconstruct the medial patellofemoral ligament can 
 generate up to 1,600 N [76].

Another clinical study shows that reconstruction is not 
that strong. In this study, the MPFL was found to have a 
mean tensile strength of 208 N (SD 90) at 26 mm (SD 7) of 
displacement. The strengths of the other techniques were: 
sutures alone, 37 N (SD 27); bone anchors plus sutures, 
142 N (SD 39); blind-tunnel tendon graft, 126 N (SD 21); 
and through tunnel tendon graft, 195 N (SD 66). The last was 
not found to be significantly weaker than the MPFL itself [51]. 
Medial imbrication can cause excessive medialization and 
abnormal tracking of the patella because of its nonanatomic 
nature. In another randomized controlled study about iso-
lated medial patellofemoral repair in primary dislocation of 
patella, delayed repair of MPFL to adductor tubercle after 
primary dislocation found not to reduce risk of redislocation 
and does not improve subjective outcomes [11, 61].

Reconstruction of the Medial Patellofemoral Ligament

Reconstruction of medial patellofemoral ligament is very 
important for also addressing adductor tubercle.

In recent studies, primary MPFL reconstruction proved 
to be effective in recurrent dislocations with functional 
 disability and in primary dislocations in high performance 
athletes [64].

Graft choice, positioning, tension, and choice between 
static and dynamic reconstruction are still subject to contro-
versy. Different graft selections including adductor magnus 
autografts, semitendinosus and tibialis anterior auto and 
allografts exist [15, 21, 61].

Malpositioned double hamstring grafts can be a real prob-
lem because of its stronger and stiffer nature than the native 
MPFL [6]. A biomechanical study performed by Elias and 
Codger showed significant increase in force on the medial 
patellar facet with either 5 mm of proximal malpositioning 
or a graft 3 mm shorter than native MPFL.

Doral et al. published satisfactory results of arthroscopic 
lateral retinacular release, and medial plication 23 of 79 
cases were acute patellar dislocations [20].

There is also a controversy about the appropriate flexion 
angle at which to tension the graft. Some authors believe 
MPFL to be isometric whereas some show that it is not. 
Some authors also advocate tensioning graft between  
60° and 90° of flexion but some recommend lower angles of 
flexion to avoid overtightening of the graft and to ensure that 
patella has engaged to trochlea [3, 6, 20, 61, 64].

On the other hand MPFL reconstruction can result in 
overload of the medial patellofemoral cartilage and does not 
address potential osseous problems [6, 21].

In a recent study, Silanpaa, Peltola et al. advocated that 
MPFL avulsion at the femoral attachment in primary traumatic 
patellar dislocations predicts subsequent patellar instability. 
The authors suggested MPFL injury location to be taken into 

Fig. 9 An osteochondral fragment from apex of patella after acute 
dislocation
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account when planning treatment of primary traumatic patel-
lar dislocation [21].

Authors Preferred Method

MPFL has a 1 cm² femoral attachment site. On the other hand 
patellar origin is special and parallel to articular surface and 
in a narrow, long morphology which has a 28.2 ± 5.6 mm foot-
print. Its patellar attachment is in a subvastus and extrasyn-
ovial localization. This specific form and unique localization 
provides MPFL’s important biomechanic and propriocep-
tive characteristics. As mentioned before, MPFL adductor 
tubercle avulsion injuries, in which patellar side is intact, are 
commonly seen. The technique we tend to perform for these 
injuries in our daily practice is as follows.

There are a bunch of MPFL reconstruction techniques 
defined in literature, some using single tunnel, double tun-
nel, without tunnel reconstruction methods but none of 
which are able to mimic the original structure of patellar 
attachment on femoral site [1, 6, 11, 13, 20, 23, 59, 60, 68, 
71–73, 75].

After all these evaluations, we believe that femoral side 
which is easier to mimic should be used to place the blind 
tunnel aiming toward 30°. After the application of lateral 
release and anteromedialization osteotomy if necessary, 
gracilis autograft should be fixed to the tunnel by osteocon-
ductive interference screws. Fixation should be performed 
in 40° of flexion and graft attached to femoral side should 
be side-to-side sutured to the remnants of MPFL in patel-
lar side via absorbable and nonabsorbable sutures. These 
sutures should never come closer than 15 mm to the patel-
lar edge, thus the very special origin of MPFL in patel-
lar site can be protected and reconstruction maintained 
(Fig. 10a–d).

For postoperative rehabilitation, partial or full weight 
bearing and 90° of flexion can be allowed as tolerated.

If the MPFL is avulsed from its patellar attachment side, 
our choice for acute cases is primary repair. But for sub-
acute and chronic cases we tend to perform double tunnel 
reconstruction.

Trochleoplasty

Use of trochleoplasty is somewhat limited in the USA 
because of possible serious irreversible articular and sub-
chondral injuries of trochlea. On the other hand European 
literature has controversial results. Abnormal patellar track-
ing with a J sign usually manifested by a tibial tubercle to 
trochlear Groove distance of greater than 10–20 mm and a 
dome shaped trochlea noted on a perfect lateral radiograph in 
a patient with recurrent patellar instability are the common 
indications for sulcus deepening trochleoplasty [19, 28, 67, 

68, 80]. Different techniques were described for trochleo-
plasty all of which are not standard. Fixation may be done by 
the use of absorbable and nonabsorbable pins or absorbable 
sutures. Steiner et al. reported that reconstruction of the 
MPFL in patients with trochlear dysplasia may be another 
option for patients with trochlear dysplasia and recurrent 
patellar instability [24].

It should be kept in mind that trochlea is a 3-dimensional 
structure and the subchondral layer is usually not flexible 
enough to recreate the desired 3-dimensional structure of tro-
chlea which may be the cause of fractures and fissures in 
osteochondral flaps.

There is an important surface area difference between 
shallow and deep trochlea. And when a deeper trochlea is 
being formed this surface area difference may prevent the 
surgeon to be able to form the desired chondral area for the 
new trochlea.

In conclusion, if there is no chondral damage within the 
joint, trochlear dysplasia is treated with trochleoplasty. 
Although the longest published results for trochleoplasty are 
after a mean of 8.3 years, so far early and mid-term results of 
trochleoplasty are encouraging and patient satisfaction is 
high. But when performed as an isolated procedure it may 
cause instability or will not be able to provide enough stabil-
ity that increases the need for additional surgery.

Post operative Period

Patients should be kept in extension brace for weight bearing 
as tolerated on first day and isometric exercises should be 
started on first day as soon as possible. Range of motion 
should be kept in 0–45° for the first 10 days and in 3–5 weeks 
can be increased up to 90°. After 5 weeks more than 90° of 
flexion can be started.

Tibial Tubercle Transfer

For providing the distal realignment, different types of pro-
cedures have been described and one of them is anterome-
dial tibial tubercle transfer which can successfully treat both 
instability due to patellar malalignment and pain due to dis-
tal or lateral articular damage [6, 21, 29]. Q angle should 
be assessed carefully. To determine the real Q angle during 
physical examination patella should be manually reduced 
to its native position. Anteromedial tibial tubercle transfer 
causes early engagement of patella in flexion and decreases 
the load on damaged distal articular cartilage. On the con-
trary overmedializing of the tibial tubercle (>15 mm past the 
original site) has been shown to increase contact pressures 
in medial patellar facet and medial compartment. After this 
study, Kuroda et al. recommended avoiding overmedializing 
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of the tubercle in patients with varus knee degenerative 
changes of the medial compartment and in those who have 
had a medial meniscectomy [52].

On the other hand cadaveric studies have demonstrated 
contact pressure decrease on lateral and central areas of tro-
chlea [30, 46]. Medial-sided tensioning should be made care-
fully in the patients that anteromedialization has performed 
as the pressure in medial compartment increase in all flexion 
angles for this reason anteromedialization in patients with 
medial-sided defects should be made very carefully [43].

There was no significant difference in outcome between 
the groups, leading the authors to recommend anteromedi-
alization of the tibial tubercle with distalization as an 

effective procedure for both instability and pain due to 
maltracking. Predictors of poor postoperative results were 
postoperative anterior knee pain and a previous realign-
ment procedure [43].

Approach to a skeletally immature patient can sometimes 
be challenging, bony procedures should be avoided until 
maturity. However, as a general principle, if possible, restor-
ing normal anatomy rather than introducing new abnormali-
ties should be kept in mind.

Anteromedialization osteotomy should be combined with 
lateral release because it may increase tensioning lateral reti-
naculum. Lateral retinacular release anteromedialization 
osteotomy and MPFL repair can be done if needed.

a b

c d

Fig. 10 (a–d). Reconstruction of MPFL with gracilis autograft after adductor tubercle avulsion injury in which femoral side is intact. Note that 
the original footprint of patellar origin is used to fix the greft tissue
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Distal Femoral Osteotomy

Femoral malalignment especially in patients with genu val-
gum should always be kept in mind when evaluating a patient 
with patellar dislocation. Generally, distal femoral osteotomy 
is indicated for the patients with increased distal lateral fem-
oral angle that causes genu valgum.

Complications

All known complications of knee surgery are valid for these 
patients too, including arthrofibrosis which is more fre-
quently seen in early cases.

Overview

Patellar dislocation occurs as a result of the presence of pathol-
ogies in soft-tissue restraints, patellofemoral geometry, patell-
ofemoral alignment, or lower extremity alignment and gait. If 
we think about a simple mathematical equation as (−2) 
(−1) = (−3) when we use (−2) for etiological factors, (−1) for 
MPFL injury the result (−3) is less than the existing etiological 
factors (−2), which means that if this knee joint is used without 
any restrictions probability of redislocation will increase.

Yet there is no consensus for treating most of the patholo-
gies. But treatment modalities continue to evolve. Generally, 
nonoperative treatment with patellar bracing is recommended 
for primary patellar dislocations without a loose body. 
However, if the patient already has loose bodies after dislo-
cation arthroscopic removal or possible fixation of the loose 
body is recommended with simultaneously medial repair.

Once these pathoanatomies have been identified for the indi-
vidual patient, a systematic approach to surgical realignment 
and the determination of the components of appropriate surgical 
intervention is then possible.

Nowadays, presence of loose bodies is mostly used as an 
excuse for surgical intervention. But management of MPFL 
injuries without loose bodies surgically should also be taken 
into consideration. Future treatment modalities in patell-
ofemoral instabilities will most probably be dominated by 
surgical interventions more than conservative therapy even 
though there are no free osteochondral fragments.

References

 1. Ahmad, C.S., Brown, G.D., Stein, B.S.: The docking technique for 
medial patellofemoral ligament reconstruction: surgical technique 
and clinical outcome. Am. J. Sports Med. 37(10), 2021–2027 
(2009)

 2. Ali, S., Bhatti, A.: Arthroscopic proximal realignment of the patella 
for recurrent instability: report of a new surgical technique with 1 to 
7 years of follow-up. Arthroscopy 23, 305–311 (2007)

 3. Amis, A.A., Firer, P., Mountney, J., et al.: Anatomy and biomechan-
ics of the medial patellofemoral ligament. Knee 10, 215–220 
(2003). Erratum in: Knee. 2004;11:73

 4. Andrade, A., Thomas, N.: Randomized comparison of operative vs 
nonoperative treatment following first time patellar dislocation. 
Presented at: The European Society of sports traumatology, knee 
surgery and arthroscopy. Rome, Italy (2002)

 5. Atkin, D.M., Fithian, D.C., Marangi, K.S., et al.: Characteristics of 
patients with primary acute lateral patellar dislocation and their 
recovery within the first 6 months of injury. Am. J. Sports Med. 28, 
472–479 (2000)

 6. Beck, P., Brown, N.A., Greis, P.E., et al.: Patellofemoral contact 
pressures and lateral patellar translation after medial patellofemoral 
ligament reconstruction. Am. J. Sports Med. 35, 1557–1563 
(2007)

 7. Berg, E.E., Mason, S.L., Lucas, M.J.: Patellar height ratios. A com-
parison of four measurement methods. Am. J. Sports Med. 24, 
218–221 (1996)

 8. Brattstrom, H.: Shape of intercondylar groove normally and in 
recurrent dislocation of patella. Acta Orthop. Scand. Suppl. 68, 
134–148 (1964)

 9. Buchner, M., Baudendistel, B., Sabo, D., et al.: Acute traumatic 
primary patellar dislocation: long-term results comparing conser-
vative and surgical treatment. Clin. J. Sport Med. 15, 62–66 
(2005)

10. Camanho, G.L., Viegas Ade, C., Bitar, A.C., et al.: Conservative 
versus surgical treatment for repair of the medial patellofemoral 
ligament in acute dislocations of the patella. Arthroscopy 25(6), 
620–625 (2009). Epub 26 Feb 2009

11. Christiansen, S.E., Jakobsen, B.W., Lund, B., et al.: Isolated medial 
patellofemoral repair in primary dislocation of patella: prospec-
tive randomized study. J. Arthrosc. Relat. Surg. 24(8), 881–887 
(2008)

12. Colvin, A.C., West, R.V.: Patellar instability. J. Bone Joint Surg. 
Am. 90(12), 2751–2762 (2008)

13. Cossey, A.J., Paterson, R.: A new technique for reconstructing the 
medial patellofemoral ligament. Knee 12(2), 93–98 (2005)

14. Cowan, S.M., Bennell, K.L., Hodges, P.W.: Therapeutic patellar 
taping changes the timing of vasti muscle activation in people with 
patellofemoral pain syndrome. Clin. J. Sport Med. 12, 339–347 
(2002)

15. Deie, M., Ochi, M., Sumen, Y., et al.: A long-term follow-up study 
after medial patellofemoral ligament reconstruction using the trans-
ferred semitendinosus tendon for patellar dislocation. Knee Surg. 
Sports Traumatol. Arthrosc. 13, 522–528 (2005)

16. Dejour, H., Walch, G., Neyret, P., et al.: Dysplasia of the femoral 
trochlea. Rev. Chir. Orthop. Reparatrice Appar. Mot. 76(1), 45–54 
(1990)

17. Dejour, H., Walch, G., Nove-Josserand, L., et al.: Factors of patellar 
instability: an anatomic radiographic study. Knee Surg. Sports 
Traumatol. Arthrosc. 2, 19–26 (1994)

18. Desio, S.M., Burks, R.T., Bachus, K.N.: Soft tissue restraints to lat-
eral patellar translation in the human knee. Am. J. Sports Med. 26, 
59–65 (1998)

19. Donell, S.T., Joseph, G., Hing, C.B., Marshall, T.J.: Modified 
Dejour trochleoplasty for severe dysplasia: operative technique and 
early clinical results. Knee 13, 266–273 (2006)

20. Doral, M.N., Tetik, O., Atay, O.A., Leblebicio lu, G., Aydo , T., 
Akarcali, I., Kaya, D.: Patellar instability: arthroscopic surgery, indi-
cations and techniques. Acta Orthop. Traumatol. Turc. 38(Suppl. 1), 
119–126 (2004)

21. Elias, J.J., Cosgarea, A.J.: Technical errors during medial patell-
ofemoral ligament reconstruction could overload medial 



Overview of Patellar Dislocations in Athletes 595

 patellofemoral cartilage: a computational analysis. Am. J. Sports 
Med. 34, 1478–1485 (2006)

22. Elias, D.A., White, L.M., Fithian, D.C.: Acute lateral patellar dislo-
cation at MR imaging: injury patterns of medial patellar soft-tissue 
restraints and osteochondral injuries of the inferomedial patella. 
Radiology 225, 736–743 (2002). 2760

23. Ellera Gomes, J.L., Stigler Marczyk, L.R., César de César, P., 
Jungblut, C.F.: Medial patellofemoral ligament reconstruction with 
semitendinosus autograft for chronic patellar instability: a follow-
up study. Arthroscopy 20(2), 147–151 (2004)

24. Farr, J., Schepsis, A.A.: Reconstruction of the medial patellofemo-
ral ligament for recurrent patellar instability. J. Knee Surg. 19, 
307–316 (2006)

25. Felus, J., Kowalczyk, B., Lejman, T.: Sonographic evaluation of the 
injuries after traumatic patellar dislocation in adolescents. J. Pediatr. 
Orthop. 28(4), 397–402 (2008)

26. Fithian, D.C., Paxton, E.W., Stone, M.L., et al.: Epidemiology and 
natural history of acute patellar dislocation. Am. J. Sports Med. 32, 
1114–1121 (2004)

27. Flandry, F., Hunt, J.P., Terry, G.C., et al.: Analysis of subjective 
knee complaints using visual analog scales. Am. J. Sports Med. 19, 
112–118 (1991)

28. Fulkerson, J.P.: Diagnosis and treatment of patients with patell-
ofemoral pain. Am. J. Sports Med. 30, 447–456 (2002)

29. Fulkerson, J.P., Becker, G.J., Meaney, J.A., et al.: Anteromedial 
tibial tubercle transfer without bone graft. Am. J. Sports Med. 18(5), 
490–496 (1990)

30. Gomes, J.E.: Comparison between a static and a dynamic technique 
for medial patellofemoral ligament reconstruction. Arthroscopy 
24(4), 430–435 (2008)

31. Hallén, L.G., Lindahl, O.: The “screw-home” movement in the 
knee-joint. Acta Orthop. Scand. 37, 97–106 (1966)

32. Harilainen, A., Myllynen, P., Antilla, H., et al.: The significance of 
arthroscopy and examination under anesthesia in the diagnosis of 
fresh injury haemarthrosis of the knee joint. Injury 19, 21–24 (1988)

33. Hawkins, R.J., Bell, R.H., Anisette, G.: Acute patellar dislocations. 
The natural history. Am. J. Sports Med. 14, 117–120 (1986)

34. Heywood, A.: Recurrent dislocation of patella. JBJS 43B, 508–517 
(1961)

35. Hooiveld, M.J., Roosendaal, G., Jacobs, K.M., et al.: Initiation of 
degenerative joint damage by experimental bleeding combined with 
loading of the joint: a possible mechanism of hemophilic arthropa-
thy. Arthritis Rheum. 50(6), 2024–2031 (2004)

36. Hooiveld, M.J., Roosendaal, G., van den Berg, H.M., et al.: 
Haemoglobin derived iron-dependent hydroxyl radical formation in 
blood-induced joint damage: an in vitro study. Rheumatology 42(6), 
784–790 (2003)

37. Hooiveld, M., Roosendaal, G., Vianen, M., et al.: Blood-induced 
joint damage: longterm effects in vitro and in vivo. J. Rheumatol. 
30(2), 339–344 (2003)

38. Insall, J., Falvo, K.A., Wise, D.W.: Chondromalacia patellae.  
A prospective study. J. Bone Joint Surg. Am. 58(1), 1–8 (1976)

39. Kirsch, M.D., Fitzgerald, S.W., Friedman, H., et al.: Transient lat-
eral patellar dislocation: diagnosis with MR imaging. AJR Am. J. 
Roentgenol. 161, 109–113 (1993)

40. Kolowich, P.A., Paulos, L.E., Rosenberg, T.D., et al.: Lateral release 
of the patella: indications and contraindications. Am. J. Sports Med. 
18, 359–365 (1990)

41. Krödel, A., Refior, H.J.: Patellar dislocation as a cause of osteo-
chondral fracture of the femoro-patellar joint. Unfallchirurgie 16(1), 
12–17 (1990)

42. Kujala, U.M., Jaakkola, L.H., Koskinen, S.K., et al.: Scoring of 
patellofemoral disorders. Arthroscopy 9, 159–163 (1993)

43. Kuroda, R., Kambic, H., Valdevit, A., et al.: Articular cartilage con-
tact pressure after tibial tuberosity transfer. A cadaveric study.  
Am. J. Sports Med. 29, 403–409 (2001)

44. Lattermann, C., Toth, J., Bach Jr., B.R.: The role of lateral retinacu-
lar release in the treatment of patellar instability. Sports Med. 
Arthrosc. 15, 57–60 (2007)

45. LeGrand, A.B., Greis, P.E., Dobbs, R.E., et al.: MPFL reconstruc-
tion. Sports Med. Arthrosc. 15(2), 72–727 (2007)

46. Lysholm, J., Gillquist, J.: Evaluation of knee ligament surgery 
results with special emphasis on use of a scoring scale. Am. J. 
Sports Med. 10, 150–154 (1982)

47. Madhok, R., Bennett, D., Sturrock, R.D., et al.: Mechanisms of 
joint damage in an experimental model of hemophilic arthritis. 
Arthritis Rheum. 31(9), 1148–1155 (1988)

48. Maenpaa, H., Lehto, M.U.: Patellar dislocation. The long-term 
results of nonoperative management in 100 patients. Am. J. Sports 
Med. 25, 213–217 (1997)

49. McConnell, J.: Rehabilitation and nonoperative treatment of patel-
lar instability. Sports Med. Arthrosc. 15, 95–104 (2007)

50. Merchant, A.C., Mercer, R.L., Jacobsen, R.H., et al.: 
Roentgenographic analysis of patellofemoral congruence. J. Bone 
Joint Surg. Am. 56, 1391–1396 (1974)

51. Mountney, J.W., Senavongse, A.A., Amis, N., et al.: Tensile strength 
of the medial patellofemoral ligament before and after repair or 
reconstruction. J. Bone Joint Surg. Br. 87-B, 36–40 (2005)

52. Mulford, J.S., Wakeley, C.J., Eldridge, J.D.: Assessment and man-
agement of chronic patellofemoral instability. J. Bone Joint Surg. 
Br. 89, 709–716 (2007)

53. Nam, E.K., Karzel, R.P.: Mini-open medial reefing and arthroscopic 
lateral release for the treatment of recurrent patellar dislocation: a 
medium-term follow-up. Am. J. Sports Med. 33, 220–230 (2005)

54. Nietosvaara, Y., Aalto, K., Kallio, P.: Acute patellar dislocation in 
children: incidence and associated osteochondral fractures.  
J. Pediatr. Orthop. 14, 513–515 (1994)

55. Nikku, R., Nietosvaara, Y., Aalto, K., et al.: Operative treatment of 
primarily patellar dislocation does not improve medium-term out-
come: a 7-year follow-up report and risk analysis of 127 random-
ized patients. Acta Orthop. 76, 699–704 (2005)

56. Nikku, R., Nietosvaara, Y., Kallio, P.E., et al.: Operative versus closed 
treatment of primary dislocation of the patella. Similar 2-year results 
in 125 randomized patients. Acta Orthop. Scand. 68, 419–423 (1997)

57. Nomura, E.: Classification of lesions of the medial patello-femoral 
ligament in patellar dislocation. Int. Orthop. 23(5), 260–263 
(1999)

58. Nomura, E., Horiuchi, Y., Inoue, M.: Correlation of MR imaging 
findings and open exploration of medial patellofemoral ligament 
injuries in acute patellar dislocations. Knee 9, 139–143 (2002)

59. Nomura, E., Horiuchi, Y., Kihara, M.: A mid-term follow-up of 
medial patellofemoral ligament reconstruction using an artificial 
ligament for recurrent patellar dislocation. Knee 7(4), 211–215 
(2000)

60. Nomura, E., Inoue, M.: Hybrid medial patellofemoral ligament 
reconstruction using the semitendinosus tendon for recurrent patel-
lar dislocation: minimum 3 years’ follow-up. Arthroscopy 22(7), 
787–793 (2006)

61. Ostermeier, S., Holst, M., Bohnsack, M., et al.: In vitro measure-
ment of patellar kinematics following reconstruction of the medial 
patellofemoral ligament. Knee Surg. Sports Traumatol. Arthrosc. 
15, 276–285 (2007)

62. Palmu, S., Kallio, P.E., Donell, S.T., et al.: Acute patellar disloca-
tion in children and adolescents: a randomized clinical trial. J. Bone 
Joint Surg. Am. 90, 463–470 (2008)

63. Palmu, S., Kallio, P.E., Simon, T.D., et al.: Acute patellar disloca-
tion in children and adolescents. A randomized clinical trial. JBJS 
90(3), 463–470 (2008)

64. Panagopoulos, A., van Niekerk, L., Triantafillopoulos, I.K.: MPFL 
reconstruction for recurrent patella dislocation: a new surgical tech-
nique and review of the literature. Int. J. Sports Med. 29, 359–365 
(2008)



596 U. Haklar and T.K. Ülkü 

65. Ricchetti, E.T., Mehta, S., Sennett, B.J., et al.: Comparison of lat-
eral release versus lateral release and medial soft tissue realignment 
for the treatment of recurrent patellar instability arthroscopy.  
J. Arthrosc. Relat. Surg. 23(5), 463–468 (2007)

66. Sanders, T.G., Morrison, W.B., Singleton, B.A., et al.: Medial patel-
lofemoral ligament injury following acute transient dislocation of 
the patella: MR findings with surgical correlation in 14 patients.  
J. Comput. Assist. Tomogr. 25, 957–962 (2001)

67. Schottle, P.B., Fucentese, S.F., Pfirrmann, C., et al.: Trochleaplasty 
for patellar instability due to trochlear dysplasia: a minimum 2-year 
clinical and radiological follow-up of 19 knees. Acta Orthop. 75, 
693–698 (2005)

68. Schöttle, P.B., Fucentese, S.F., Romero, J.: Clinical and radiological 
outcome of medial patellofemoral ligament reconstruction with a 
semitendinosus autograft for patella instability. Knee Surg. Sports 
Traumatol. Arthrosc. 13(7), 516–521 (2005)

69. Seil, R., Muller, B., Georg, T., et al.: Reliability and interobserver 
variability in radiological patellar height ratios. Knee Surg. Sports 
Traumatol. Arthrosc. 8, 231–236 (2000)

70. Sillanpää, P.J., Mattila, V.M., Mäenpää, H., et al.: Treatment with 
and without initial stabilizing surgery for primary traumatic patellar 
dislocation. A prospective randomized study. J. Bone Joint Surg. 
Am. 91(2), 263–273 (2009)

71. Sillanpää, P., Mattila, V.M., Visuri, T., et al.: Ligament reconstruc-
tion versus distal realignment for patellar dislocation. Clin. Orthop. 
Relat. Res. 466(6), 1475–1484 (2008)

72. Sillanpää, P.J., Peltola, E., Mattila, V.M., et al.: Femoral avulsion of 
the medial patellofemoral ligament after primary traumatic patellar 
dislocation predicts subsequent instability in men: a mean 7-year 
nonoperative follow-up study. Am. J. Sports Med. 37(8),  
1513–1521 (2009). Epub 17 Apr 2009

73. Steiner, T.M., Torga-Spak, R., Teitge, R.A.: Medial patellofemoral 
ligament reconstruction in patients with lateral patellar instability 
and trochlear dysplasia. Am. J. Sports Med. 34, 1254–1261 (2006)

74. Tegner, Y., Lysholm, J.: Rating systems in the evaluation of knee 
ligament injuries. Clin. Orthop. Relat. Res. 198, 43–49 (1985)

75. Thaunat, M., Erasmus, P.J.: The favourable anisometry: an original 
concept for medial patellofemoral ligament reconstruction. Knee 
14(6), 424–428 (2007)

76. Tom, A., Fulkerson, J.P.: Restoration of native medial patellofemo-
ral ligament support after patella dislocation. Sports Med. Arthrosc. 
15, 68–71 (2007)

77. Trikha, S.P., Acton, D., O’Reilly, M., et al.: Acute lateral disloca-
tion of the patella: correlation of ultrasound scanning with operative 
findings. Inj. Int. J. Care Injured 34, 568–571 (2003)

78. Vahasarja, V., Kinnunen, P., Lanning, P., et al.: Operative realign-
ment of patellar malalignment in children. J. Pediatr. Orthop. 15, 
281–285 (1995)

79. Van Huyssteen, A.L., Hendrix, M.R., Barnett, A.J., et al.: Cartilage-
bone mismatch in the dysplastic trochlea. An MRI study. J. Bone 
Joint Surg. Br. 88(5), 688–691 (2006)

80. Von Knoch, F., Bohm, T., Burgi, M.L., et al.: Trochleaplasty for 
recurrent patellar dislocation in association with trochlear dyspla-
sia. A 4- to 14-year follow-up study. J. Bone Joint Surg. Br. 88, 
1331–1335 (2006)

81. Watanabe, A., Obata, T., Ikehira, H., Ueda, T., Moriya, H., Wada, Y.: 
Degeneration of patellar cartilage in patients with recurrent patellar 
dislocation following conservative treatment: evaluation with 
delayed gadolinium-enhanced magnetic resonance imaging of car-
tilage. Osteoarthritis Cartilage 17(12), 1546–1553 (2009). Epub 18 
May 2009

82. West, R.V.: NFL physician’s society survey. Unpublished data 
(2008)

83. Zazulak, B.T., Hewett, T.E., Reeves, N.P., et al.: The effects of 
core proprioception on knee injury: a prospective biomechanical- 
epidemiological study. Am. J. Sports Med. 35(3), 368–373 
(2007)



M.N. Doral et al. (eds.), Sports Injuries,  
DOI: 10.1007/978-3-642-15630-4_81, © Springer-Verlag Berlin Heidelberg 2012

597

Arthroscopic Patellar Instability Surgery

Mahmut Nedim Doral, Egemen Turhan, Gürhan Dönmez,  
Özgür Ahmet Atay, Akın Üzümcügil, Mehmet Ayvaz,  
Nurzat Elmalı, and Defne Kaya 

Knee joint is an area of joint pain which is the most 
frequent reason for seeking medical advice. An important 
incidence of the pain arises from patellofemoral (PF) disor-
ders. The term patellofemoral pain syndrome is used to 
define the clinical cases which cause pain on the front part 
of the knee relating to the changes in PF joint.

PF joint is the part of the human muscle-skeleton system 
on which the burden is loaded most [11]. It has been deter-
mined that 3.3 times of body weight is loaded on PF joint 
during activities such as climbing or going down the stairs, 
whereas 7.6 times of body weight is loaded on it during 
crouching and 20 times during jumping [28]. Quadriceps 
muscle power increases by 30% during full extension. Patella, 
which is the largest sesamoid bone of the body, has the thick-
est cartilage in the body with a thickness of 6–7 mm and it 
provides the main leverage point of the knee extensor mecha-
nism [38]. Hyaline cartilage reduces the friction coefficient 
of the extensor mechanism (for this neighborhood) thanks to 
the joint neighborhood. Total amount of these powers in full 
extension is balanced at PF joint level as tensile force and 
that is called “patellofemoral joint reaction force.” In short, 
it is specified as F1 (quadriceps tendon vector) = F2 (patellar 
tendon) vector junction. It has a size of 100 + 20 kg [11].

Patellofemoral disorders are generally examined in three 
groups:

1. Pain due to soft tissue disorders
2. Patellar instability
3. Patellofemoral osteoarthritis

Patellar instabilities, namely “patellar balance disorders,” 
are the most important of the subjects challenging knee sur-
geons in recent years. Patellar instability is a subjective term 
defining pain, blockage, and twisting clinically due to dete-
rioration of static and dynamic knee extensor mechanism. 
It is possible to divide the “patellar instability” title, which 
is also the main subject of this review, into four subtitles: 
subluxation (half-dislocation) luxation (full dislocation), 
patella infera (patella below – “patella baja”), and patella 
supera (patella above – “patella alta”) [3, 11].

Patellar laxity or looseness is another term and it may 
come to us only as a clinical finding without any subjective 
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symptoms. This finding, which is more prevalent in children, 
begins to decrease with age. These individuals can use their 
extensor mechanisms with a powerful muscle balance and 
proprioception without any symptoms developing. To sum 
up, patellar instability, which is used as a subjective term, is 
formed during dynamic position and patellar laxity appears 
as an objective finding.

Patellar subluxation and luxation: Patella dislocation 
incidence has been reported as 5.8 in 100,000 people. This 
rate is approximately five times more between ages 10 and 
17 [4, 13]. It is reported that 15–44% of the acute dislocation 
cases, which are treated with conservative approaches, repeat 
[16]. Acute patella dislocations may occur directly or indi-
rectly. Patella may be forced to the lateral in direct injuries. 
Medial dislocations are and typically iatrogenic. This results 
from lateral relaxation due to inadequate technical applica-
tion and excess medialization. Dislocation develops fre-
quently. Acute patella dislocations are examined in two 
groups as recurrent (after traumatic dislocation) and habitual 
and it is an important situation that causes instability. Habitual 
dislocations may be related to collagen tissue and collagen 
structure of the individual and it is more commonly seen in 
cases of Down syndrome, multiple epiphyseal dysplasia, 
Ehlers–Danlos syndrome which has general joint and tissue 
laxity. Under the title of “continuous patella dislocations” in 
his book, Fulkerson mentions congenital and acquired forms 
of it and defines the habitual type as recurrent dislocations 
[14]. The most important point to know here is that quadri-
ceps fibrosis and soft tissue stiffness around the knee may 
not be seen in all cases. While device equipping, quadriceps 
and vastus medialis obliquus reinforcement is recommended 
for the traditional conservative approaches of Patella disloca-
tions, surgery is preferred in cases of recurrent instabilities 
and acute osteochondral fractures [31]. You should bear in 
mind that lateral condyle cartilage damage may develop 
approximately in 30% of the acute dislocations [24]. Many 
researchers recommend early surgery to prevent a possible 
development of instability because of its high recurrence rate 
[1]. It is observed that pain complaints persist in most patients 
even if early surgery corrections decrease the recurrence.

Patella infera and patella supera: Patella height may be 
evaluated with direct or indirect methods. Indexes such as 
“Insall-Salvati,” “Blackburne-Peel,” and “Caton-Deschamps” 
are the indirect methods that assess the patella height accord-
ing to patellar tendon length and tibia proximal. Blumensaat 
line is drawn on the linear opacity image that the intercondy-
lar notch top forms on lateral knee graphy. In Blumensaat 
method, distance of lower patella pole to that line is mea-
sured in millimeters and patella height is assessed. Normally, 
lower patella pole needs to be the continuation of Blumensaat 
line. Patella supera is at a distance more than 10 mm above 
the line whereas patella infera is at a distance more than 
10 mm below the line [35]. Insall-Salvati index is measured 

by dividing the distance between lower patella pole and the 
adherence location of patellar tendon to tuberositas tibia by 
the longest diameter between higher back ends and lower 
front ends of the patella. Greater than 1.2 is considered as 
patella supera whereas <0.8 is considered as patella infera 
for that index which has a normal value of 1 [33]. Modified 
Insall-Salvati index is the rate of joint surface length of the 
patella to distance between the most distal point of the patella 
joint surface and adherence point of patellar tendon to tuber-
ositas tibia. It is considered in favor of patella infera if this 
index, normally which should be below 2, has a value of >2. 
Sometimes this technique may provide erroneous results 
since tibia tubercle does not have sufficient significance. 
Blackburne-Peel index is estimated by dividing the straight 
distance between the lowest point of the patella joint surface 
and the tangential line passing through the surface of joint 
surface of the tibia to the length of patella joint surface. 
Normal value of the index is 0.8; >1 is considered as patella 
supera whereas <0.5 is considered as patella infera. According 
to some authors, patellar tendon length is another factor that 
causes instability [21].

We can examine the cases that cause the abovementioned 
situations which will result in patellar instability in three 
groups:

1. Local reasons: Trochlear trough failure, undeveloped or 
small patella, patella being higher or lower, medial patel-
lofemoral ligament (MPFL) damage, vastus medialis 
obliquus muscle insufficiency, stretched outer retinacu-
lum and capsule.

2. Sub-morphotype disorders: Increased femoral anteversion 
and Q angle, genu valgum, genu varum, genu recurvatum, 
increased tibial inner rotation as well as tibia varan, valgus 
deformity, and increased tibial outer rotation and accom-
panying pronated foot.

3. General reasons: Situations such as Ehlers-Danlos syn-
drome, multiple epiphyseal dysplasia, nail-patella syn-
drome, general body joint hyperlaxity and “short rectus 
femoris muscle” not relevant to CP carries on from the 
childhood age and they may cause PF problems or patellar 
balance disorders in advancing ages.

Diagnosis

Taking detailed history and making a careful physical examina-
tion is conditional to diagnose these patients accurately and to 
successfully treat them. Clinical observation and treatment find-
ings are quite helpful in diagnosing patellar instability. Squinting 
patella, which results from two patellas turning inward while 
the patient is standing and which shows parallelism with inward 
torsion of the lower extremities during walking; foot deformity, 
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which develops due to skeletal system lower morphotype disor-
der (pronated feet); Q angle measurement; grasshopper patella, 
which is the typical symptom of bilateral subluxated knees and 
T-sulcus angle need to be certainly assessed as major ones.

While assessing the knee joint, especially bony tissues 
(shape of patella, sulcus, and lateral condyle) and soft tissues 
in active and passive dynamic positions (outer capsule, 
MPFL, quadriceps, patellar tendon) should be considered 
together. While examining the biomechanics of the knee 
joint, it is observed that it makes gliding in flexion movement 
(patellar rotation with medial and lateral translation), rotation 
(internal and external rotation), and translocation and some 
rotation [30]. Patellar tilt, apprehension test, and PF grinding 
(patellar grinding) test are the treatment methods that are 
important for the assessment of PF joint. Passive patellar tilt 
test is a test that shows lateral retinacular tension and nor-
mally the angle of patella lateral edge is parallel to the ground. 
Patella should be able to be turned 10–15° toward the medial. 
Otherwise, lateral retinacular tension will occur. Apprehension 
test is a valuable test for recurrent patella dislocation cases. 
While the knee is in a flexion of 30°, patella is pushed from 
the medial to the lateral by applying force. The patient will be 
afraid during this and he/she will try to prevent the movement 
from carrying on by active quadriceps contraction. PF grind-
ing (patellar grinding) is a static test. It is desired to reveal the 
existence of retropatellar pathology by active quadriceps con-
traction. While we are examining a patient with patellar insta-
bility, a very important point here is that we should not focus 
only on the knee region and we should not ignore the exami-
nation of pelvic and spinal stabilizers with the knowledge of 
the fact that distal alignment starts from g L5 to S1 vertebrae. 
Hip joints losing the normal torsion and being in retrovert or 
anteversion positions in transverse plan will affect the whole 
alignment of the lower extremity and thus may cause possible 
patellar instability. Similarly, finding hallux valgus in a per-
son increases the subtalar joint pronation and cause PF joint 
problems and also patellar instability later on [17, 19].

Axis of the PF joint is determined with Q angle. This is 
the angle between the midpoint of spina iliaca anterior supe-
rior and patella and the lines that connect this point to tuber-
ositas tibia. Normal values of this angle is 8–14° for men 
and 11–20° for woman and values exceeding 20° will be 
accepted as abnormal. The reason why this angle has higher 
values for women is that they have a wider pelvis and there 
is an increase in knee valgus.

However, it should be borne in mind that the clinical mea-
surement of Q angle is made in static environment. It is very 
difficult to dynamize. The question of how much the “walking 
analysis” will help has not found a satisfying answer. Situations 
increasing this angle may cause patellar instability. Dislocation 
risk of the patella is more in full extension since Q angle is in 
full extension. Same angle in dynamic position will be assessed 
during 0–30° flexion. In case of an increased Q angle 

femoral anteversion, external tibial torsion, genu valgum, 
and tibial tubercle lateralization should be considered [29].

In addition to history and physical treatment, various mon-
itoring methods are also important for diagnosis. Together 
with the abovementioned methods, neighborhood of the 
patella with femoral sulcus is observed in tangential graphies 
at 30°, 45°, 60°, and 90° flexions in dynamic positions. 
Hughston sulcus angle has been determined as 118° and 
Merchant sulcus angle has been determined as 138° in defin-
ing trochlear failures [10]. Crossing sign in side graphies, 
which is the line reaching to anterior face of the condyle from 
the deep part of the trochlear trough, shows the supratrochlear 
protrusion and the double boundary appearance (trochlear hump) 
shows hypoplastic condyle and trochlear trough failure [7]. 
More advanced monitoring methods such as computed tomog-
raphy (CT) and magnetic resonance imaging (MRI) may be 
used when necessary. Generally, MRI is applied with X-ray if 
there is a suspected osteochondral fracture at medial facet 
level. Also, in cases of acute traumatic patellar dislocations 
MRI method is superior to other methods. Direct radiologic 
methods do not help in most cases since many of the cases 
come to us in a spontaneously reduced manner. Determining 
the existence of an edema secondary to the contusion in medial 
patellar facet and in lateral femoral condyle by means of MRI 
and damaging the integrity of medial patellofemoral ligament 
not only reinforces the patellar dislocation diagnosis but also 
helps with planning the treatment.

Arthroscopy is a necessary attempt for dynamic diagnosis 
and treatment relating to PF joint problems, especially patel-
lar instability [9]. The importance of cine-arthroscopy, under 
epidural anesthesia, for actively determining all joint move-
ments and revealing the dynamic neighborhood that patella 
has with sulcus is unquestionable. Also, the interior joint 
structure of the cartilage tissue may be monitored with this 
method. A 70° scope should be used in cine-arthroscopy and 
the joint should be entered through the outer edge of the 
surapatellar cavity. Other than inflating the joint with liquid, 
PF neighborhood may be monitored while the joint is idle. 
While making the assessment, knee flexion and extension is 
required from the patient and dynamic position of patella is 
monitored in 0°, 30°, 45°, 60° flexions. Thus, following the 
arthroscopic alignment of the patella the same images will be 
rechecked and overcorrection will be prevented and the rate 
of arthroscopic correction will be increased.

Treatment

To obtain successful results in patellar instability treatment and 
knee surgery and arthroscopy specialists should work in abso-
lute harmony with physical therapy and rehabilitation team. 
Treatment must be carried out with conservative methods at 



600 M.N. Doral et al.

the beginning and nonsteroid anti-inflammatory drugs, devices, 
and physical treatment proprioceptive physiotherapy should 
be applied. The importance of brain–patella coordination 
should be explained to the patient very well and the difficulty 
of this should be notified both before and after the surgical 
treatment. Surgery has been carried out in some patients with-
out teaching them this coordination and failed results were 
being obtained. It has been determined that most of the patellar 
instability patients have weakness in gluteal muscles [4]. 
Weakness in gluteal muscles because of adduction and inner 
rotation of femur during load-bearing activities thus lays the 
groundwork for instability. For this reason, most of the time 
reinforcement of the gluteal muscles or banding that draw 
the hip to external rotation should be added to the treatment. 
While most of the PF diseases respond to the conservative 
methods, various techniques such as lateral relaxation, medial 
reinforcement and MPFL reconstruction, proximal and distal 
alignment procedures, femoral sulcus osteotomy, condylo-
plasty, patellar osteotomy, autologous chondrocyte transplan-
tation, patellectomy can be applied as surgical treatment 
alternatives. That is to say, no treatment method has been 
defined yet as the golden standard of patellar instability treat-
ment. It is hard to compare them since there are differences 
between the methods of the studies made on this area and so 
prospective randomized clinical studies are needed. As the only 
prospective randomized study in the literature, which compared 
the nonoperative and operative methods in acute instability 
treatment, Nikku et al. were not able to find significant differ-
ences in terms of recurrent instability with their follow-ups of 
2–5 years and they have recommended to treat the patients with 
nonoperative conservative methods at the beginning [22].

Under the title of “wrong alignment types” in their BT 
examinations in chronic cases, Schutzer et al. have specified 
the surgery principles according to tilt, subluxation, and car-
tilage damage [32]. However, our clinic experiences show 
that patella supera can also cause some subluxation cases. 
Classic “wrong alignment types” are divided into three main 
groups as follows: (1) Subluxation without tilt, (2) sublux-
ation with tilt, (3) tilt without subluxation.

Minor or major surgeries or both of these are applied in 
subluxation with tilt (where the patella is supera or not). 
Attempts such as outer retinacular or capsular loosening, 
medial placation, anteromedial transposition and/or dis-
talization and/or proximalization of tuberositas tibia are 
made.

In the cases such as increased Q angle, common hyperlax-
ity, hypermobile patella, genu varum, valgum or recurvatum 
on 3°, excess internal–external tibial torsion, high femoral 
anteversion, and severely pronated foot patellar alignment 
should be done with open surgery instead of arthroscopic 
attempts. However, it should be borne in mind that irrational 
surgery applications could cause irrecoverable problems in 
knee extensor mechanism.

Lateral relaxation in our clinic is implemented with 
arthroscopic control. Capsular lateral relaxation may be done 
for the patients who do not have too much joint laxity and/or 
with whom subluxation is observed. Capsule should be cut 
from the surface of patella higher pole to distal by means of a 
scissors, cautery, or laser. Patella needs to be pushed approxi-
mately toward 90° after lateral relaxation [10]. Lateral relax-
ation may be applied in combination with methods such as 
MPFL reconstruction or medial plication if the distance 
between tibial tubercle-trochlear trough is below 20 mm and 
there are some PF degenerative changes [36]. Even if it is 
reported in recent publications that isolated lateral relaxation 
technique provided successful results when it is applied in 
patellar compression syndrome, it is not highly recommended 
in the treatment of patellar instability [4, 18]. Lateral relax-
ation should not be done if patient has distal patellar cartilage 
lesion and medial stabilization should be taken care of if there 
is medial patellar cartilage lesion. Otherwise, these lesions 
will be triggered and PF osteoarthritis risk will be increased.

Arthroscopic medial plication technique is applied in our 
clinic in cases of patellar instability. There are some studies 
which report very good functional results and very low rate 
of “redislocation” after arthroscopic medial plication in 
treatment of cases with recurrent patellar instability [2, 20]. 
Indications of this technique are extensor mechanism hav-
ing a normal kinetic, where there are no serious changes in 
terms of patella shape and femoral sulcus angle, Q angle is 
significant between 20° and 40°, and there is no three-
dimensional axis disordered especially at serious levels. 
Also in the cases with severe joint looseness, firstly abso-
lutely accelerated proprioceptive physiotherapy should be 
preferred (Fig. 1). Arthroscopy attempt should be consid-
ered by the surgeons with patients who have sufficient mus-
cle power and control and especially who have recurrent 
patellar instability or an osteochondral fracture on patellar 
or at the lateral edge of intertrochlear trough. It may also be 
considered with the first dislocation of a sportsman who 

Fig. 1 A patient of ours with severe joint looseness
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plans to return to sports in a short period of time. Attention 
must be paid on arthroscopic corrections in case of excess 
joint looseness, severe cartilage and bone tissue damages, 
patella infera-supera, and “regional pain syndrome,” that is, 
reflex sympathetic dystrophy cases. In addition to proximo-
distal and medio-lateral corrections in cases of lower 
extremities with bad alignment, lateral condyloplasty, tro-
chleaplasty, tuberositas tibia anteriorization and/or antero-
medialization as Marguet and Fulkerson specified should be 
done with open surgery techniques [7, 9, 15].

Medial facet fractures are more likely in recurrent disloca-
tion cases. Calcification image may be confused with the 
fracture in the cases where MPFL rupture is from the adher-
ence location to medial facet. Ruptures form in medial cap-
sule, medial patellotibial ligament, and MPFL as a result of 
patella dislocation after a trauma. MPFL is the primary rein-
forcing ligament of patella’s medial stability [8]. Anatomically, 
it originates from adductor tubercle, medial epicondyle, and 
medial collateral ligament and lies upon two-thirds of the 
medial patellar edge. The most important one of the three 
layers in medial in the knee anatomy defined by Warren and 
Marshall, that is, the second of them, is formed by MPFL 
[37]. Size and power of this extrasynovial ligament which is 
observed as 90% in cadaver studies are variant and it has a 
shape of sandglass and its average width is 13 mm [5]. In 
another study, it has been shown that the power required to 
draw the patella to lateral by 10 mm had decreased by 50% 
after cutting medial structures [34]. MPFL is surely damaged 
by patella dislocations and it has been determined that it is 
damaged by adductor tubercle which has an approximate 
femoral origin of 50–80% [23]. Recent approaches mostly 
recommend its correction or reconstruction.

With the developing techniques, MPFL reconstruction 
has gained importance. Many authors underline the impor-
tance of reinforcing the medial side in the anatomical correc-
tion of lateral instability. Anatomical attempts may not be 
done in the cases where there are no cartilage lesions and 
severe hemarthrosis. For active sportsmen, MPFL correction 
should be done following the arthroscopic joint debridement. 
However, it should be borne in mind that hemarthrosis 
exceeding 20 ml may be because of severe cartilage damage. 
In such cases, lavage, cartilage assessment, and correction of 
MPFL and medial capsule which has lost its integrity should 
be done primarily with arthroscopic control especially after 
first dislocation [9]. Vastus medialis obliquus muscle should 
be absolutely taken into consideration because of its impor-
tance in dynamic medial stabilization [1].

MPFL reconstruction has an advantage of showing the 
damage in adductor tubercle. No agreement has been reached 
in terms of graft selection and graft localization regarding 
previously described adductor magnus autograft, semitendi-
nosus autograft and allograft, tibialis anterior allografts [6]. 
We need to be careful during MPFL reconstruction in terms 

of possible patella fractures that may develop during graft 
fixation. Dynamic reconstruction of MPFL is preferred to 
static reconstruction [25, 27].

We can summarize the technique we implemented in our 
clinic as follows:

1. Topographic drawing of MPFL is done while the knee is 
in 30° flexion.

2. Arthroscopic entrance is made from anterolateral portal. 
MPFL is not seen in this location because it is out of capsule. 
Suturess are directed by knowing its anatomic impression.

3. In case of small amount of knee flexion, sutures start to be 
made preferably with #5 PDS (absorbable sutures some-
times anchors, especially absorbable one is preferable), 
before the adductor tubercle level and by passing them thor-
ough a position out of the capsule and under the skin (Fig. 2). 
Intra-articular section is entered by patella medial side and 
adductor tubercle, which is also the starting point, is reached 
again and three individual sutures are done at three levels 
from upside down and adductor is determined at tubercle 
level while knots are at 30°flexion (Figs. 3a and 3b). No 
forcing that pushes the patella to medial should be imple-
mented. In this technique, direct procedures are done in 
case of acute dislocations whereas same procedure is done 
with chronic ones by cutting medial capsule with radiofre-
quency. Lateral capsular relaxation absolutely should not be 
done if the outer tissues are not tensile.

4. Physiotherapy is started in a short time after post-op com-
pression. No devices are used.

Most important advantages of arthroscopic PF correction are 
that it has a low morbidity and small scar tissues because of 
minimal invasive attempts; it provides a chance for easy revi-
sion; it allows early movement; and it has a low cost and a 
short hospital time [2, 11]. Major complications of the method 
in early period are hemarthrosis, overcorrection, and cartilage 

Fig. 2 Determination of anchor suture on adductor tubercle
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damage whereas its major complications in the late period 
are frontal knee pain, reflex sympathetic dystrophy, recur-
rent dislocations, and PF osteoarthritis. Knowing the knee 
biomechanics well and planning before a detailed operation 
are basic elements while preventing these complications. 
Besides, even if MPFL reconstruction provides more stabil-
ity when compared to medial tubercle transfer in biome-
chanical terms, it is insufficient regarding osteosis problems 
and it causes for excess burden to be loaded on medial PF 
cartilage [12, 26]. Making the knots of sutures without outer 
capsular relaxation and while the knee is at 30° flexion is 
the most important stage of the technique in arthroscopic 
medial approach. Otherwise, we may encounter medial 
overcorrection and medial tilt as a complication which is 
hard to revise.

Conclusion

Patellar instability is an area the perspective and treatment of 
which develops constantly. While most of the cases make 
use of conservative treatment, surgical attempts should obtain 
successful results if they are implemented by experienced 
doctors. Planning for underlying pathology should be done 
in the selection of treatment method. Otherwise, we will 
encounter PF osteoarthritis and limitation of movement as 
inevitable results with long-term follow-up. Besides, it 
should be borne in mind that irrational surgical treatment 
implementation will cause some situations on knee extensor 
mechanism which are impossible to recover from. The most 
important elements in patella surgery, which is a job as fine 
as tuning a musical instrument, are philosophy and experi-
ence of the surgeon and the tissue quality of the patient.
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MPFL Reconstruction

Masataka Deie and Mitsuo Ochi 

Introduction

Biomechanical studies have shown that the medial patell-
ofemoral ligament (MPFL) provides the main restrain against 
lateral patellar dislocation and displacement. It is recognized 
that MPFL stabilizes the patella and prevents lateral patellar 
dislocation, and thus is the primary restraint in lateral patel-
lar dislocation [1, 13, 18]. It also has been shown that the 
MPFL provides 50–60% of the medial patella-stabilizing 
force biomechanically [2, 6, 9]. MPFL reconstruction has 
become an accepted surgical technique for the restoration of 
patellofemoral stability. It is known that a nonanatomical 
reconstruction of the MPFL can lead to nonphysiological 
patellofemoral pressure and abnormal patellar tracking. The 
goal of surgical intervention should be anatomical recon-
struction. In this chapter, MPFL anatomy, generic MPFL 
reconstruction as well as our current MPFL reconstruction 
procedure are shown.

MPFL Anatomy

In the medial knee, there are three layers: the first corre-
sponds to the superficial retinaculum; the second to the 
MPFL and medial collateral ligament; the third to the 
medial patellotibial ligament and the medial patellomenis-
cal ligament [18].

The MPFL extends from the superior two-thirds of the 
patellar medial edge to the femoral insertion. For MPFL 
reconstruction, the femoral insertion is the critical portion of 
this procedure, since it allows isometric adjustments of the 
graft, resulting in a good clinical outcome. Current anatomi-
cal studies show that the femoral insertion site is located 
between the adductor tubercle and the medial femoral epi-
condyle (Fig. 1) [11, 15, 16]. From these results, the recom-
mended positions are 10 mm distal to the adductor tubercle 
and 5 mm behind the medial femoral epicondyle, and current 
anatomical reports recommend 10 mm distal to the adductor 
tubercle and 10 mm behind the medial epicondyle.
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MPFL Reconstruction History

The first documented case study in English literature on the 
MPFL reconstruction method was in 1992, when Ellera 
reported on an artificial polyester ligament that was fixed in 
a transverse drill hole of the patella and attached to the 
medial femoral condyle with a metal screw [7]. Before this 
report, in a Japanese journal in 1990, Suganuma had 
described the MPFL reconstruction method with an autograft 
tendon or an artificial ligament [17]. Subsequently, during 
and after the 1990s, numerous different techniques for 
MPFL reconstruction were described [3, 10, 12, 14]. They 
described similar techniques with a free semitendinosus, 
gracilis, quadriceps, adductor tendon, or a vastus medialis 
retinaculum autograft (Fig. 2).

In 2003, we described a technique for children involving 
mobilization of the semitendinosus tendon [5]. The tendon 
maintains its insertion at the pes anserinus, and the proximal 
end of the tendon is transferred to the femoral insertion of the 
medial collateral ligament (MCL). The graft is then passed 

through the posterior one-third of the MCL femoral insertion, 
which acts as a pulley. Finally, the transferred tendon is sutured 
to the medial aspect of the patella. Our technique does not 
involve bony drilling and is thus possible for children (Fig. 3).

Our MPFL Reconstruction Procedure

Anatomical MPFL reconstruction (Fig. 4)
Initially, arthroscopy is performed to inspect the cartilage 

situation, and to examine the trochlear shape.

Harvesting of the Semitendinosus Tendon

After completion of the arthroscopy, a 3 cm-long incision is 
made on the pes ancenious, in the same shape as the semitendi-
nosus tendon. After dividing the sartorius tendon aponeurosis, 
the semitendinosus tendon was identified. Then, using an open 
tendon stripper, the musculotendinous junction of the semiten-
dinosus tendon is separated, and the muscle tissues inside are 

Fig. 1 The normal medial patellofemoral ligament (MPFL) extends 
from the superior two-thirds of the patellar medial edge to the femoral 
insertion. The femoral insertion site is located between the adductor 
tubercle and the medial femoral epicondyle (arrow head: adductor 
insertion, arrow: femoral insertion of medial collateral ligament)

Fig. 2 Medial patellofemoral ligament (MPFL) reconstruction using 
anchor fixation of the looped semitendinosus or gracilis graft at the 
aspect of the patella and the interference screw [14]



MPFL Reconstruction 607

cleaned. The usable part of the tendon should always be at least 
20 cm long. It is known that the mean load to failure force of 
the MPFL is 208 N, and the maximum load of the semitendino-
sus tendon is 1,060 N on one strand and 2,330 N on two strands 
[8]. Although only a single strand of semitendinosus tendon 
could be used as the graft, a double loop autograft is good for 
the MPFL reconstruction, since it mimics the original MPFL.

Preparing the Patellar Insertion Site

It is known that the patellar MPFL insertion extends to approx-
imately proximal two-thirds of the medial patella border.

A 3 cm skin incision is performed directly over this inser-
tion area. The insertion of the vastus medialis muscle was 
detached. The MPFL is anatomically situated in the second and 
the third layer of the medial patellofemoral complex [18, 19]. 
When the MPFL is separated from the layers, the capsule 
should be left intact so that the joint remains uninjured. 
To suture the grafted tendon onto the patellar surface through 

the MPFL insertion site of the patella, the periosteum of the 
patellar surface is slit.

Preparing and Fixing the Grafted Tendon  
at the Femoral Insertion Site

A 3 cm longitudinal skin incision is made in the area of the 
epicondyle and the adductor tubercle. For an anatomical 
femoral insertion of the graft, the medial epicondyle, the 
adductor tubercle, and the shape of the medial condyle are 
palpated. Then an 18-gauge needle is placed and checked on 
the fluoroscopy image (Fig. 5). A cylindrical bone plug 
(6.5 mm in diameter, 10 mm in length) is harvested from the 
anatomical femoral attachment of the MPFL using the 
Mosaicplasty system. After a looped No. 5 Ethibond suture 
(Ethicon®, Somerville, NJ) is placed in the femoral socket at 
the lateral aspect of the thigh by piercing the passing pin, the 
prepared semitendinosus tendon is placed into the looped 
suture and pulled into the femoral socket. After placing the 
grafted tendon in the created bone socket, the bone plug is 

Fig. 3 Medial patellofemoral ligament (MPFL) reconstruction with the 
transferred semitendinosus tendon: The tendon maintains its insertion 
at the pes anserinus and the proximal end of the tendon is transferred to 
the femoral insertion of medial colatteral ligament (MCL). The graft is 
then passed through an incision in the posterior one-third of the MCL 
femoral insertion, which subsequently acts as a pulley. Finally, the graft 
is sutured to the medial aspect of the patella [15]

Fig. 4 Our anatomical medial patellofemoral ligament (MPFL) 
reconstruction
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replaced over the graft. The graft tendon with the bone block 
is then fixed with a spike staple. This technique provides a 
rigid and less invasive method of fixation.

Suturing the Grafted Tendon  
onto the Patellar Site

To suture the grafted tendon onto the patella, the tendon is 
passed to the capsule from the femoral insertion site. The ten-
don is sutured at the insertion site of the patellar medial ridge 
and passed to the slit of the periosteum on the patellar surface 
with a moderate medial stabilized force and with the knee 
flexed at 30°. The tracking of the patella and the tension of the 
reconstructed MPFL from 0° to full flexion is assessed; the ten-
sion should increase slightly when the knee is fully extended.

Postoperative Rehabilitation

The operated knees were immobilized for 2 weeks with a 
soft knee brace. At 3 weeks after surgery, passive range of 
motion of the knee was allowed, and the patients began par-
tial weight bearing. At about 6 weeks after surgery, the 
patients could walk without crutches. At 6 months after sur-
gery, the patients had recovered sufficiently to be able to 
return to their previous sports activities.

Clinical Results

From April 2002, we carried out our anatomical MPFL recon-
structions on 31 knees from 29 cases which had recurrent 
patellar dislocations [4]. Thirty of these 31 knees had good 

clinical results following surgery. However, the remaining 
one knee experienced recurrent dislocations of the patellae, 
with the apprehension sigh remaining. Three years after the 
initial operation, lateral retinacular reconstruction was per-
formed on the other patient’s knee. The apprehension sign 
disappeared after the second operation. We have never expe-
rienced remarkable patellar re-dislocation after surgery.

Complications

In this series, there were no complications such as a patellar 
fracture or infection.

Conclusions

This chapter depicts the essential characteristics of MPFL as 
well as provides an anatomical account of MPFL reconstruc-
tion. MPFL reconstruction is a promising and useful surgical 
procedure for patellar dislocation.
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Tendinopathies Around the Foot and Ankle
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Introduction

Approximately 50% of all sports injuries are secondary to 
overuse and result from repetitive micro-traumatism that 
causes local tissue damages. According to Renström, tendon 
problems occur in 30–50% of all sport injuries [20].

Tendons represent the strongest part of the integrated 
muscle-tendon-bone unit structure.

Foot and ankle are very complex structures under very 
high cyclic constraints. The anatomical complexity is associ-
ated in many cases with anatomical variations also.

Foot and ankle are mostly involved in locomotion function 
that implies specific foot remodeling. Biomechanically, this 
means an instantaneous locking of the joints for lever arm 
effect, and a relaxing mechanism to release degrees of free-
dom (DOF) in order to move and adapt foot on the ground.

Consequently, the musculo-tendinous systems have to act 
in an isometrical, concentric, or eccentric mode depending 
on gait phases.

General Considerations

The neuro-muscular system controls the tendon’s tension. 
Associated with a perfect joint stability, anatomical struc-
tures can amortise, stabilize, and propulse the body in space.

Apart from their main function of force transmission, ten-
dons have the following other properties:

Force dissipating.
Elastic energy storing.
Viscoelasticity depending on water content in order to 
protect the muscle.
Stabilizing effect of the joints.
Sometimes represent an accessory-articulating surface.
According to its environment and stresses, it can modu-
late its structure. For example, a higher speed leads to 
increased force, load, and range of motion of the joints 
and, consequently, the tendon becomes stiffer under high 
stresses in order to absorb energy.
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The tendon presents both rich sensitive and sensorial inner-
vations, but, due to a poor vascularity, once injured, its abil-
ity to repair itself may be compromised. The tendon’s 
mechanical behavior depends on the loads exerted on it 
(loading rate, loading limits, and loading history). It can be 
distinguished between round tendons that bear tensile charge 
(i.e., Achilles tendon, tibialis tendons, flexor digitorum etc.) 
and flat tendons that are more specialized for tensile stresses 
with shear or compression (i.e., peroneus tendons).

Pathology

Tendon problems can occur at different levels of their com-
plex anatomy [8] (Fig. 1):

At bony insertion causing enthesopathy, sometimes com-
plicated with avulsion and bursitis.
At retinaculum level with tethering, constrictions, and 
dislocations.
At myo-tendinous junction with the risk of avulsion.
In the tendon substance (Endotenon), with tears, rupture, 
and often degeneration.
At the tendon envelop and it is called Peritendinitis; if 
there is a synovial sheath-covered tendon, it is called teno-
synovitis; if there is no synovial sheath such as in Achilles 
tendon which is a paratenon-covered tendon, then it is 
called Paratenonitis (The term Paratendinitis is reserved 
in case of inflammation of a tendon without sheath).

If a tendon can be accidentally totally disrupted (direct trauma), 
most commonly a midsubstance disruption occurs in a tendon 
with preexisting disease before tensile overload. This is due to 
overuse with a pathologic ongoing degenerative process that 
causes tendinosis. This tendinosis is characterized by histo-
logical changes including absence of inflammatory cells, fibers 
disorientation, collagen degeneration, hypercellularity, and 
vascular ingrowth. Tendinosis is generally non-symptomatic. 
This tendon degeneration is actually multifactorial, combining 
mechanical compression, impingement, and tensile overload. 
These factors cause loss of nutrition, hypoxia, ischemia, impa-
ired metabolism, and tenocytes apoptosis. Fluoroquinolones are 
a well-recognized cause of degeneration. The exact interaction 
of these factors cannot be explained entirely at the moment. 
If overuse leads to tendinosis, the opposite, overload creates a 
tendinitis with vascular disruption and “inflammatory” repair 
process, which is generally symptomatic.

Except in acute conditions, the symptoms of tendinopathy 
are often diffuse and uncharacteristic [21].

The healing process is characterized by different phases over 
a long period of time. The initial inflammatory phase is fol-
lowed by the proliferative phase, and finally the remodeling pro-
cess of the scar tissue, which is very long (months or years).

Principles of Treatment

Although the conservative active approach management has 
a high success rate, sometimes when medical treatment fails 

Tears
Rupture
Degeneration

− Tendinitis
− Tendinosis

− Paratenonitis

Peritendinitis (inflammation +− a sheat)

Retinaculum
tunnel

Tethering −constrictions
Dislocation

Paratenon covered tendon (Achillus)

Synovial sheat covered Tendon

Tendon substance

Bone insertion
enthésopathy,

Avulsion, Bursitis

Endotenon

Epitenon

myo-tendinous junction

avulsion

− Tenosynovitis

− Round tendon (tensile load)
− Flat tendon (tensile, shear, compressive stress)

− Paratendinitis (inflammation, no sheat)

Fig. 1 Tendon problems
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surgical option must be proposed. The mechanical constructs 
of repair have been relatively optimized. But in contrast, 
poor developments in enhancement of healing through bio-
logic intervention have been done.

Because knowledge of overuse syndromes is limited, the 
diagnosis and treatment of these conditions remain still chal-
lenging to sports medicine physicians.

The main problem is to evaluate the capacity of the patho-
logical tendon to heal and whether there are risks of develop-
ing into conditions that perpetuate tendon degeneration.

In the 1970s, immobility was the base of treatment but 
20 years later in the 1990s a more active approach began to 
be advised.

For their treatment, different techniques are generally 
used and most often in combination.

The noninvasive techniques include:

Reeducation with exercises for compliance, eccentric loading, 
and muscular strength recovery, proprioception recondition-
ing. Various methods of physiotherapy can be associated.
Insoles and shoe wear modifications should be studied for 
individual case and the patient subjectively should find 
immediate comfort.
The high-energy Extra Corporeal Shock Wave Therapy 
(ECSWT) appears as a new method with some efficacy and 
based on the finding that tendinopathy is mediated by vari-
ous biochemical pathways: diseases tenocytes excrete met-
alloproteases (MMPs) and interleukins (Ils) that break 
down collagen fibers [25].
Medications are principally represented by NSAIDs.

Today, new techniques such as stem cell therapy, growth factor 
treatment, and gene transfer have begun to be introduced. [18].

The invasive techniques are represented by infiltrations 
and surgery with more or less invasive methods.

No study to date provides consensus treatment trend.

Foot and Ankle Specific Conditions

Biomechanics

During gait cycle, harmful forces are not exerted during heel 
strike, but just after during loading response and mid-stance. 
Sports practice leads to more range of motion (ROM) and 
higher demand on anatomical structures with more forces. 
One kilometer distance represents about 1,000 cycles.

Forces are tridimensional, characterized by their intensity, 
direction, and duration. They can be divided into different 
components such as the ground reaction force against the 
body weight, the torque, and the lateral and antero-posterior 
shear forces. Such forces are exerted on the anatomical struc-
tures with compressive forces too.

Etiologic Factors

It appears that an appropriate diagnosis followed by adequate 
treatment should be better for outcome conditions. Finding or 
eliminating the etiologic factors is mandatory; they can be 
divided into extrinsic factors, such as training errors (repeti-
tive greater-than-physiologic stresses) [11], poor perfor-
mance, poor techniques and inappropriate surfaces, diet 
errors, medications (steroids, fluoroquinolones, antibiotics), 
etc.; and intrinsic factors, which include different conditions:

The presence of bony prominences such as Os trigonum, 
Haglund disease, and external tibialis ossicule or ostéo-
phytes can cause shoe wear conflicts with partial constric-
tion or laceration.
Malalignment and muscle imbalance, muscle weakness, 
leg length discrepancy: Some authors in a prospective 
study identified factors that predispose people to lower 
extremity overuse injuries such as dynamic pes planus, 
pes cavus, restricted ankle dorsiflexion, and increased 
hind foot inversion [12].

All of which are subject to be modified and surgically corrected 
if possible. Obesity increases overload on these structures [9].

Exploration Examination

Clinical assessment is mandatory including:

The patient history (sprain, injuries, swelling, fluoroqui-
nolones absorption, etc.)
The physical examination with the research of painful 
movement, the tendon excursion, and the range of motion 
of the different joints. A joint laxity syndrome must be 
searched too [19].
The muscle testing can be completed by isokinetic assess-
ment in order to objective clinical findings.

Imaging assessment is the complement of the clinical assess-
ments. This includes:

Conventional X-rays of foot and ankle in full weight bear-
ing and comparative.
Other special views (tangential, oblique.) for bony archi-
tecture study (avulsion fractures).
Specific views, i.e.,: Meary’s view for ankle and back-
foot alignment, stress views.
The MRI is the modality of choice with multiplanar 
imaging.
Ultra Sonography (elastography) is competitive for ten-
dons, but operator-dependent
The CT scan for the assessment of the bony architecture 
and cartilage should be offered if a joint contrast injection 
is done. This examination is relevant for ankle laxity 
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 giving accurate examination of articular capsule effrac-
tion, ligament and cartilage damages.
There is a limited use with teno-sheath injection.

Clinical Manifestations

Among the most common overuse injuries encountered 
around the foot are the overuse injury of the Achilles tendon, 
with non-insertional and insertional tendinopathy, retrocal-
canear bursitis, and rupture of the Achilles tendon. In the 
foot area, the most frequent overuse syndromes concerns the 
plantar fascia that could be considered as an insertional band 
for the flexor digitorum brevis, the long flexor of the toe, toe 
extensor, tibialis posterior tendon, peroneus tendons (more 
seldom the tibialis anterior tendon).

Tibialis Anterior Tendinitis is Not Common;  
it can Present Different Aspects

The Insertional tendinopathy (dance ballet, jump, skating…) 
is characterized by a medial cuneiform pain and gait abnor-
mality during the heel-strike initial loading and swing phase. 
Pain with passive stretching and isometric contraction has to 
be researched.

The spontaneous rupture is rare and often diagnosed too 
late. It is generally seen in old patients and causes a foot drop 
with high stepping gait. It is better to repair the lesion [22].

The tenosynovitis (stenosing, crepitans) is relatively rare 
(windsurf, trek, marathon).

Tibialis Posterior Tendinopathy  
is the Most Frequent

As etiologic factor, the foot pronator could be at risk [2]. 
Mechanical tenosynovitis and insertional tendinopathy are 
less frequent than the degenerative tendinopathy [10].

The degenerative tendinopathy appears very frequent and 
overall evolving toward the acquired flat foot [16].

The gait abnormality occurs during the stance phase 
(loading response). Its surgical treatment remains controver-
sial and medical treatment with insoles and brace must 
always be prescribed.

The spontaneous rupture is frequent and involves women 
(two-third) above 40 years and, like for tibialis anterior, it is 
chronic and often insidious.

The tibialis posterior luxation is rare and occurs after an 
inversion or dorsal flexion or direct painful trauma. The 
X-ray examination can reveal a possible fracture.

MRI examination is useful for the mid-foot and sub-talar 
ligament assessment.

Its treatment is surgical and has generally good result 
when it is done early (Fig. 2).

Flexor Hallucis Longus Partial Tethering

It is characterized by a pain at the posterior aspect of the 
medial malleolus with tenderness just posterior to tibial 
artery, when moving hallux up and down.

It occurs mainly in Ballet dancers, runners, around 
20–35 years of age.

A hypertrophied os trigonum can be associated and some-
times a low-lying bulging muscle can cause the conflict.

After medical treatment failure, the Flexor hallucis lon-
gus tenolysis is generally successful [15].

Peroneal Tendons

Both the tendons everse the hind foot and plantarflex the 
ankle [24].

The peroneus longus (PL) locks the transversal arch and 
plantarflex the first ray.

Clinical conditions are numerous; principally there is a 
history of strain mechanism, but characteristic is the pain 
in the postero-lateral aspect of the ankle.
Hind foot in varus and ankle instability must be pointed 
out as predisposing factors.
MRI remains mandatory to achieve a precise diagnosis 
and search a low-lying bulging muscle of the peroneus 
brevis (Fig. 3) and a lateral tubercle hypertrophy can be 
better seen on CT scan.

For their surgical treatment, different procedures must be 
combined if some etiologic factors have to be corrected.

Return to maximal function after surgery is prolonged. 
Early mobilization with protected ambulation is recom-
mended to prevent adhesions.

In case of tendinopathy, tears and ruptures in the tendon 
substance must be evaluated (Grade I, flattening of the ten-
don; Grade II, partial split; Grade III, rupture 1–2 cm long; 
Grade IV, rupture >2 cm long) [26].

An appropriate surgical treatment is as follows:

Edges refreshing (excision of necrotic areas, suture of the 
tears with tubulization of splayed tendon).
For the Peroneus brevis after debridement, the remaining 
cross-sectional area is important to consider (>50%: 
repair and if <50%: tenodesis) [13], in case of scarring-
fibrosis disease, the proximal tendon excursion must be 
assessed; if present, a tenodesis is indicated if the other 
tendon is functional, and if not, or a graft or transfer FDL 
to PB [17].
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Associated procedures must be done if necessary such as:

Careful excision of os peroneum if it is present.
Ligamentoplasty or better anatomical ligamentoplasty 
reconstruction of ankle ligaments.
Lateralizing calcaneal osteotomy to treat a varus 
malalignment.

The dislocation of tendons is classical. They are caused by 
the disruption of the retinaculum during eversion and dorsi-
flexion of the ankle combined with a forceful contraction of 
peroneus muscles.

There are elective lesions in downhill skiers (slalom, bumps).
In acute conditions: diagnosis is missed in many cases 

of “severe ankle-sprain-like” symptoms but no laxity is 

Fig. 2 Peroneus brevis tendinopathy

Sheat and retinaculum lesion

− Transosseous suture
   of the retinaculum

− Platelet rich factor PRF

Fig. 3 Tibialis posterior luxation
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found during clinical examination. Echography may be 
helpful.

In chronic conditions: it would seem like a “lateral chronic 
instability of the ankle,” but here too there is no laxity of 
the joint.

The treatment is surgical with reconstruction of the 
 retinaculum or plasty.

For the Achilles Tendon: There are Many 
Conditions to Consider (Fig. 4)

Acute ruptures: An early treatment is mandatory with 
anatomical restoration, meticulous attention to detail to 
avoid wound complications, and followed by early 
rehabilitation to minimize recovery time and maximize 
function and strength [18–21]
Non-insertional tendinopathy [23]: Age and long-term 
evolution appears less favorable for medical treatment 
and a good outcome. After 6 months of nonoperative 

treatment, surgery is indicated including percutaneous or 
open debridement associated with transfer FHL augmen-
tation if poor tissue conditions are present.
Insertional tendinopathy [6]: Direct posterior surgical 
approach is recommended. Early weight bearing and 
mobilization can be proposed if less than 50% tendon has 
been excised and if more than 50%, a peroneus brevis [14] 
or flexor hallucis longus (FHL) transfer is advocated.

Principles of Functional Training Program

The main goal is to recover the power of the integrated mus-
cle-tendon-bone unit structure to ensure stability and mobil-
ity of the joint. The program can be divided into four phases:

Phase I: consists of recovering mobility, length, and 
flexibility.
Phase II: when the first goal is reached, then strength-balance 
control and powerful contractile action can be done, but it is 

Fig. 4 Achilles tendinopathies
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a gradual process including proprioception exercises. The 
compensation can occur for more than 1 year, including  
repetitive movement in order to replicate the functional 
movement. The control and coordination of movement has 
direct implications for practice and skill learning. Close 
kinematic chain exercises are mandatory+++.
Phase III: is represented by the aerobic reconditioning 
with exercises on treadmill, Stairmaster, elliptical unit.
Other options are the practice of swimming and walk-jog.
This is combined with posture and reflex exercises and 
reinforcement exercises.
Phase IV: is the return to activity with maintenance of 
strength-flexibility and reinforcement with aerobic exer-
cises. Sometimes, activity modification to find other possi-
bilities in order to realize the performance. But the kinematic 
redundancy of the musculo-skeletal system may be used to 
modify its dynamic behavior and variability [4].

The progression of program must be done by taking always 
into account the parameters like the age of the patient and the 
assessment of pain, inflammation, and tendon irritability.

Conclusion

The conservative management of tendinopathies in many 
cases can obtain a high success rate.

The assessment of pathological condition is critical.
According to the biomechanics of musculo-skeletal system 

and the physiology of tendon in normal and pathological condi-
tions, the active approach of treatment today should be done.

But in case of failure of the conservative treatment do not 
miss surgery time.

The pain is a signal!
Young athletes are not prone to tendon problems [1–7].
In the near future, gene therapy, tissue engineering, 

cytokine modulation represent fields of research and treat-
ment. But at present, preventive measures remain always the 
best treatment.
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Ankle Sprains: Optimizing Return to Activity

Bruce Hamilton, Cristiano Eirale, and Hakim Chalabi 

Introduction

Ankle sprains are one of the most commonly encountered 
injuries by athletes and non-athletes alike [32], with an inci-
dence of 6–8 per 1,000 person hours in sports such as rugby 
and football [10]. While often considered a benign relation 
to the more significant ankle fracture, evidence has accumu-
lated to suggest that even a simple ankle sprain may result in 
significant long-term morbidity, with up to 40% of injuries 
resulting in residual symptoms [1, 6, 29, 30]. Typically, this 
ongoing symptomatology may result from subtle bone injury, 
osteochondral injury, soft tissue thickening, ongoing inflam-
matory processes, and tendon or ligament injury. While in an 
emergency department, these may not be considered “clini-
cally significant” their existence changes the prognosis for 
individuals markedly and therefore should also impact upon 
the management. Furthermore, despite the abundant litera-
ture considering the diagnosis, management and morbidity 
of the ankle sprain, typical primary care management of the 
ankle sprain appears not to have changed in recent years.

Typically, both in research papers and clinical practice, 
the diagnosis of ankle sprain involves a history of a painful 
inversion injury to the ankle, lateral swelling and bruising, 
and the absence of a fracture on simple x-ray imaging [1, 30]. 
Grading of the ankle sprain is subsequently determined by 
the degree of damage to the lateral ligament complex (Table 1) 
and the associated clinical findings. Unfortunately, while the 
grading may, to some degree, reflect the pathology of the 
lateral ligament, it remains a subjective tool [18], which may 
not reflect the complexity of the underlying pathology, or the 
likelihood of a satisfactory outcome [29].

The degree of injury to the lateral ligament complex will 
have a significant impact upon the subsequent stability and 
function of the ankle, and therefore will require careful eval-
uation and appropriate management. The most common 
mechanism of injury in the ankle is inversion and supination 
of the foot, with external rotation on the tibia, resulting in 
lateral ligament injury [21]. The typical sequence of ligament 
injury involves initially the anterior talofibular ligament 
(ATFL), the anterolateral capsule, distal tibiofibular ligament, 
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calcaneofibular ligament (CFL), and finally the posterior 
talofibular ligament (PTFL) [21]. However, inversion injury 
of the ankle, while routinely characterized by its impact on 
the lateral ligament complex [21], will also have associated 
pathology, which may subsequently impact upon the func-
tional outcome of the ankle. Associated pathology may 
include both intra- and extra-articular hemorrhage, intra-
articular traumatic synovitis, subchondral bone bruising, 
chondral damage, and medial ligament [27]. With progres-
sively increasing force, significant fractures may occur around 
the ankle. It is well recognized that simple imaging may miss 
a range of fractures around the ankle joint, including such as 
fractures of the anterior process of the calcaneus, the poste-
rior process of the talus, the talar dome, lateral process of the 
talus and the fifth metatarsal, a high quality of imaging must 
be sought, and a high index of suspicion maintained.

Diagnosis

The first step toward optimal management of the inversion 
ankle injury is an accurate diagnosis. Delineation of both the 
so-called “clinically significant” and less significant pathol-
ogy (that is pathology not requiring immediate surgical or 
manipulative intervention) and the provision of a specific 
diagnosis should be the diagnostic goal. Considering every-
thing which is not a fracture of the ankle to be a simple sprain 
is an oversimplification, and should be avoided. Much has 

been written about the use of specific rules in imaging, for the 
diagnosis of significant ankle fractures, with a goal of both 
minimizing unnecessary radiation exposure and cost. Rules 
such as the Ottawa ankle rules and Leiden ankle rule are typi-
cal examples [12], but the importance of careful assessment 
prior to imaging cannot be emphasized enough (Table 2) [2].

One outcome of this process of minimizing imaging is the 
classification of fractures into clinically significant and “not 
significant” by emergency departments, primary practitio-
ners, and trauma centers [2]. However, as can be seen above, 
this differentiation does not mean that the outcomes are opti-
mal for those without significant fractures. Hence, it is criti-
cal that rules such as the Ottawa Ankle Rules be recognized 
for what they are – a means of reducing the number of images 
performed, while not missing fractures requiring operative 
or manipulative treatment. They are not designed for use by 
a clinician working in sports medicine, wishing to optimize 
the clinical outcome for an ankle following an inversion 
injury. In order to optimize clinical outcomes, a careful 
examination and consideration of the underlying pathology 
must be performed.

Assessment

History

Any assessment of the ankle should begin with a careful his-
tory, elucidating the exact mechanism of injury. In elite sport, 
this is often aided by the ability to observe the injury on 
replayed video footage; however, this is not available to most 
individuals, and hence a careful history is critical. The most 

Table 1 Example of systematic grading of ankle injuries

I (Mild) No instability on examination

Minimal swelling tenderness

Minimal functional loss

Microscopic ligament injury

II (Moderate) Incomplete instability on 
examination

± Talar tilt < 15°

± Anterior drawer < 5 mm

Moderate pain swelling and 
tenderness

Mild loss of joint motion

Macroscopic injury but ligament 
intact

III (Severe) Unstable on physical examination

± Talar tilt > 15°

± Anterior drawer > 5 mm

Marked swelling, hemorrhage and 
tenderness

Loss of function and joint motion

Complete rupture of ligament

Modified from [18, 30]

Table 2 Ottawa ankle rules versus Leiden ankle rules

Ottawa ankle rules Leiden ankle rule

Bone tenderness at the posterior edge 
(distal 6 cm) or tip of the lateral 
malleolus

Deformity, instability, 
crepitation

Bone tenderness at the posterior edge 
(distal 6 cm) or tip of medial 
malleolus

Inability to bear weight

Inability to bear weight both 
immediately after the injury and in the 
emergency department

Pulseless or weakened 
posterior tibial artery

Bone tenderness over the base of the 
fifth metatarsal

Pain on palpation of 
malleoli or fifth metatarsal

Bone tenderness over the navicular Swelling or pain of the 
Achilles tendon

Age divided by 10

Radiographic imaging required if 
there is pain in the malleolar zone and 
one or more of the above findings

Radiographic imaging 
required if individual 
scores greater than 7

Modified from [12]
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common injury is the inversion/supination, plantar flexion 
injury, and this is the most frequent cause of a lateral liga-
ment complex injury. Significant injuries require the patient 
to stop activities to prevent swelling. By contrast, while the 
presence of an audible snap or click is common, this does not 
correlate with the significance of the injury [28]. While less 
common, a history of an injury mechanism involving a dor-
siflexed, fixed, and external rotation or forced abduction of 
the foot is more likely to result in complex injuries involving 
the syndesmosis, with a different prognosis and management 
paradigm [19].

Examination

Careful physical examination has been shown to be effective 
in the diagnosis of the lateral ankle sprain [28]. However, in 
a study of pediatric residents, only 37% were able to accu-
rately examine the ankle. Following a teaching period, which 
involved watching a televised ankle examination, having an 
examination demonstrated, and performing the examination 
themselves until they performed it correctly, the residents 
were reassessed at 1 and 9 months. Despite this, only 77% 
and 67% were able to correctly perform an ankle examina-
tion at 1 and 9 months, respectively [14]. Examination of the 
ankle should be systematic and based upon an understanding 
of both the anatomy and epidemiology of ankle injury.

Timing of the physical examination is critical. If possible, 
an immediate assessment prior to the development of swell-
ing provides the perfect opportunity to carefully assess the 
ankle. After this period, while an initial assessment is impor-
tant to rule out fractures, the sensitivity and specificity of 
examination for ankle ligament injury in the first 48 h has 
been shown to be limited [28]. Hence, clinicians should be 
wary of providing prognostic claims based on an initial 
examination during this period.

Assessment should begin with the observation of gait, 
lower limb posture, stance, ecchymosis, and swelling. The 
assessment of the amount of swelling by clinicians has been 
shown to be directly associated with the likelihood of a liga-
ment injury [28]. Depending on the nature of the injury, walk-
ing on the heels, toes, medial and lateral borders of the foot 
can give some indication as to the severity and nature of the 
injury. Palpation should begin with key elements of the Ottawa 
Ankle rules, but also include the anterior and posterior ankle 
joint lines, the lateral ligaments, the medial ligament border, 
sustentaculum tali, anterior syndesmosis, proximal tibiofibu-
lar joint and the bones of the midfoot. Rupture of the Achilles 
tendon should be excluded and injury to the peroneal, flexor 
hallucus, and tibialis posterior tendons should be assessed ini-
tially with palpation. Careful attention should be paid to the 
location of the tenderness on the initial assessment.

Once an impression is gained of the nature of the injury, 
assessment of the active and passive range of motion of the 
ankle, subtalar, and midfoot joints should be performed. The 
ankle typically has 20°and 50° of dorsi and plantar flexion, 
respectively, and loss of dorsiflexion may occur for a number 
of reasons including inflammation and hemarthrosis in the 
ankle joint. The return of ankle joint dorsiflexion is a key 
indicator of ankle function, and hence in the initial phase 
should be carefully assessed. The authors preferred approach 
is a weight-bearing dorsiflexed assessment. Active resisted 
movements of flexion, dorsifexion, supination, and prona-
tion can then be used to assess tendon function around the 
ankle. Assessment of ligament integrity may be adequately 
assessed with the anterior drawer [25] and talar tilt tests; 
however, careful technique and interpretation is required for 
accurate diagnosis. Clinical tests for ankle ligament injury 
are best performed after approximately 5 days, when much 
of the initial pain has settled [28].

Imaging

For the physician working in sports medicine, the choice of 
imaging will involve a number of considerations including 
cost; accessibility; duration of symptoms; compliance with 
treatment, professional or amateur athlete; and other social 
factors such as impact on work. While x-ray imaging is use-
ful for significant overt fractures, less common fractures 
which may cause significant ongoing morbidity (such as 
anterior process of calcaneum, posterior talus) may be missed 
with initial imaging. Careful examination with guidance for 
radiologists as to what pathology is being sought will mini-
mize this risk. The use of stress radiography may be indi-
cated when either functional or mechanical instability [15] is 
suspected and has been shown to be as accurate as MRI in the 
diagnosis of lateral ligament injury [26]. While both absolute 
values or the comparison of left and right talar tilt and ante-
rior drawer have been shown to be clinically useful [24], 
there continues to be controversy in its clinical utility [11].

In skilled hands, ultrasound is a useful tool for delineation 
of the integrity of soft tissue structures such as ligaments and 
tendons adjacent to the ankle [9], but the gold standard 
remains the MRI. The MRI is excellent for illustrating under-
lying bony pathology (e.g., microfracture or bone bruises), 
ligamentous integrity, and intra-articular fluid. As a result of 
fiscal and accessibility issues, practitioners will often with-
hold MR imaging, until rehabilitation is observed to not be 
progressing as anticipated; however, in the athlete, the clini-
cal utility of an early MRI should not be underestimated – 
both in confirming a treatment plan, and avoiding unnecessary 
delays.
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Management of the Sprained Ankle

Despite its high prevalence and recognized morbidity there 
is little consensus or clarity in the literature regarding the 
most appropriate management of the ankle sprain. However, 
it is clear that to maximize the likelihood of a positive out-
come, even an uncomplicated ankle sprain should be man-
aged aggressively. Inadequate rehabilitation may result in 
prolonged ankle instability, dysfunction, inflammation, or 
pain. Initial management utilizing elevation, compression, 
and ice is recommended. The authors preferred technique for 
icing is in a bucket of ice and water, allowing continuous 
moving of the ankle, thereby preventing unnecessary loss of 
range of motion. While it remains unclear what an ideal 
duration for ice application is, the authors approach (which 
may be compliance or logistically limited) is 10 min on ice, 
10 min off ice, on an hourly basis for 24 h, 2 hourly for 24 h, 
and subsequently following any rehabilitation session for at 
least 2 weeks [4]. Compression should include padding 
around the medial and lateral malleoli to minimize swelling 
and should be applied between bouts of ice for 3–5 days. 
Offloading with crutches may be utilized if indicated by pain 
and dysfunction, but rapid progression to pain free weight-
bearing should be encouraged as pain and mobility improve 
over 3–5 days. Numerous splints are available commercially 
and have been shown to have significantly enhanced out-
comes compared with simple tubigrip [5]. Indeed, the use of 
the tubigrip has been reported to have no effect on recovery 
and may actually increase the need for analgesia in grade I 
and II ankle sprains [31]. However, in the early phases any-
thing which enhances comfort, provides some compression 
and is convenient to take on and off may be considered rea-
sonable. For a syndesmotic lesion, offloading and compres-
sion of the tibiofibular joint with bracing is mandatory. 
Prolonged immobilization should be avoided to prevent both 
muscle atrophy and arthrofibrosis [7, 17, 22].

Use of analgesic or anti-inflammatory medication remains 
controversial. Anti-inflammatory medication has been shown 
to reduce pain and allow a more rapid return to functional 
movements, but the long-term benefit of anti-inflammatories 
may be limited [8, 23]. Similarly, in an acutely inflamed 
ankle, there are anecdotal reports of the early successful 
treatment of elite athletes with an isolated ankle sprain with 
intra-articular and periarticular corticosteroid injections. 
This has no evidence base and has numerous potential nega-
tive effects including a potential negative impact on the 
chondral surface. Recently, the successful use of periarticu-
lar hyaluronic acid in the acute ankle sprain has been reported, 
but this requires further evaluation before becoming com-
monplace [20]. The use of hyperbaric oxygen has not been 
shown to be efficacious in the ankle sprain [22]. Future inter-
ventions may include the use of autologous growth factor 
application and stem cell implantation to assist in anatomical 

healing, and this promises to be an exciting area of develop-
ment over the next 10–20 years.

Physiotherapy should be instigated early, with a view to 
minimizing swelling and inflammation and rapid return to 
functional movements. The return of dorsiflexion range is a 
critical indicator for the return to functional activities, and 
the use of passive talocrural mobilization from early rehabili-
tation has been shown to enhance this process [13]. Electrical 
therapy remains contentious in its absolute benefit, although 
may reduce pain [22]. Mobilization with normal gait is man-
datory and requires management of both pain and functional 
movements. In the subacute phase of management, increased 
pain-free exercises and proprioceptive activities should be 
encouraged, with a graduated progression to increasing com-
plexity, functional movement and, finally, sports-specific 
activity [22]. Cardiovascular fitness, core stability, and local 
muscle strength training need to be instigated early [3].

Surgical treatment of the lateral ankle sprain should be 
considered in the high grade injury, and if there is associated 
comorbidity (e.g., chondral or osteochondral lesions), the 
injury is recurrent and the patient has failed an adequate reha-
bilitation program. However, indications for surgery remain 
unclear [16] and even the presence of a grade III injury in an 
athlete is not an absolute indication for surgery [18].

Secondary prevention of the ankle sprain should involve 
ongoing proprioceptive training, appropriate warm-up, incor-
porating functional proprioceptive movements and condi-
tioning programs.

Conclusion

There is no such entity as a “simple” ankle sprain. Even 
those ankle injuries radiographically considered clinically 
insignificant may have significant long term morbidity. 
Subsequently careful history and examination, along with 
the appropriate use of investigative tools is mandatory in 
order to make an accurate diagnosis. There remains little 
consensus as to the most appropriate management, and 
despite accumulating evidence, management largely contin-
ues to be largely based on expert opinion. Further research in 
this area is required.
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Chronic Ankle Instability

Bas Pijnenburg and Rover Krips 

Anatomy

The ankle joint is the most congruent joint of the human body. 
Stability is provided by the bony configuration of the ankle 
mortise, talar dome, and ankle ligaments. Soft tissue stability 
is provided by the ligaments; these are the tibio-fibular syn-
desmosis superiorly, the deltoid ligament on the medial side 
and lateral, the anterior talo-fibular ligament (ATFL), calca-
neofibular ligament (CFL), and posterior talo-fibular ligament 
(PTFL) (Fig. 1) [5]. The ATFL can be considered to be an 
intra-articular reinforcement of the joint capsule. This liga-
ment is the main stabilizer on the lateral aspect of the ankle 
and most vulnerable to injuries [2]. The ATFL is in a plane 
parallel to the axis of movement (flexion-extension), when 
the ankle is in a neutral position. Thus, the ATFL is a true 
collateral ligament when the foot is placed in plantar flexion. 
Most ankle ligament injuries occur by internal rotation in the 
equinus position with the foot in plantar flexion, when the 
narrowest part of the talus is placed in the ankle mortise and 
the ankle, is thus, rendered most lax. This is probably an 
important reason for the high prevalence of injuries of the 
ATFL [2]. The extra-articular CFL arises from the anterior 
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CFL calcaneofibular ligament, LTFP posterior talofibular ligament
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part of the tip of the fibula. It runs obliquely downward and 
backward to be attached to the lateral surface of the calca-
neus. There is a great variety in direction and in distal attach-
ment. Usually, the main part attaches to the tip of the fibula, 
and in most cases, a bundle of fibers also runs directly to the 
ATFL. In contrast to the ATFL, it is not part of the fibrous 
capsule but is separated from it. The CFL bridges the talocru-
ral and the subtalar joints. The PTFL is a short and thick liga-
ment. It is tight with the ankle in extension and lax in plantar 
flexion. Injuries to this ligament are infrequent. The distal 
tibiofibular syndesmosis is essential for the stability of the 
ankle mortise, and therefore, essential to weight transmission 
and walking. Experimentally, a combination of forced exter-
nal rotation, dorsiflexion, and axial loading of the ankle 
caused a rupture of the anterior tibio-fibular ligament [2]. 
This might be accompanied by a partial rupture of the deltoid 
ligament. The main stabilizer on the medial side is the deep 
portion of the deltoid ligament, which is fan-shaped, thick, 
and strong and is injured infrequently. Anatomic variations in 
shape, size, orientation, and capsular relations of the lateral 
ankle ligaments are common; up to 75% of subjects show 
some variation, most commonly in the CFL. The ATFL is 
divided into two separate bundles in one-third of all patients 
[34]. These anatomic variations should be borne in mind 
when deciding upon treatment of ankle ligament injuries.

Ankle Joint Instability

Functional instability is the most common residual disability 
after acute lateral ligament ruptures and is a description of 
the subjective symptoms of the patient (e.g., repeated giving-
way, in some cases combined with pain). Conversely, laxity 
or mechanical instability refers to an objective measurement 
(e.g., standardized stress radiographs, clinical measurement 
of anterior drawer sign) [15].

Functional instability is a complex syndrome, in which 
mechanical, neurologic, muscular, and constitutional factors 
interact. The etiologic factors are not known exactly, and in sev-
eral cases there is a combination of factors. Elongation of the 
ruptured ligaments (i.e., increased laxity, proprioceptive deficit, 
peroneal muscle weakness, subtalar instability) is a documented 
etiologic factor of functional instability, either alone or in com-
bination. Some studies showed a correlation between functional 
instability and increased laxity using standardized stress radio-
graphs [12, 13, 15]. Although these radiographic stress tests 
may be useful, the reliability of these tests is low, and there is no 
definite correlation between functional instability and increased 
laxity [17–19]. The reaction time of the peroneal muscles, mea-
sured during sudden inversion using an electromyogram, was 
significantly longer in unstable ankles than in stable ones [17, 
20]. This difference in the reaction time is due to the time that 

elapses between the start of the inversion of the ankle and the 
stimulation of the mechanoreceptors in the ligaments and the 
joint capsule. Delayed proprioceptive response to a sudden 
angular displacement of the ankle may be one of the most 
important causes of functional instability of the ankle joint.

It can be concluded that functional instability is caused by 
increased laxity, inhibition of proprioceptive function, per-
oneal muscle weakness, or a combination of these factors. The 
cause of functional instability has to be analyzed individually.

Chronic Ankle Instability

Chronic ankle instability develops in approximately 20% of 
patients after acute ligament rupture [8]. Ligament laxity 
does not always require surgical reconstruction. The indica-
tion for surgical intervention is recurrent giving-way despite 
proprioceptive training in patients who have mechanical 
laxity [8, 16].

Diagnosis of Chronic Ankle Instability

Clinical tests for acute and chronic ankle instability include 
the talar tilt test and the anterior drawer test. The talar tilt test 
is clinically impractical and most often is unreliable [36]. The 
anterior drawer test is the most important test for detection of 
chronic ankle instability. Increased anterior translation of the 
talus in the talo-crural joint can occur when the ATFL is rup-
tured or elongated. There are several ways to perform an 
anterior drawer test [35]. In most test situations the foot is 
moved only anteriorly relative to the tibia, and therefore, the 
ankle is placed in 10–20° of plantar flexion. This is an incor-
rect way to perform the anterior drawer test, and is associated 
with a higher risk for false-negative test results. The anterior 
drawer test is not a straightforward translation of the talus in 
relation to the tibia, but rather it is a rotatory movement [21]. 
This rotation is caused by the intact deltoid ligament, which 
prevents the talus from moving forward on the medial side.

Therefore, the anterior drawer test should be a combina-
tion of a straightforward translation and internal rotation 
movement (Fig. 2) [21].

Knowledge of the laxity of the ankle joint ligaments in the 
sagittal and the frontal planes can give valuable information 
during the diagnostic assessment of chronic functional instabil-
ity. Radiographic measurements of ankle joint stability are 
used often before deciding upon the operative treatment of 
chronic ankle instability. Standardized stress radiographs can 
be used in the differential diagnostic evaluation and assessment 
of therapy. Their main drawback is the limited correlation 
between functional stability and increased laxity. The lateral 
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instability/laxity test (talar tilt) and the anterior instability/lax-
ity test (anterior talar translation) are the two radiographic tests 
that are used. Increased laxity can be defined as anterior talar 
translation of more than 10 mm or talar tilt of more than 9°. 
Another way of defining increased laxity is a difference in 
anterior talar translation between the functionally unstable 
ankle and the contralateral ankle of more than 3 mm, or a talar 
tilt of more than 3° in patients who have unilateral instability 
[26]. A good correlation between functional and mechanical 
instability was shown in some studies, but this correlation is 
highly variable because several factors other than mechanical 
instability can be responsible for the development of functional 
instability. Several studies questioned the reliability of stress 
radiographs, especially the measurements of talar tilt [12, 15–
18]. US, CT, and MRI have been used to delineate the extent of 
damage to the ankle ligaments. US can be useful as a screening 
modality, especially when there is a discrepancy between clini-
cal and radiologic examinations after trauma. US is inexpen-
sive and noninvasive [11]; however, like CT and MRI, it is 
unable to demonstrate ligament laxity.

Treatment of Chronic Ankle Instability

Less than 10% of all subjects who sustain acute ligament inju-
ries need stabilizing surgery at a later stage [14]. Before decid-
ing upon surgical treatment in a patient who has chronic 

ligament insufficiency, a supervised rehabilitation program 
that is based on peroneal muscle strengthening and coordina-
tion training should be completed. More than 50% of patients 
regain satisfactory functional stability after a 12-week pro-
gram [8]. Patients who have high-grade mechanical laxity 
have less favorable prospects for regaining satisfactory func-
tion after physiotherapy. Surgical treatment should be consid-
ered at an earlier stage in these patients. More than 60 different 
surgical procedures to stabilize the unstable ankle have been 
described in the literature. These procedures can be divided 
into two main groups: tenodesis and anatomic reconstruction.

Tenodesis

Tenodesis were the most widely used procedures in the past. 
The three classic tenodesis – Evans, Watson–Jones, and 
Chrisman–Snook – are well documented, and the short- and 
long-term results are well reported. Of these tenodeses, the 
Evans tenodesis is the least technically demanding; however, it 
neither reconstructs the ATFL nor the CFL biomechanically, 
because the tenodesis is positioned in a plane between these 
two ligaments. Several investigators reported good short-term 
results after this reconstruction and its modifications, but the 
long-term results have varied. Many patients’ early satisfactory 
results deteriorated after a few years, which resulted in unsatis-
factory function in the long run. In one study, less than 50% of 
subjects had satisfactory results after a mean follow-up period 
of 14 years [14]. The Watson–Jones tenodesis reconstructs the 
ATFL, but not the CFL. Several good short-term results have 
been reported, but long-term follow-up studies showed disap-
pointing functional results in approximately two-thirds of the 
patients [6, 29]. Late deterioration is common, with increased 
laxity and reduction of ankle function, as well as pain. The 
Chrisman–Snook tenodesis restores the ATFL and the CFL, 
and probably is the most widely used nonanatomic reconstruc-
tion (Fig. 3). The peroneus brevis tendon is split longitudinally, 
and half of the tendon is used to reconstruct both ligaments. In 
one study, satisfactory results were reported in 94% of patients 
[6, 33]. Stress provocation also showed less residual laxity after 
the Chrisman–Snook reconstruction than after the Evans recon-
struction. The Chrisman–Snook procedure is more demanding 
technically than are the other tenodeses. One of the major draw-
backs is that all tenodeses are nonanatomic reconstructions and 
they sacrifice normal, and in most cases, well-functioning ana-
tomic structures around the ankle joint (i.e, the peroneus brevis 
or peroneus longus tendons). This results in altered kinematics, 
often limitation of joint motion, and gradual deterioration of the 
reconstructed ligament function. The consequence could be the 
development of degenerative changes of the ankle in the long 
run [22–24]. Biomechanical analysis of nonanatomic recon-
structions showed that ligamentous isometricity is lacking and 

Fig. 2 The anterior drawer test should be a combination of a straight-
forward translation and internal rotation movement
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that normal ankle biomechanics are not restored [30]. 
Complications after a nonanatomic reconstruction procedure 
have been reported.

Most complications are related to the long skin incision 
that is needed for harvesting the peroneus brevis tendon. 
Problems with delayed wound healing and sural nerve inju-
ries also have been described [27].

Unlike anatomic reconstruction, tenodesis does not restore 
the normal anatomy of the lateral ankle ligaments. These pro-
cedures result in a restricted range of ankle motion, a higher 
number of reoperations, impairment of athletic performance, 
and unsatisfactory functional results [25]. Furthermore, many 
studies reported that tenodesis does not prevent mechanical 
laxity entirely, and thereby, leads to subsequent degenerative 
changes on the medial side of the ankle joint [22–25]. Because 
of the elongation or loosening of the tendon in the long term, 
the restriction in the range of ankle motion resolves and 
mechanical instability becomes more persistent. This leads to 
the development of more severe degenerative changes in the 
ankle joint. Subsequently, the risk for the development of 
osteophytes and the need for a reoperative procedure to 
remove these osteophytes increase over time. Therefore, ana-
tomic reconstruction of the lateral ankle ligaments can be 
regarded as the surgical treatment of choice in patients who 
have chronic ankle instability [22–24, 30]; however, tenode-
sis can play a role in secondary procedures.

Anatomic Reconstruction

The basic principle of anatomic reconstruction is to restore 
the normal anatomic ligamentous proportions, which should 
lead to the original biomechanical situation of the lateral 

ligament complex of the ankle joint. Anatomic reconstruc-
tion of the ATFL is simple. The insertion at the tip of the 
fibula and the talus is uniform. Most anatomy textbooks 
describe the existence of a single ATFL. In a certain per-
centage (10–30%) of patients, anatomically as well as func-
tionally, upper and lower parts of the ligament may be 
distinguished [35]. The insertion of the CFL at the tip of the 
fibula also is uniform. It arises from the anterior part and 
runs obliquely downward and backward to attach to the lat-
eral surface of the calcaneus. This insertion point is less 
unambiguous. In the plantigrade foot, there is interindivid-
ual direction of the CFL, which lies between 10° and 80° 
posteriorly. There also is a considerable interindividual 
variety in the length of the CFL [5, 35]. After a rupture of 
this ligament, it is difficult to identify its original insertion 
at the calcaneus.

Anatomic reconstructions can be classified into four 
categories:

1. Anatomic reconstruction using the original ligament 
remnants

2. Anatomic reconstruction using the original ligament ends 
with reinforcement of local tissues (e.g., periosteum, infe-
rior extensor retinaculum)

3. Anatomic reconstruction using an autograft
4. Arthroscopic capsular shrinkage

Anatomic Reconstruction Using the Original 
Ligament Remnants

Broström [5], who described this procedure in detail, found 
that direct suture (repair) of the ruptured and elongated liga-
ments was possible, even several years after the primary 
injury. The combination of shortening, imbrication, and rein-
sertion to the bony attachment of the injured ligaments has 
been successful [14].

Satisfactory functional results after anatomic reconstruc-
tion of the lateral ankle ligaments were described in several 
studies [8, 14, 21–24]. The surgical technique is simple and 
is performed easily. The damaged or elongated remnants of 
the ATFL and CFL are divided, shortened 3–5 mm, imbri-
cated, and reinserted into bone (Fig. 4). Satisfactory func-
tional results were reported in approximately 90% of 
patients, with radiographic evidence of less residual laxity 
[14, 21–24]. The results are less satisfactory in patients 
who have generalized hypermobility of the joints or long-
standing ligamentous insufficiency (>10 years), and in 
patients who have undergone previous ankle joint ligament 
surgery. Anatomic reconstruction using the original liga-
ment ends is technically simple, gives rise to few complica-
tions, and produces short- and long-term satisfactory 
functional results.

Fig. 3 The Chrisman–Snook tenodesis bridges the ATFL and the CFL, 
and probably is the most widely used nonanatomic reconstruction
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Anatomic Reconstruction Using the Original 
Ligament Ends with Reinforcement of Local 
Tissues

In some cases, the original ligament ends are too weak or too 
damaged to perform a sufficient reconstruction; local structures 
can be used for reinforcement. These modifications include 
using a periosteal flap from the lateral aspect of the fibula and 
the inferior extensor retinaculum, and reinforcement of the CFL 
repair with the lateral talo-calcaneal ligament. Also, tensioning 
of the lateral ankle ligaments and capsular tissue has been 
described. Experimental studies reported that the use of these 
structures do not disturb normal joint kinematics [1, 3, 31, 32].

Anatomic Reconstruction Using an Autograft

When direct anatomic reconstruction is not feasible, an 
autograft can be used. In 1968, Weber described a procedure 

in which the ATFL is reconstructed using the plantaris ten-
don. The plantaris tendon can be detached with a stripper. 
Holes are drilled on the original insertions of the anterior 
talo-fibular ligament at the fibula and the talus. The graft is 
pulled through these holes in a figure-8 loop. Good long-
term results have been described [9]. Other examples of 
autografts for anatomic reconstruction are the Achilles ten-
don and the use of free fascia lata.

Arthroscopic Capsular Shrinkage

Arthroscopic capsular shrinkage is reported to be an alterna-
tive to open reconstructions [7]. Originally, shrinkage was 
performed with a laser, but the radiofrequency thermal probe 
seems to be more appropriate because of the better-controlled 
method of application. Different investigators reported their 
results, mainly in experimental cadaver and biomechanical 
studies and in clinical studies with patients who suffered 

Fig. 4 The damaged or 
elongated remnants of the ATFL 
and CFL are divided, shortened, 
imbricated, and reinserted into 
bone
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from shoulder instability. Cadaver studies showed that 
shrinkage of ligaments of up to 30% can be reached. 
Biomechanical studies showed that there is an initial suscep-
tibility to creep after shrinkage; however, remodeling is com-
plete and normal tissue strength is regained after 6–12 weeks 
[10]. The treatment of chronic knee and shoulder instability 
with thermal capsular shrinkage shows a high failure rate. 
Only a combination of sutures and shrinkage seems to lead 
to acceptable results [7].

The biomechanics of the ankle are different from those of 
the shoulder and the knee. Intrinsically, the ankle is the most 
stable joint of the body, which makes its functional stability 
less dependent on the ligaments and joint capsule. Therefore, 
the chronically unstable ankle is a better candidate for treat-
ment with arthroscopic capsular shrinkage. Furthermore, the 
anterolateral ankle ligaments, as capsular structures, are eas-
ily accessible by the electrocoagulation device under 
arthroscopic vision. The mean length of the elongated ante-
rior talo-fibular ligament is 30 mm, whereas its mean normal 
length is 20 mm (Fig. 5). With 30% shrinkage, the original 
length of the ligament can be regained. Oloff and colleagues 
performed a study that treated ten patients who had chronic 
lateral ankle instability using arthroscopic monopolar radiof-
requency thermal shrinkage. Their results were encouraging; 
patients returned to full activity in 3 months and all patients 
achieved ankle stability [28]. Berlet and colleagues per-
formed a comparable study with 16 patients, with good to 
excellent result in 80% of the patients [4]. De Vries et al. 
conducted a multicenter study that included almost 40 patients 
who had chronic ankle instability. The results showed that 
arthroscopic thermal capsular shrinkage is a safe method, 
and that functional stability is improved in most patients. 
Improvement of mechanical stability is less evident [7]. 
Future studies should answer the question of whether there is 
a permanent mechanical improvement and – if that is not the 
case – what is the alternative explanation for the functional 
improvement.
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Anterior Ankle Impingement

Matjaz Vogrin and Matevz Kuhta 

Introduction

Anterior impingement syndrome, also called footballer’s 
ankle, is a degenerative lesion with osteophyte formation at 
the front of the ankle joint caused by repetitive direct or indi-
rect trauma. The bearing surfaces of the joint are not affected. 
Degenerative lesions often affect athletes with repetitive dor-
siflexion of the ankle joint like soccer and basketball players, 
ballet dancers, and high jumpers. Supination injuries and 
chronic instability can also lead to anterior impingement 
syndrome of the ankle, especially in the medial ankle com-
partment [9, 11, 13].

Pathophysiology

Osteophyte formation in soccer players is likely to be the 
consequence of repetitive microtrauma to the anteromedial 
aspect of the ankle in plantar flexion while kicking the ball 
[4, 11]. In order to control the movement of the ball, maxi-
mal contact area between the ball and the foot is provided by 
maximal plantarflexion of the foot. Therefore, forceful kick-
ing causes injury to the soft tissue, followed by osteophyte 
formation [11].

Osteophytes may also develop as a consequence of 
repeated capsuloligamentous traction due to forced hyper-
plantar flexion [9, 11]. Haematoma and calcification at the 
avulsion site are followed by osteophyte formation, irritation 
of the soft tissue, oedema and inflammation. The anterior 
joint capsule attaches to the tibia proximal at the joint level 
and on the talar side distal to the cartilage border. Arthroscopic 
observations revealed that spurs develop at the joint level on 
the tibia and proximal to the notch of the talar neck, within 
the confines of the joint capsule, making this hypothesis less 
plausible.

The development of bone spurs may be a response of the 
skeletal system to intermittent stress and injury related to 
direct trauma associated with impingement of the anterior 
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border of the lower tibia and talar neck during forced dorsi-
flexion. However, scientific evidence is scarce [10, 11].

Symptoms

The main symptoms and signs of the anterior ankle impinge-
ment are pain and tenderness at the front of the ankle and 
limited dorsiflexion. Pain is not caused directly by bone spur 
formation because the tibial and talar spurs do not overlap, 
but rather by incarceration of hypertrophic synovial or scar 
tissue between bone spurs. Therefore, pain can be located 
over the medial or lateral side of the ankle depending on the 
location of spurs [9–11]. If pain, on palpation, is predomi-
nantly located anterolaterally, the diagnosis is anterolateral 
impingement, but if pain is located anteromedially, the diag-
nosis is anteromedial impingement. The middle anterior 
aspect of the ankle mortise is covered with tendons and 
neurovascular structures and is therefore difficult to access 
by palpation [11]. Oedema after activity is often present. 
Patients may complain of instability. A band of pain across 
the ankle when kicking a ball may be felt by soccer players. 
Sometimes a palpable lump on the distal tibia or superior 
talus may be felt during slight plantar flexion.

In clinical investigation, pain on palpation of the anterior 
ankle enhances with dorsiflexion and is relieved with plantar 
flexion, which is called a positive anterior impingement test. 
Molly, with co-workers, described a test where the investiga-
tor holds the patient’s right heel with the fingers of the right 
hand and the thumb presses on the lateral recessus. With the 
investigator’s left hand, the patient’s foot is passively moved 
from plantar into dorsal flexion. The sensation of pain, or 
its enhancement over the anterior ankle, indicate anterior 
impingement [5]. However, forced hyper dorsalflexion can 
also produce false negative results [10, 11].

In differential diagnosis, we have to consider osteoch-
ondral lesions of the talus, calcification under the malleoli, 
subluxation or a rupture of the peroneal tendons, other deg-
enerative lesions of the ankle joint, synostosis, nerve entrap-
ments, occult fractures of the talus or calcaneus and 
sympathetic dystrophia.

Imaging

Standard anterolateral projections are used to detect the 
presence of bone spurs. However, anteromedial osteo-
phytes may not be detected by standard radiography due to 
the superposition of different parts of the tibia and talus, 
respectively [9–11]. For the detection of medial spurs, a 
special anteromedial impingement view (AMI) is neces-
sary (Fig. 1), where the beam is tilted 45° in a craniocaudal 

direction with the leg at 30° of external rotation and the 
foot in plantar flexion. When standard radiographs are 
combined with AMI radiographs, sensitivity increases to 
85% and 73% for tibial and talar osteophytes, respectively 
[10, 11].

Spur formation can also be estimated by measuring the 
angle between the tibia and talus. A normal angle is esti-
mated to be more than 60°. A smaller angle indicates spur 
formation (Fig. 2), [9].

30° External
rotation

Plantar
flexion

45°

Fig. 1 Anteromedial impingement radiograph

60°

Fig. 2 A normal angle between the tibia and talus is estimated to be 
more than 60°



Anterior Ankle Impingement 637

Magnetic Resonance Imaging (MRI) is required for 
the detection of small spurs, possible soft tissue and 
osseous abnormalities especially at the anteromedial, 
anterolateral and posterior compartments (Fig. 3), [9]. 
The advantage of performing MRI rather than computer 
tomography (CT) or ultrasound is its ability to provide 
a global assessment of the joint and soft tissue prior to 
treatment [1, 8].

Ultrasound can be used to detect synovitic lesions within 
the anterolateral gutter, to demonstrate associated ligamen-
tous injuries and to differentiate soft tissue from osseous 
impingement [3].

Classification

According to Scranton and McDermott, spurs can be divided 
into four groups (Table 1, Fig. 4), [2, 9].

Treatment

Conservative treatment with rest, physical therapy and NSAR 
for 3–6 months is appropriate for patients with mild prob-
lems only [5]. If conservative treatment fails, surgical 
removal of spurs is indicated.

In 1950, McMurray was the first to remove spurs surgi-
cally [6]. An open surgical procedure was later replaced by 
arthroscopic surgery, by which spurs could be removed, pain 
relieved and range of motion (ROM) restored. The procedure is 
performed in maximal dorsiflexion of the foot because the joint 
capsule is not tight in that position. Furthermore, dorsiflexion 
protects the cartilage of bearing surfaces, allowing the removal 
of bone spurs only with minimal risk of cartilage injury [10–12]. 
However, bone spurs may reappear in several months [5, 7, 9].

Injuries to the superial peroneal nerve, anterior tibial 
artery, saphenous vein and extensor tendons are described in 
literature, but can be avoided with good preoperative plan-
ning and good operative technique [5, 12].

Fig. 3 MRI image of tibiotalar osteophytes

Table 1 Scranton–McDermott classification

Grade I Synovial impingement, tibial 
osteophytes <3 mm in size

Grade II Tibial osteophytes >3 mm in size, 
no talar osteophytes

Grade III Large tibial and talar osteophytes, 
often with fragmentation

Grade IV Osteoarthritic destruction of 
anterior ankle joint

Fig. 4 According to Scranton 
and McDermott spurs can be 
divided into four groups:  
grade I (a), grade II (b),  
grade III (c) and grade IV (d)

a b
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Partial weight bearing is advisable for several days after 
the procedure, followed by full weight bearing and physical 
therapy.

Van Dijk showed that a degree of osteoarthritic changes 
of the ankle are better prognostic factors for the outcome of 
arthroscopic surgery for anterior ankle impingement than 
osteophyte location and their size. Long-term follow-up 
showed that in patients without joint space narrowing (grade 
0 and I), the overall percentage of good or excellent results 
was 83%, but only 53% for patients with joint space nar-
rowing (grade II). Asymptomatic osteophytes recurred in 
two-thirds of the ankles with grade I lesions. But in all of 
them ongoing supination trauma or repetitive forced dorsi-
flexion was described [10, 11].
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Syndesmosis Injuries in the Athlete

Jason E. Lake and Brian G. Donley 

Although ankle injuries are common in athletes, injuries to 
the ankle syndesmosis are relatively infrequent, accounting 
for only 1–8% of ankle sprains [16, 86]. The spectrum of 
injury ranges from a “high ankle sprain” to fracture with dis-
location of the tibiotalar joint. A better understanding of the 
complex anatomy of the ankle syndesmosis and an increased 
awareness of these injuries, along with advances in imaging 
and surgical technique, have improved diagnosis and man-
agement, but ankle syndesmosis injuries remain a challeng-
ing problem for both the physician and the patient. Some of 
the issues that remain controversial include operative or non-
operative treatment, type of fixation, and timing of return to 
athletic competition.

Anatomy

The distal syndesmosis is stabilized by four structures: the 
anterior-inferior tibiofibular ligament (AITFL), the posterior-
inferior tibiofibular ligament (PITFL), the inferior transverse 
ligament (ITL), and the interosseous ligament (IOL) [93]. 
The IOL is a thickening of the distal part of the interosseous 
membrane (IOM). The ITL has also been referred to as the 
transverse tibiofibular ligament [66] and described as the 
deep or inferior part of the PITFL [19]. The bony relation-
ship of the fibula and the incisura fibularis of the tibia form a 
true synovial joint with articular cartilage in 75% of indi-
viduals [2]. Failure of the stabilizing ligaments may allow 
lateral translation of the fibula and talus and alter the rela-
tionship of the congruous tibiotalar joint [65]. The PITFL 
provides 40% of the resistance to translation, while the 
AITFL provides 35%, and the IOL provides 22%. Ramsey 
and Hamilton [67] showed that a lateral talar shift of 1 mm 
reduces the contact area by 42%, which may lead to late 
degenerative changes (Ramsey). During normal gait, the 
syndesmosis allows the ankle mortise to widen (up to 
1.5 mm) and allows up to 5–6° of rotation of the tibia on the 
talus [46, 57].
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Mechanism of Injury

The classic description of the mechanism of syndesmotic 
injury is an external rotation force. The force begins on the 
medial side of the ankle, producing a medial malleolar frac-
ture or deltoid ligament injury and continues laterally with 
external rotation of the talus and pressure on the fibula until 
the AITFL fails. Continued external rotation leads to failure 
of the IOL and then the PITFL/ITL before continuing proxi-
mally along the interosseous membrane and exiting the fibula 
through a fracture [61, 65, 86, 93]. In wrestling or American 
football, the foot remains locked in dorsiflexion and the ath-
lete’s torso and tibia internally rotate relative to the locked 
foot [86]. In a survey of National Football League athletic 
trainers, Doughtie [20] noted that 70% of respondents with 
syndesmotic injury had external rotation injuries. However, 
other mechanisms may also lead to injury of the syndesmo-
sis. In a small retrospective study of 15 cases, Hopkinson 
et al. [37] reported that three injuries were caused by hyper-
dorsiflexion, three by inversion, one by plantarflexion, and 
one by abduction/external rotation. Thus, it may be that any 
significant rotational force can produce syndesmotic injury.

Epidemiology

With regard to sport, American football appears to have the 
highest risk for syndesmosis injury, likely because of the risk 
of contact and collision coupled with twisting and cutting 
[12, 84]. Boytim et al. [12] noted an 18% occurrence of acute 
syndesmotic injuries on one American professional football 
team, and Vincelette et al. [84] noted that 32% of Canadian 
football players had calcification of the syndesmosis and his-
tories consistent with chronic symptomatic syndesmosis 
injuries. Syndesmosis injuries also are frequent in hockey, 

rugby, skiing, lacrosse, and wrestling [66]. Lost playing time 
with a syndesmosis sprain is consistently greater than with a 
routine lateral ankle sprain [12, 37, 40]. One reason for the 
longer time before return-to-sport is the frequency of associ-
ated injuries, including anterior talofibular ligament injury, 
bone bruises, fractures, and osteochondral injuries of the 
talar dome [18].

Physical Examination

Patients with isolated syndesmosis injury complain of pain 
in the anterior ankle between the tibia and fibula. This pain 
also may be anterolateral, worsened with forced dorsiflexion 
of the ankle, and radiating up the leg. The distance above the 
ankle that is tender to palpation is termed the “tenderness 
length,” and it may correlate with the degree of injury and 
when a patient can return to sport [59]. When syndesmosis 
injury is associated with a fracture, pain and tenderness may 
be more general about the ankle.

Several tests have been used to identify injuries to the 
syndesmosis (Table 1), including those that evoke pain by 
either compressing the fibula to the tibia (squeeze test, 
crossed leg test) or applying an external force (external rota-
tion stress test) or identify abnormal motion of the fibula 
(fibula translation or drawer test) or the talus (Cotton test) 
[1, 44, 73]. Amendola described the “stabilization test,” 
where several layers of 1.5-in. athletic tape are used to stabi-
lize the syndesmosis just above the ankle (unpublished 
report). Decreased pain with standing, walking, toe raising, 
and jumping is indicative of a syndesmotic injury; this test 
may be helpful in the diagnosis of subacute or chronic injury 
[86, 88]. Alonso et al. [1] reported that only the external rota-
tion stress test has been associated with a longer return to 
play after a syndesmosis sprain. In a biomechanical analysis, 
Beumer et al. [7] showed that, while clinical tests may 

Table 1 Tests for evaluation of syndesmosis injuries

Test Technique Positive result

Squeeze test Fibula is compressed to the tibia midway up the leg Pain

Crossed-leg test Patient rests mid-tibia of injured leg on uninjured leg and 
applies gentle downward force on medial knee

Pain

External rotation stress test Leg is stabilized, then external rotation force is applied to  
the foot

Pain

Fibula translation (drawer) test Examiner attempts to translate the fibular posteriorly and 
compares translation to contralateral leg

Increased translation pain

Cotton test Examiner attempts to translate talus laterally Increased lateral shift compared to 
contralateral side (may also indicate 
deltoid injury)

Stabilization test Several layers of 1.5 in. athletic tape are applied to stabilize 
the syndesmosis just above the ankle

Decreased pain with standing, 
walking, toe raise, and jumping
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suggest syndesmotic injury, they are unable to accurately 
predict the extent of actual mechanical instability.

Imaging

Standard radiographs are most often the initial study used in 
the evaluation of a syndesmosis injury. Weightbearing antero-
posterior (AP), mortise, and lateral views are used to rule out 
fractures as well as ligamentous injuries. The tibiofibular 
clear space (distance from the medial border of the fibula to 
the incisura fibularis) is assessed approximately 1 cm proxi-
mal to the joint and should be <6 mm on the AP and mortise 
views. Additionally, the tibiofibular overlap should be >6 mm 
on the AP and >1 mm on the mortise view [33]. The medial 
clear space (the space between the talus and the medial mal-
leolus at the level of the talar dome) should be equal to the 
other side, equal to the superior clear space, and less than 
4 mm. Though a widened medial clear space may be a result 
of deltoid and syndesmosis injuries, one study noted that 
observers were unable to consistently diagnose syndesmosis 
injury using this radiographic parameter [10].

Dynamic or stress radiographs also may aid in diagnosis 
of syndesmosis injuries without fracture. The ankle is dorsi-
flexed to neutral, and an external rotation force is applied to 
the foot while the leg is stabilized [22]. Medial and lateral 
clear spaces and tibiofibular overlap are evaluated. 
Biomechanical and clinical studies have shown that lateral 
diastasis on stress radiographs more than 2 mm larger than 
the uninjured side is a result of injury to two or more of the 
syndesmosis ligaments [27, 60, 90]. In a biomechanical 
study, Beumer et al. showed that stress views may identify 
more severe injuries, but may not reveal mild injuries and, 
therefore, cannot rule out injury to the syndesmosis [6]. 
External rotation stress radiographs also have been recom-
mended to evaluate the competence of the deltoid ligament 
when a fibular fracture is present, because the combination 
of a fibular fracture and a medial injury is often associated 
with a syndesmosis injury [21, 39, 78].

Computed tomography (CT) scanning is more sensitive 
than radiographs for the detection of minor syndesmotic 
injuries [10, 21, 23]. Ebraheim et al. [21] showed that all 
tibiofibular diastases of 2 or 3 mm could be seen on CT, 
while plain radiographs missed all of the 2 mm diasteses and 
half the 3-mm diasteses. Magnetic resonance imaging (MRI) 
has demonstrated 93% specificity and 100% sensitivity for 
acute AITFL injury and 100% specificity and sensitivity for 
acute PITFL injury [53, 71]. It may be slightly less accurate 
in chronic injuries, with 90% specificity and 95% sensitivity 
[30]. Though CT and MRI are not dynamic tests, MRI has 
the distinct advantage of evaluating the soft-tissue structures 
for injury and does not depend on bony alignment.

Classification

The West Point Ankle Grading system categorizes injuries 
to the syndesmosis as grade I (partial tear of AITFL without 
instability), grade II (no/slight instability with tear of AITFL 
and partial tear of IOL), and grade III (complete tear of the 
syndesmosis complex with definite instability) [38]. Lateral 
diastasis of 2 mm or more compared to the uninjured side on 
stress radiographs, CT, MRI, or arthroscopy is often used to 
classify an injury as grade III [21, 23, 30, 53, 65, 71]. MRI 
or arthroscopy may be needed to differentiate between 
grades I and II injuries. Another study classified injuries as 
latent (seen on stress views) or frank (seen on standard radio-
graphs) [22]. Additionally, it is important to differentiate 
between acute (<6 weeks), subacute (6 weeks to 6 months), 
chronic (>6 months), and atraumatic disorders of the syndes-
mosis [66, 81].

Treatment of Acute Syndesmosis 
Injuries Without a Fracture

Grade I

Treatment of a grade I injury (mild sprain) begins with rest, 
ice, and immobilization, most commonly with a walking 
boot. Several authors have suggested rehabilitation protocols 
for syndesmosis sprains [13, 26, 59, 86], generally consist-
ing of a three- or four-phase program in which the earliest 
phase consists of immobilization and protection during the 
inflammatory period followed by restoration of range of 
motion and strength and finally return to more complex 
activities such as cutting, pivoting, and jumping leading to 
return to sport. Weightbearing status in the early rehabilita-
tion phase is determined by the patient’s pain level and func-
tional presentation. The initial phase usually lasts about 
2 weeks and the patient may return to play when there are no 
symptoms with functional testing (hopping, sprinting, cut-
ting). Average recovery time has been reported to be as brief 
as 10–14 days and as long as 52 days [12, 37, 40, 72, 89]. 
Patient education is important, and the athlete must under-
stand that this usually is a more severe injury with a longer 
recovery period than a typical lateral ankle sprain.

Grade II

Grade II injuries consist of a partial tear of the syndesmosis 
resulting in a soft, but positive endpoint and less than 2 mm of 
laxity on stress radiographs [27, 60, 65, 66, 90]. Differentiating 
between severe grade I and grade II injuries may be difficult 
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acutely, and MRI may be helpful. The treatment of the two 
injuries is similar though the rehabilitation period is longer 
for grade II injuries. Additionally, some authors recommend 
repeat radiographs to ensure no loss of reduction and short-
leg casting (4–8 weeks) for grade II injuries [16, 65]. Others 
have recommended more aggressive treatment of grade II 
injuries in professional athletes to allow an earlier return 
to play [88]; however, there are no studies to validate this and 
a period of early rest usually is a mainstay of the initial 
treatment.

Grade III

Most authors agree that grade III injuries, or those with lat-
eral diastasis of more than 2 mm on radiographic studies or 
arthroscopy, should be treated operatively [22, 37, 86]. 
However, Kennedy [43] and later Clanton et al. [16] noted 
that, if reduction can be maintained in a splint or cast, the 
patient can be treated with immobilization and non-weight-
bearing for 4–6 weeks. Kennedy [43] did note that those with 
surgical repair had earlier return to play. We prefer to treat 
grade III injuries surgically because of the difficulty in 
obtaining good results with treatment of chronic syndesmotic 
injuries.

Treatment of Syndesmosis Injuries 
Associated with a Fracture

It is difficult to diagnose or predict an unstable or complete 
syndesmosis injury based on preoperative radiographs. 
Boden et al., in a biomechanical study, noted that fractures 
3–4.5 cm proximal to the tibiotalar joint and associated with 
a deltoid injury require syndesmosis stabilization [9] 
(Fig. 1a–d). However, if the deltoid is stable without a medial 
malleolar fracture or is competent after fixation of the medial 
malleolar fracture, syndesmosis fixation may not be neces-
sary because the interosseous ligament/membrane should 
still be intact as it originates about 5 cm proximal to the joint 
[9, 80]. Yamaguchi et al. [91], as well as Chissell and Jones 
[15], evaluated these criteria clinically and confirmed the 
conclusion that a stable medial and lateral ankle joint pro-
vides stability to an incomplete syndesmosis injury. The 
problem with using the level of the fibular fracture as a pre-
dictor of the severity of syndesmosis injury is that MRI stud-
ies by Nielson et al. [56] showed that the level of fracture 
does not always correlate with IOM injury. In fact, this study 
showed that 10 of the 30 fractures (33%) had IOM tears that 
did not correspond to the level of the fracture. Jenkinson 
et al. echoed these findings in a clinical study where they 

noted that unpredicted syndesmosis instability was noted in 
37% of fractures [78]. Thus, the most reliable way to deter-
mine the need for syndesmosis fixation is to fix the fractures 
and then perform an intraoperative stress test, such as the 
external rotation test stress test or the modified Cotton test 
[47], and evaluate the fluoroscopic images. Direct observa-
tion of the syndesmosis at the time of surgery also can be 
used to evaluate for instability.

Considerations During Operative Treatment 
of a Syndesmosis Injury

Importance of reduction. Many different operative tech-
niques and implants have been described in the literature, but 
the most important aspect of operative treatment is the actual 
reduction of the fibula to the incisura fibularis of the tibia. 
Reduction can be confirmed indirectly using radiographic 
criteria or visually: the anterior rim of the fibula should be 
flush with the Chaput tubercle of the distal tibia [66]. Pottorff 
and Kaye [64] noted that the syndesmosis usually is under-
reduced, while others noted that malreduction may go unde-
tected on radiographs up to 24% of the time [25]. Miller et al. 
compared reduction under direct observation to fluoroscopy-
guided reduction and on postoperative CT noted a 16% mal-
reduction rate for direct observation compared to 52% for 
fluoroscopy [50]. This study suggests that anatomic reduc-
tion is difficult (even with direct observation) and that nonan-
atomic reduction probably is more common than suspected. 
Chissel and Jones noted that poor or fair outcomes were 
twice as common as good or excellent outcomes after nonan-
atomic reduction of the syndesmosis [15]. Reduction may 
not be possible if the deltoid ligament is contained in the 
medial gutter, and a medial incision or ankle arthroscopy 
may be necessary to remove the ligament from the medial 
gutter.

Ankle position during reduction. Stabilization of the syn-
desmosis with the ankle in maximal dorsiflexion historically 
has been recommended because the talar dome is wider ante-
riorly, but Tornetta et al. demonstrated that the position of the 
ankle during fixation does not lead to loss of dorsiflexion or 
over-compression of the distal tibiofibular joint [79]. 
Currently, the syndesmosis usually is fixed with the ankle in 
neutral or slight plantarflexion.

Optimal screw position. Because the fibula is posterior to 
the tibia, it is recommended that the implant be placed at a 
30° angle from posterolateral to anteromedial [54]. If fixa-
tion is placed too proximal, the fibula may be deformed. 
If angled proximal, fixation may shift the fibula proximally, 
and if fixation is angled distally, the fibula may be shifted 
distally [85]. Other studies have suggested that the optimal 
position is parallel to the ankle joint, perpendicular to the 
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distal tibiofibular joint, and between 2 and 4 cm from the 
ankle joint line [45, 48, 54, 80].

Screw composition. Screw composition can be stainless 
steel, titanium, or bioabsorbable material such as polylactic 
acid. Beumer et al. found in a biomechanical study that there 
was no difference in strength of fixation between stainless 
steel and titanium implants [8]. Titanium implants may lead 
to less artifact if a MRI is obtained in the postoperative 
period. Bioabsorbable implants, although shown to have suf-
ficient fatigue and failure strength, have side effects such as 
osteolysis and foreign body reaction; these are less common 

with newer materials [11, 38, 42, 62, 75, 92]. Initially, bioab-
sorbable implants were an attractive alternative because, 
despite their higher cost, they do not require a second proce-
dure for removal; however, some authors have recently rec-
ommended not removing implants regardless of material, 
thus making bioabsorbable implants less advantageous.

Number of screws. Mechanical studies have shown that 
two screws are superior to one screw [60]. Clinical studies 
have suggested that two screws should be used in purely 
ligamentous injuries, Maisonneuve fractures, and over-
weight, diabetic, or noncompliant patients, but these 

a

c

b

d

Fig. 1 (a–c) High lateral 
malleolar fracture with deltoid 
injury in a professional American 
football player. Disruption of the 
syndesmosis and deltoid is 
evident on the MRI (d)
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recommendations are based more on retrospective experi-
ence than good prospective studies [28, 66, 80, 83].

Number of cortices. Beumer et al. in a biomechanical 
cadaver study, showed no difference in strength and fixation 
capacity between three and four cortices [8]. It has been sug-
gested that three cortices of fixation may allow greater physi-
ologic motion and possibly lead to loosening rather than 
screw breakage with weightbearing [36, 67]. More recently, 
however, Nousiainen et al. showed no difference in ankle 
motion, tibiotalar rotation, or syndesmotic width with either 
three or four cortices of purchase [58]. If there is hardware 
breakage and screw removal is desired, it may be easier to 
retrieve the broken piece medially if the fourth cortex is pen-
etrated. A retrospective study by Hamid et al. noted that the 
number of cortices engaged did not correlate with clinical 
outcome or screw breakage [29]. Recent randomized pro-
spective trials comparing three or four cortices showed no 
difference in function, pain, dorsiflexion, or need for hard-
ware removal at 1 year [36, 51].

Screw diameter. Both 3.5- and 4.5-mm screws have been 
used to stabilize the syndesmosis. In a biomechanical study, 
Thompson and Gesink found no advantage of a 4.5-mm 
screw over a 3.5-mm screw in tricortical fixation, but with 
quadricortical fixation, use of a 4.5-mm screw increased 
resistance to the shear stresses of weightbearing [32, 51, 74]. 
Another study noted that two 3.5-mm tricortical screws 
appeared to provide more stability than a single 4.5-mm 
quadricortical screw [36]. The 4.5-mm screw has a larger 
head that may lead to patient discomfort but may permit eas-
ier removal. In general, we base our choice of screw size on 
factors such as the size of the fibula, the weight of the patient, 
whether or not the patient is diabetic or neuropathic, and pre-
dicted compliance with non-weightbearing recommenda-
tions and have favored metal screws over bioabsorbable 
screws. Further studies are needed to better define the indica-
tions for a 4.5- or 3.5-mm screw.

Screw removal. The decision to retain or remove syndes-
mosis screws before full weightbearing continues to be a 
source of controversy. Most surgeons who recommend screw 
removal usually do so at 8–12 weeks. Physiologic motion of 
the distal tibiofibular joint with widening of the mortise has 
been demonstrated with normal weightbearing, and screw 
fixation may prevent this motion, at least temporarily [5]. 
Some authors have noted breakage of screws with premature 
weightbearing [3, 55]. One study found that 91% of patients 
with tricortical fixation had loosening but no breakage of 
screws after weightbearing [34], and the authors suggested 
that tricortical fixation might decrease screw breakage with 
weightbearing. Hamid et al. in a retrospective study noted 
that the number of cortices did not correlate with breakage, 
though only seven patients had quadricortical fixation [29]. 
While loose or broken hardware can make for an unsightly 
radiograph, several studies have shown that retained 

syndesmosis screws, even if loose or broken, do not affect 
the clinical outcome [3, 29, 34, 51]. We generally have the 
patient start weightbearing in a boot at 6 weeks. The boot 
prevents external rotation and lessens the chance of screw 
breakage. The patient continues in the boot for 12 weeks 
after surgery, at which time the syndesmotic screw or screws 
are removed.

Alternatives to screw fixation. Recently a suture-endobutton 
construct has been described to stabilize the syndesmosis. 
Thornes et al. in a cadaver study [76] and a later retrospective 
clinical study [77], noted no difference in the rates of failure 
between the suture device and a 4.5-mm quadricortical screw. 
Additionally, patients stabilized with the suture device had 
less pain at 3 and 12 months, faster return to work, and 
improved functional outcome scores. No patients required 
device removal. In a retrospective, nonrandomized, noncon-
trolled trial in 2008, Cottom et al. reported good results in 
25 patients treated with a suture-endobutton device [17]. No 
re-displacement of the syndesmotic complex was noted, and 
no devices required removal at average follow-up of 
10.8 months. While neither of these clinical trials reported 
any patients with suture-endobutton removal, Willmott et al. 
[87] reported 2 of 6 patients and McMurray et al. [49] 
reported 2 of 16 patients who required removal because of 
soft-tissue irritation (3 patients) or infection (1 patient). In all 
cases, the syndesmosis remained functionally intact.

Thornes et al. suggested that the suture-endobutton pro-
vides resistance against diastasis while allowing physiologic 
micromotion [76, 77]; however, a recent biomechanical 
study by Soin et al. demonstrated that a 3.5-mm quadricorti-
cal screw showed similar fibular motion as a suture-endobut-
ton and that neither device restored native ankle motion 
while in place [70].

Given the limited literature on this topic, we believe that 
further large, prospective, randomized, controlled studies are 
necessary to evaluate the suture-endobutton technique before 
its widespread use. In our athletes, we still favor screw fixa-
tion for the syndesmosis.

Midshaft and proximal fibular fractures. Most surgeons 
would agree that a distal fibular fracture with a syndesmosis 
injury resulting in malalignment of the ankle should be fixed 
along with the syndesmosis to restore the ankle mortise and 
ankle stability. Additionally, most would agree that very 
proximal fibular fractures associated with medial ankle and 
syndesmosis injury should not be surgically repaired with 
direct plate fixation because of the risk of injury to the per-
oneal nerve. Fixation of the syndesmosis alone will stabilize 
the lateral ankle and maintain normal lateral ankle anatomy 
[35]. However, there is controversy regarding fractures that 
are mid-diaphyseal. One point of view is that plating the 
fibula introduces risks of neurovascular and wound compli-
cations and that the fixation of the syndesmosis provides 
enough stability to the fibula [68]. On the other hand, Ho et al. 
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suggested that plating the mid-diaphyseal fibular fracture 
improves fixation strength as well as accuracy of syndesmo-
sis reduction. Their biomechanical study showed that plating 
of the mid-diaphyseal fibular fracture was superior to syn-
desmosis fixation alone with regard to restoring rotational 
stability, load to failure, energy absorbed, and stiffness [35]. 
We believe it is crucial to anatomically reduce the syndesmo-
sis, and that surgically reducing the fibula, even mid-shaft, 
will aid in a reduction (length and rotation) that has been 
demonstrated to be very difficult to obtain (Fig. 2). We do, 
however, weigh the risks and benefits of the surgical approach 
for each patient and realize that malreduction of the fibular 
fracture may ultimately lead to malreduction of the 
syndesmosis.

Management of Subacute and Chronic 
Syndesmosis Injuries

Some syndesmosis injuries are not diagnosed in the acute 
phase and have a subacute (6 weeks to 6 months) or chronic 
(>6 months) presentation. Patients often report a sensation of 
giving way, pain, and loss of motion, but complaints may be 
more vague than those after an acute injury [66]. Diagnosis 
is aided by the use of stress radiographs, CT, and MRI and 
can be confirmed arthroscopically. Van den Bekerom et al. 
made recommendations based on findings in the literature 
and their clinical experience [81]. While some authors have 
reported successful treatment of subacute and chonic injuries 

with arthroscopic débridement and screw fixation [69, 86], 
van den Bekerom et al. [81] recommended a more individu-
alized approach. They recommended assessing the ligament 
remnants for subacute injuries and, if remnants are inade-
quate, ligamentoplasty with screw placement is done. 
Multiple studies have demonstrated successful outcomes 
using peroneus longus, semitendinosus, or extensor tendons 
[14, 27, 31, 52, 94]. Slack but continuous ligaments can be 
treated by translation osteotomy such as that described by 
Beumer et al. [4] and van Dijk [82]. Subacute injuries with 
adequate remnants are repaired along with screw fixation. 
Although these authors recommended that screws be removed 
at 6–12 weeks postoperatively, we favor leaving screws in 
permanently after surgical reconstruction of subacute and 
chronic syndesmotic injuries.

For chronic injuries, van den Bekerom et al. [81] recom-
mended distal tibiofubular joint fusion (synostosis) based 
mainly on their clinical experience. While some authors have 
noted good results with reconstruction of chronic injuries 
[4, 69, 94], other studies have reported predictably good or 
excellent outcomes in patients treated with synostosis 
[24, 41, 63]. Proponents of reconstruction believe that it 
leads to more normal ankle movements [24, 66]. One study 
noted that rigid fixation or synostosis does not affect dorsi-
flexion of the ankle, but they did not comment on other phys-
iologic movements [79]. Also of interest is that in the small 
study by Schuberth et al. the patient with the best functional 
outcome and pain/AOFAS score was the one patient who 
inadvertently developed a synostosis [69]. While reconstruc-
tion appears adequate for subacute conditions, further stud-
ies are needed to delineate which patients are better treated 
with synostosis than with reconstruction and to determine 
the long-term effects of synostosis on the ankle joint.

Conclusion

The syndesmosis is a complex structure that when injured 
can lead to a delayed recovery and long-term disability if not 
properly diagnosed and treated. Early diagnosis requires a 
detailed physical examination coupled with static and often 
dynamic imaging modalities. Early diagnosis is crucial 
because injuries diagnosed in the subacute or chronic stages 
usually fare worse than those diagnosed acutely. While cer-
tain aspects of treatment remain controversial, the corner-
stone of treatment remains accurate reduction of the 
syndesmosis with stabilization. Future studies may aid in the 
confirmation of an accurate intraoperative reduction and 
continue to delineate the optimal surgical treatment plan. 
Until controversies are resolved, it is up to the surgeon to use 
the information currently available and develop a treatment 
plan that is most appropriate for each individual patient.

Fig. 2 After open reduction and internal fixation with plate and screws
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Osteochondral Injuries of the Talus

Nurettin Heybeli and Önder Kılıçoğlu 

Abbreviations

ACI autologous chondrocyte implantation
CT computerized tomography
MRI magnetic resonance imaging
OAT osteochondral autograft transfer
OLT osteochondral lesions of talus

Introduction

Osteochondral lesions of talus (OLT) cause deep ankle pain 
mostly associated with weight-bearing. Functional deficit 
which may lead to decreased performance is a problem. 
Limitations of ankle range of motion, stiffness, catching, 
locking, and swelling may even preclude the athlete perform-
ing sports activity. These symptoms can not only handicap 
sports activity but may also place the athlete’s ability to walk, 
and even work, at risk.

In this chapter, current approaches in diagnostic work-up 
and classification of OLT are summarized and available 
treatment modalities are presented. Placing emphasis on cur-
rent treatment methods including arthroscopy-aided tech-
niques, which have become one of the mainstays in the 
treatment of athletic injuries with less morbidity, lesion-spe-
cific details concerning equipment and setup are given.

Definitions

Problems associated with articular cartilage can be examined 
in two main groups: chondral lesions, which are limited to 
hyaline cartilage only, with no subchondral osseous lesion in 
the early stages of the disorder particularly, and osteochon-
dral lesions, which are characterized by problems in the sub-
chondral bone from the commencement of the disorder. 
Primary degenerative problems, which can be considered as 
isolated chondral lesions, or isolated traumatic cartilage 
defects of the talar dome are rare. Chronic OLT, on the other 
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hand, are seen relatively more frequently. Acute traumatic 
injuries of the articular surface of the talar dome are defined 
as osteochondral fractures. Osteochondrosis (-itis) dissecans 
is a special type of OLT in which an osteochondral fragment 
separates and is erroneously used by some authors for 
describing all types of OLT. Slow separation is characteristic 
and genetic predisposition, microtraumas and malperfusion 
are possible etiologic factors.

Incidence and Etiology

Osteochondral injuries of the talus caused by sports trauma 
are not uncommon and present a challenging problem both 
to the athlete and the surgeon. An OLT affecting the cartilage 
and subchondral bone is typically caused by traumatic 
event(s) which may lead to partial or complete detachment of 
the fragment. Patients presenting with an OLT are usually 
athletes and/or have a significant history of ankle injury. 
There is an age distribution of 20–40 with a predilection to 
men (1.6:1) [42].

There is consensus on the conception that all ankle inju-
ries – ankle sprains notably – can potentially cause OLT. 
Ankle fractures or fall from height can cause OLT; however, 
ankle sprains are the most common injury leading to OLT for 
athletes [42]. The common mechanism of plantar flexion and 
supination during ankle sprains can be responsible for dam-
age to posteromedial corner of the talus. Ninety-eight per-
cent of the laterally seated OLTs are associated with trauma 
whereas this correlation is about 70% on the medial side [12, 
51]. Ankle injuries in athletes are common problems with 
varying frequencies. Mountaineering, basketball, running, 
ice skating, snowboarding, and football (soccer) have high-
est rates of possible injury [41].

Arthroscopic examinations of the ankle joint after a lat-
eral ligament sprain shows a high incidence of accompany-
ing OLT [34]. Osteochondral lesions of the talus are related 
to acute and chronic ligamentous lesions of the ankle, and 
malleolar fractures which are common injuries in athletes. 
Takao et al. reported 65 cases with osteochondral lesion out 
of 92 distal fibular fractures at the time of osteosynthesis 
(70.7%). In the same study, out of a total of 86 cases of lat-
eral instability of the ankle, 35 (40.7%) had an osteochondral 
lesion. The subacute cases were found to have a lower inci-
dence (19.4%) while patients with chronic lateral instability 
of the ankle had osteochondral lesions more common (56%) 
[47]. These findings supported the data presented by 
Hintermann et al. who reported high percentages of cartilage 
lesions in patients with chronic ankle instability, especially 
with deltoid ligament injuries compared to lateral ligament 
(98% vs. 66%) [25].

Local ischemia and local necrosis are also suggested 
as possible nontraumatic causes. Bilateral occurrence of 

lesions in one-tenth of cases [7] and occurrence of similar 
lesions in twins [57] and siblings [1] are shown as proof by 
defendants of the opinion that nontraumatic causes are also 
associated [4].

Natural History

A time period is usually found for transition from an acute 
ankle injury to OLT. Synovial fluid intruding through a talar 
cartilage defect is thought to be responsible for a talar cyst. 
This may be aggravated with strenuous activity during sports 
or exercises if the athletes have been treated as a pure lateral 
ligament injury patient.

OLT are generally treated surgically although there are 
reports advocating more conservative approaches as the 
radiographic changes of osteoarthritis did not correlate with 
clinical outcome [44]. However, symptomatic OLT fre-
quently necessitates surgical treatment. It is assumed that 
cartilage lesions are correlated with the development of 
osteoarthritis. Stufkens et al. presented a series of 109 inter-
nally fixed ankle fracture patients who were available for 
follow-up after a mean of 12.9 years. The authors found out 
that cartilage damage anywhere in the ankle joint was associ-
ated with a suboptimal clinical outcome (p = 0.02) and radio-
graphic outcome (p = 0.04). They also found an association 
between the development of clinical signs of osteoarthritis 
and a deep lesion (>50% of the cartilage thickness) on the 
anterior (p = 0.02) and on the lateral aspects of the talus 
(p = 0.02). A deep lesion on the medial malleolus was associ-
ated with the development of clinical (p < 0.01) and radio-
graphic signs of osteoarthritis (p = 0.03). The authors 
suggested that initial cartilage damage seen arthroscopically 
following an ankle fracture is an independent predictor of the 
development of post-traumatic osteoarthritis with unfavor-
able clinical outcome of lesions on the anterior and lateral 
aspects of the talus and on the medial malleolus [46].

Clinical Findings and Physical Examination

Pain is the most frequent symptom of OLT. Pain is triggered 
by activity, is not expected to prevent walking but might sig-
nificantly restrain sports activities. Pain intensity may fluctu-
ate in chronic cases. It is unlikely to diagnose a cartilage 
defect just by clinical examination. Ankle movements do not 
usually provoke pain. Local tenderness cannot be elicited 
with palpation. The patient may localize pain at a totally dif-
ferent point than actual location of the lesion. Night pain is 
not typical; addition of this symptom to the clinical picture 
should prompt investigation of differential diagnoses such 
as bone marrow edema or avascular necrosis. Catching 
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sensation or palpable nodules due to loose bodies are rarely 
seen as complaints in addition to pain.

The classic comparative examination of both ankles is 
even more important as the patient may have subtle signs. 
Effusion or instability may not be present. Palpation at maxi-
mum plantar flexion should be performed. Provocative 
maneuvers to provoke mechanical symptoms are required. 
Almost all the pathologies of and around the ankle are in the 
differential diagnosis, primarily peroneal tendon problems, 
syndesmotic injury, malleolar avulsion or stress fractures, 
and anterior process fracture of the calcaneus.

Imaging

With the advances in diagnostic tools, cartilage injuries 
have become increasingly recognized. Advanced imaging 
provides detailed information of the lesion and helps to 
determine staging and the appropriate treatment method. 
Computerized tomography (CT) shows bony pathology bet-
ter and magnetic resonance imaging (MRI) is most useful for 
chondral defects and bone edema.

Imaging modalities are extensively used in both diagnosis 
and classification of OLT. Plain radiography must always be 
the first radiologic exam to be ordered if OLT is suspected; 
however, the defect can be identified only at the later stages 
of the disease (Fig. 1). Since the talus has a dome shape, 

slight plantar-flexion of the ankle may help better visualiza-
tion of the lesions in radiographs, particularly those in the 
posterior half of talus [50]. The likelihood of visualizing 
these lesions increases as the size of osseous involvement in 
the talar dome increases. Computerized tomography and 
MRI are advanced imaging studies which are far more sensi-
tive for OLT when compared to plain radiography [54]. 
These two imaging modalities serve different purposes. 
Magnetic resonance imaging should be the second exam to 
be ordered after plain radiography because it is sensitive 
even in the early stages in which structural changes have not 
yet taken place. The integrity of articular cartilage, the vital-
ity of subchondral bone, the extent of bone marrow edema 
adjacent to the lesion, the presence of other lesions on the 
talar dome or tibial articular surface, and the presence of 
lesions in neighboring joints can be inspected with the help 
of MRI (Fig. 2). On the other hand, determining the actual 
extent of the lesion might be difficult in cases where there is 
diffuse bone marrow edema. A CT scan should be ordered in 
order to detect the presence of any subchondral fracture and 
to determine the size of any cysts and their relationship with 
the joint (Fig. 3). Diagnostic arthroscopy may be used to 
determine the extent of the intra-articular pathology; how-
ever, most surgeons prefer to use it as a means of interven-
tion. Therefore, a thorough imaging for elite athletes is 
recommended preoperatively.

Fig. 1 Osteochondral lesion of the talar dome located medially

Fig. 2 Osteochondral lesion on the medial aspect of the talar dome. 
Osteochondral fragment is still viable. Note the marked bone marrow 
edema of talus
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Classifications and Staging

The classification, which was devised by Berndt and Hardy as a 
result of a cadaveric study and published in 1959 [6], is the first 
effort in the literature to classify OLT and is still the most fre-
quently used radiologic classification today (Fig. 4a–d). 
However, this classification system addresses only traumatic 
osteochondral fractures and neglects the components of more 
common chronic lesions. Other parameters which are not 
observed in acute cases but have an impact on prognosis should 
be taken into consideration when deciding on treatment of OLT. 
The classification proposed by Hepple et al. in 1999 [23] evalu-
ates the condition of articular cartilage, the vitality of osseous 
part of the fragment, and the presence of subchondral cysts, 
which are important criteria in addition to the displacement of 
the fragment when choosing the appropriate treatment method  
(Fig. 5a–f; Table 1). We believe that this more comprehensive clas-
sification is more suitable as a radiologic classification system.

Treatment Options and Algorithm

Osteochondral lesions of talus comprise a large group of 
greatly varying lesions. Our treatment strategy will be more 
accurate if we can better appreciate these lesions. Mostly, 

Fig. 3 OLT on the medial aspect of the talus dome. Size of the sub-
chondral cyst is visible and subchondral bone is intact

c d

a b

Fig. 4 Berndt and Harty classification 
(a–d). (a) Stage 1: small area of subchon-
dral bone contusion; (b) Stage 2: partially 
split osteochondral fragment; (c) Stage 3: 
completely split and partially separated 
fragment; (d) Stage 4: separated or flip-flop 
fragment
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we have to know which treatment option is suitable for 
which patient. For instance, we should keep in mind that the 
rate of success for biologic reconstruction is low in patients 
who are older than 50 years, or we should avoid malleolar 
osteotomies in adolescent patients. We should not forget 
that surgical treatment is rarely successful in patients with 
lesions on both sides of the joint, kissing talar, and tibial 
surfaces. It should also be remembered that correction of 
alignment is prioritized in patients with lower extremity 
malalignment.

Treatment options for OLT have considerably increased 
over the years. Main treatment options are nonsurgical treat-
ment with immobilization, surgical excision of the lesion, 

excision and curettage, excision combined with curettage 
and drilling and/or microfracturing (i.e., bone marrow stimu-
lation techniques), placement of an autogenous (cancellous) 
bone graft, antegrade (transmalleolar) drilling, retrograde 
drilling, fixation, and newer techniques such as osteochon-
dral transplantation (osteochondral autograft transfer system, 
OATS), which focus on replacement and autologous chon-
drocyte implantation (ACI), which focuses on regeneration 
of hyaline cartilage. The last two techniques have been popu-
lar during the last decade.

A treatment scheme can be suggested on the basis of 
Berndt and Harty classification for osteochondral fractures 
which present in acute stage. Acute lesions are usually treated 
conservatively. Cast immobilization is not mandatory but 
avoidance of weight-bearing is advised. Boot walker immo-
bilization is appropriate and the duration of immobilization 
and weightbearing status is determined with the stage of 
the lesion.

Conservative management is the treatment of choice for 
all ages in type I and II. This may yield good results even in 
type III lesions of adolescent patients [24]. Before starting 
treatment with cast immobilization, the patient should be 
informed that full recovery is unlikely. Surgery is the treat-
ment of choice in type IV lesions for all ages and in type III 

a

d e f
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Fig. 5 (a–f) Hepple’s MRI classification. For details check Table 1

Table 1 Hepple’s [23] MRI classification

Stage 1: Damage limited to articular cartilage

Stage 2A:  Cartilage damage accompanied by fracture and edema of 
the underlying bone

Stage 2B: Stage 2A without bone edema

Stage 3: Split fragment without separation

Stage 4: Split and separated fragment

Stage 5: Subchondral cysts
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lesions for adult patients [7]. Fixing the fragment was recom-
mended and different techniques of fixation were described 
in the 1980s when sports surgery was developing rapidly 
[29, 56]. Malleolar osteotomy was usually required in order 
to anatomically reduce the fragment and to place the fixation 
instrument in the correct direction. However, in the follow-
ing years, it was observed that fixing the fragment in ana-
tomical position rarely yielded successful results as expected. 
At present, excision of fragments smaller than 10–15 mm 
and fragments with an osseous part that is too small to 
accommodate fixation material is accepted as the best 
approach. In acute cases, reviving the base of the lesion with 
curettage is sufficient after removal of the fragment; drilling 
and microfracture are not necessary. This procedure can be 
performed arthroscopically.

Treatment method will be chosen according to the magni-
tude of symptoms and the size of the lesion in chronic cases. 
Patient’s age and the condition of articular cartilage on the 
tibial side are also important criteria when deciding on the 
treatment. Chronic lesions, which are incidentally discovered 
or do not cause any limitation of activity, do not require treat-
ment. Chronic lesions require surgical interventions espe-
cially when symptomatic. Diffuse degenerative changes are 
rarely observed in isolated OLT cases which are followed up 
for a long time [32]. Immobilization is not indicated in chronic 
lesions. Early stage lesions are usually treated by arthroscopic 
debridement with drilling or microfracture. The size of the 
lesion is an important parameter while planning the treatment 
method for Berndt and Harty stage III or IV lesions.

Numerous surgical techniques have been described in the 
years for the treatment of chronic lesions. Although the pro-
cedures show great variation, they can be classified under 
three main groups [58]:

1. Techniques which preserve articular cartilage: Retrograde 
or antegrade drilling, bone grafting or internal fixation

2. Techniques which cover the defect with fibrocartilage: 
Debridement, removal of loose bodies and stimulation of 
bone marrow (microfracture, abrasion arthroplasty, drilling)

3. Techniques which cover the defect with hyaline cartilage: 
Osteochondral autograft transfer (OAT), reconstruction 
with allograft or autologous chondrocyte implantation 
(ACI/MACI)

These three different approaches or the different techniques 
in these groups should not be regarded as interchangeable, 
alternative methods. The size, depth, chronicity, necrosis 
rate, cystic nature, displacement of the lesion, the viability of 
the articular cartilage, and the presence of a lesion on the tib-
ial side are all data that must be carefully assessed to specify 
the ideal treatment. Hepple classification [23] includes most 
of these parameters. The patient’s age, level of athletic activ-
ity, expectations, economic issues, and the adequacy of tech-
nical equipment available to the surgeon are also important 

factors that influence the choice of treatment. The philoso-
phy, indication limits, and results of these treatment groups 
are summarized below.

Techniques Which Preserve Articular Cartilage

Techniques in this group can be applied to preserve the carti-
lage in cases where the articular cartilage is shown to be 
intact. Preoperative MRI should be utilized to show that the 
cartilage is intact and there is no joint fluid penetration 
around the fragment. Arthroscopic examination should con-
firm that there is no detachment of the articular cartilage. 
We observe that adolescent patients in particular satisfy these 
conditions. After the decision to preserve the articular carti-
lage is made, the technique is specified based on the preop-
erative MRI and CT examinations. If there is a viable and 
substantial subchondral bone (Hepple Type 3), then our aim 
should be to obtain a union between the fragment and the 
talar bone. For this purpose, the border between the fragment 
and the intact bone is drilled with Kirschner wires. Drilling 
can be performed in two ways: antegrade fashion in which 
fine wires are inserted through the articular surface or retro-
grade fashion in which large-diameter wires are inserted 
through the medial or lateral aspect of the talar body [48]. 
Both types of procedures are performed arthroscopically 
aided and using guide wires. Methods utilizing 3-D imaging 
systems [14] or CT guidance [3] have also been reported for 
retrograde drilling in recent years.

If the subchondral bone is not viable, then debridement of 
this necrotic bone is recommended. Debridement of sub-
chondral bone, while preserving the cartilage, is possible 
only in retrograde fashion. Tunnels created with cannulated 
drills and small curets are usually used for this purpose. This 
is a demanding technique which requires the simultaneous 
use of arthroscopy and radiologic imaging methods. 
Retrograde grafting of the subchondral defect after debride-
ment is among the described options [11].

Techniques Which Cover the Defect 
with Fibrocartilage

Techniques included in this group are also known as “bone 
marrow stimulating techniques”. These techniques are 
originally described for lesions with focal full-thickness 
cartilage loss without accompanying subchondral osseous 
injury. All involve drilling of the subchondral bone in vary-
ing sizes depending on the specific technique. The purpose 
of this procedure is to allow the bleeding to reach the artic-
ular surface with the resultant hematoma gradually forming 



Osteochondral Injuries of the Talus 655

a fibrocartilage layer due to its stem cell content and thus 
covering the defect. The first technique which was proposed 
with this rationale involved shaving off of the total area of 
exposed subchondral bone [31]. Instead of this technique, 
which is known as abrasion arthroplasty today, Pridie sug-
gested spaced drilling of the subchondral bone, leaving 
intact areas of bone among the drill holes, in 1959 [35], and 
Insall popularized this technique later on [26]. Steadman, 
on the other hand, suggested fracturing the subchondral 
bone with special-tipped “microfracture set” instead of 
drilling [45], because of an advantage of preventing ther-
mal necrosis.

In OLT cases in which there is detachment of articular 
cartilage, the fragment is loose, there is joint fluid below the 
fragment on MRI, and the symptoms are long-standing; the 
loose fragment and the necrotic bone underneath should be 
removed. After the removal of necrotic parts, the OLT bed is 
curetted until living bone is visualized. This technique, 
which is performed arthroscopically and is shortly known as 
“curettage,” is the most common method of treatment for 
OLT and is significantly more successful compared to 
removal of the loose fragment alone. Trabecular bone is 
exposed after curettage. Trabecular bone provides a bleeding 
surface even if drilling is not performed. At this stage, we 
have reached the same point as “abrasion arthroplasty.” 
However, there is a sclerotic layer deep in the necrotic bone 
especially in chronic cases and this layer cannot be pene-
trated with curettage. If there is such a sclerotic layer or if no 
bleeding is predicted, then drilling or microfracture of the 
OLT bed is indicated.

Isolated chondral lesion designated as type 1 and 
osteochondral lesions type 2a, 2b, 3, and 4 according to 
Hepple classification can be treated with this method. It is 
commonly agreed upon that debridement, until bleeding 
bone is reached, is sufficient for cartilage defects smaller 
than 1 cm2 [58]. Microfracture yields less successful 
results in the treatment of lesions exceeding 1.5 cm2 and 
lesions associated with deep cysts [15]. Even though the 
area of lesion is small, it is not expected of Hepple Type 
5 deep defects to be completely filled with fibrocartilage. 
Some authors have suggested filling the defect with autog-
enous cancellous graft to avoid pitting on the surface after 
the lesion has healed [28, 39]. Narrow and deep defects 
can be treated with this technique but the sphericity of 
articular surface cannot be preserved in wide and deep 
defects. More radical interventions are required for these 
lesions. Although successful results have been reported 
with repeat arthroscopic debridements on patients who 
did not benefit from previous curettage and drilling pro-
cedures [38], the more common notion is that repeating 
the same procedure is not going to help and it is more 
appropriate to choose a technique which can cover the 
defect with hyaline cartilage.

Techniques Which Cover the Defect 
with Hyaline Cartilage

There are two techniques currently used for covering large 
defects with hyaline cartilage: osteochondral autograft 
transfer (OAT) and autologous chondrocyte implantation 
(ACI). Since OAT can be performed in a single session, it 
can restore bone loss in deep defects and costs less than 
ACI, it is the most preferred technique between the two. 
Arthroscopically aided OAT is feasible especially in small 
anterior lesions, which can be filled with a single cylinder 
[2]. A technique for retrograde OAT without malleolar 
osteotomy has also been described for posterior lesions 
[27]. Although clear distinctions have not been made, ACI 
is accepted as the treatment of choice for lesions larger than 
1–1.5 cm2 but smaller than 3 cm2 [15, 58]. ACI is a more 
effective technique for the treatment for defects larger than 
3 cm2. If the lesion is deeper than 0.5 cm, bone graft should 
be laid down underneath the cartilage layer which will be 
placed during ACI (sandwich technique). Researches on 
ACI applications, which have not been technically per-
fected, concentrate on “scaffolds” which will carry the 
chondrocytes (Fig. 6). Various materials are already com-
mercially available. When chondrocyte-carrying scaffolds 
are used, ACI procedures can be performed arthroscopi-
cally without the need of a malleolar osteotomy [49]. 
Although it is theoretically possible to reconstruct lesions 
of all diameters and all depths with the ACI technique, talus 
allograft reconstruction is recommended for very large 
defects [18, 36].

Arthroscopy Technique in the Treatment 
of Talus Osteochondral Lesions

We should be aware of the condition of both tibial and talar 
articular cartilage when we are deciding on the therapeutic 
approach for an OLT. Although MRI is very helpful to us for 
this purpose, the final decision must be made according to 
the arthroscopic examination. This means that all patients 
deserve a diagnostic arthroscopy.

Findings of arthroscopic examination can be classified 
according to Ferkel (Table 2) [10]. After the most suitable 
therapeutic approach is selected, it should be decided whether 
this technique can be applied arthroscopically. Curettage and 
microfracture can be performed on all parts of the talar dome 
arthroscopically. However, in order to perform more advanced 
treatment methods such as OAT and ACI arthroscopically, 
either the lesion should be located in the anterior one-third 
which is readily accessible or the procedure should be per-
formed completely or partially with retrograde technique. 
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Fig. 6 (a–e) Autologous chondrocyte 
implantation with a collagen cell carrier in a 
22-year old college athlete. 
(a) Anteroposterior ankle radiograph 
showing medially located lesion; (b) sagittal 
section of the lesion on MRI; (c) preoperative 
view after malleolar osteotomy showing the 
loose fragment; (d) the defect after removal; 
(e) reconstruction of the defect after the 
application of fibrin glue for adherence and 
final implantation; (f) cultured chondrocytes 
in the medium before application

a b
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Retrograde OAT is not listed among routine arthroscopic 
treatment applications because it requires special equipment 
and more surgical experience.

Position and Distraction

Since OLT is most often located in the middle or anterior 
parts of the talus, anterior approach is functional in almost all 
cases. The patient is placed supine and a support should be 
placed under the knee to provide resistance during traction 
(Fig. 7). The use of distraction has always been a matter of 
controversy and numerous alternative techniques have been 
reported. The use of distraction while starting ankle arthros-
copy complicates the procedure rather than making it easier 
and increases the possibility of soft tissue injury. Therefore, 
we do not deem it necessary to set up the traction system 
while starting diagnostic arthroscopy. Distraction is rarely 
required to visualize the anterior half of the talus. Parts of 
talus which are posterior to midline can be reached with 
plantarflexion and slight traction by the toes and heel. We 
prefer soft tissue distraction when traction is necessary 
(Fig. 8). It is more practical to place the patient prone and 
utilize posterior portals for arthroscopic examination in cases 
where the lesion is located on the posterior one third of the 
talar dome (Fig. 9).

Equipment

During the period when ankle arthroscopy was gaining popu-
larity, the use of 2.7 or 3.2 mm small-diameter arthroscopes 
were strongly recommended. However, having experienced 
that the standard 4 mm arthroscope can be used in an adult 

Table 2 Classification of the osteochondral lesion based on surgical 
findings [10]

Stage A: Flat, intact, but softened and amenable to collapse

Stage B: Roughened

Stage C: Raveled and cracked

Stage D: Bone exposed or chondral separation

Stage E: Loose but unseparated fragment

Stage F: Separated fragment

Fig. 7 Preparation of the supine lying patient

Fig. 8 Soft tissue distraction. Manual traction applied via special ban-
dage on the ankle

a

b

Fig. 9 (a) OLT on the posterior one-third of the dome. (b) Visualization 
of the lesion using posterior portals. Microfracture technique was 
applied following curettage
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patient’s ankle without difficulty and due to its wide angle facil-
itating better orientation, large joint arthroscopy set is consid-
ered as sufficient today. If a special ankle arthroscope is going 
to be purchased for an operation theater accommodating large 
volume of ankle arthroscopy patients, a short arthroscope with 
a diameter of 4 mm and an angle of 30° might be recommended 
(Fig. 10). This arthroscope can be moved more freely inside the 
joint compared to longer ones. An additional arthroscope with 
an angle of 70° facilitates better visualization of parts which 
cannot be fully evaluated with the standard arthroscope.

Standard equipment available in every orthopedic opera-
tion theater will suffice for curettage and drilling, which is 
the most common method of treatment for OLT. It will be 
appropriate to have some special manual instruments, which 
will make the surgery easier and reduce the surgery time, in 
operation theaters where this procedure is frequently per-
formed. Curettes to be used for scraping the OLT bed should 
be available in several sizes. Malleable curettes made of alu-
minum alloy make it much easier for the surgeon to work on 
curved regions difficult to reach with standard curets. Open 
curets provide better visualization of the lesion and remove 
the contents of the lesion more effectively (Fig. 11). It should 
be kept in mind that open curets can easily get broken. Shorter 
rather than small-diameter manual instruments should be 
preferred in order to avoid instrument failures (Fig. 12).

Wire guide is an important auxiliary tool in arthroscopic 
OLT treatment (Fig. 13). Guide is rarely necessary for ante-
grade drilling or microfracture procedures. When it is neces-
sary to insert a Kirschner wire with transmalleolar or 
retrograde approach, wire guides designed for large joints 
cannot move freely inside the joint and the intra-articular end 
of the guide might be positioned too far from the proximal 

part of the wire guide. These problems can be overcome with 
wire guides designed for small joints with an additional 
articulation. Microfracture sets designed for large joints can 
be used for microfracture. However, these instruments may 
cause difficulty in ankle arthroscopy because of their wide 
tips. Microfracture sets designed for small joints are more 
practical to use (Fig. 14).

Surgical Technique

The procedure can be performed under general or regional 
anesthesia. The patient is prepared in either supine or prone 
position depending on the preferred approach. A tourniquet 
placed at thigh level should be used at all times. For anterior 
approach, we prefer to open the anteromedial portal first and 
then the anterolateral portal under arthroscopic control. 
Anterior synovectomy is essentially required for better visu-
alization of the joint in OLT cases as in all ankle cases with an 
associated intra-articular pathology. Then the lesion is sought 

Fig. 11 Manual instruments for ankle arthroscopy. From left to right: 
open curette examination probe, arthroscopic knife, fine curette

Fig. 12 Short manual instruments are more appropriate and handy in 
the ankle joint

Fig. 10 Examples of arthroscopes for ankle arthroscopy. Left to right: 
short and small-diameter arthroscope, long and large-diameter arthro-
scope, short- and large-diameter arthroscope, long- and large-diameter 
arthroscope
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by plantarflexing the ankle, bringing the talus anteriorly and 
applying slight traction if necessary. Articular cartilage is 
examined with a probe. The cartilage is examined to see 
whether there are any areas of detachment. It should be kept 
in mind that collapse of cartilage might be less than expected 
due to sclerosis of subchondral bone in some chronic cases. A 
completely normal-looking cartilage, which can be easily 
mobilized during examination with probe, is a situation that 
is frequently encountered. Excluding young patients and 
those with recent complaints, a thorough examination is rec-
ommended to confirm that the cartilage is intact.

If the cartilages is intact, retrograde drilling is the treatment 
of choice. The intra-articular end of the wire guide is intro-
duced through the portal on the lesion side and is positioned 
over the approximate location of the lesion (Fig. 15). The wire 
is inserted through sinus tarsi for medial lesions and through 
the region of bone anterior to the medial articular surface at 

the junction of talar body and neck for lateral lesions. Since it 
is not possible to locate the lesion arthroscopically, imaging is 
necessary in two planes to confirm the correct positioning of 
the wire (Fig. 16). After a wire is positioned at the desired 
location, additional parallel wires (Fig. 17) or a single cannu-
lated drill (Fig. 18) can be used to revitalize the floor of the 
lesion. In the meantime, the articular surface of the cartilage 
should be inspected arthroscopically to avoid cartilage injury.

If cartilage injury is detected, all cartilage fragments, 
which have become loose or can be easily separated from 
their bed, are removed with curette and arthroscopy knives. 
Ossicles may emerge from underneath the cartilage. These 
are also removed with arthroscopic graspers. There usually 
remains a soft tissue at the base. This soft tissue is easily 
scraped off with a curet. Curettage should be continued until 
the sensation and sound of intact bone is obtained. This sen-
sation is an experience which can be conceived after a few 

a b
Fig. 13 (a) Small joint wire 
guide, a moving arm is present. 
Different guides are present for 
different wire diameters. 
(b) Wire guide to place 
wires parallel

Fig. 14 The tips of the microfracture set that we use in OLT treatment Fig. 15 The positioning of wire guide during retrograde drilling of talus
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applications. If in doubt, the tourniquet can be released to 
confirm that the bleeding bone has been exposed. If the lesion 
bed is sclerotic, microfracture is indicated. We prefer to per-
form microfracture before the tourniquet is released in all 
patients. Holes are created in the OLT bed at intervals which 
are as wide as the microfracture awl that is used. For almost 
all lesions on the anterior half of talar dome, it is possible to 
reach the lesion with microfracture instruments introduced 
anteriorly. Bleeding from holes in the OLT bed after the tour-
niquet is released will confirm that we have achieved our 
purpose.

If the defect is larger than 1–1.5 cm2 after the curettage is 
complete, one of the articular surface reconstruction tech-
niques should be preferred.

Athletes: Do They Differ?

If the approach to ankle cartilage lesion of athletes should differ 
from non-athlete patients is controversial. However, there is 
strong evidence that early ankle arthroscopy is valuable for ath-
letes, with low morbidity and earlier return to sports. Rolf et al. 
in a study of 61 athletes, who were arthroscopied because of 
ankle pain, found out that most of the athletes with normal MRI 
showed cartilage lesions during arthroscopy. They concluded 
that arthroscopy should be  considered early when an athlete 
presents with exertion ankle pain, effusion, and joint line ten-
derness on palpation, especially after a previous sprain [37].

There are not many comparative studies to draw a 
 conclusion for the best method of treatment specific to 
 athletes. Should treatment algorithm be changed if the 
patient is an elite athlete or not is also controversial. Saxena 
and Eakin [39] performed a comparative study of microf-
racture and autogenous bone grafting to find out the ability 
to return to activity including sports after treatment for 
OLT. Their treatment plan used microfracture for Hepple 
stage 2–4 lesions and autogenous bone grafting for Hepple 
stage 5 lesions. There were 26 microfracture procedures 
and 20 bone grafts to the talus. The AOFAS (American 
Orthopaedic Foot and Ankle Society) scores for both 
microfracture and bone graft patients improved signifi-
cantly. Return to activity for the bone graft group was sig-
nificantly slower than that of the microfracture group. The 
authors concluded that grafting requires a longer time to 
return to activity than microfracture with similar postop-
erative AOFAS scores. However in this study, we must 
note that the groups compromised of athletes with different 
stages. Having found good to excellent results in 92% of 
talar mosaicplasties according to Hannover ankle scoring 
system, Hangody et al. advice autologous osteochondral 
mosaicplasty as a useful alternative for the treatment of 
1–4-cm2 focal chondral and osteochondral lesions in 
 competitive athletes [22]. However, there is concern about 

Fig. 17 Insertion of additional wires parallel to the first wire

Fig. 18 Creating a tunnel with a cannulated drill over the wire

Fig. 16 Insertion of the wire to the lesion with the help of wire guide
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the considerable donor-site morbidity and moderate out-
come scores for ankle. In a series of 12 cases with a mean 
 follow-up of 72 months out of 21 patients operated, 
Valderrabano et al. found out that the sports activity score 
significantly decreased to 1.25 from a preinjury level of 2.3 
(p = 0.035) [52]. OAT gives considerable morbidity from 
knee complaints which can be associated with a perfor-
mance problem in the athlete. In a series of 48 patients who 
were treated by arthroscopic techniques for TOL, 8 were 
athletes (four basketball players, two football players, one 
was a cyclist, and one a wrestler). The authors found no 
difference for outcome between athletes and non-athletes, 
and stated that the main predictor for successful outcome 
was found as the size of the lesion [19]. Seijas et al. [43] 
described their results of arthroscopic debridement for 
talar osteochondral lesions in 16 soccer players. At 
3.56 years of follow-up The Ogilvie-Harris score showed 
81.75% excellent results and 18.25% good results, and 
93.75% of patients resumed sports activities at the same 
level as that before surgery. The authors considering the 
excellent results, stated this option as the treatment of 
choice in soccer players. Recent evidence shows that early 
favorable results obtained with microfracture can be 
extended to midterm follow-up periods [5]. However, the 
critical size of the lesion that will respond favorably 
to microfracture treatment is yet to be determined. 
Chuckpaiwong et al. [8] reported excellent results with 
microfracture for lesions smaller than 15 mm, regardless 
of the location. More recently, Lee et al. [30] confirmed 
favorable results with microfracture technique for lesions 
smaller than 15 mm in a group of patients younger than 50 
years. According to Zengerink et al. [58], the upper limit 
for a lesion to be treated arthroscopically by microfractur-
ing is 10 mm. However, Scranton suggests that lesions 
greater than 7 mm, especially if symptomatic type V 
lesions are usually treated with OAT [42]. These data sug-
gests that for lesions up to 10–15 mm, the gold standard of 
the treatment is arthroscopic excision, debridement and 
perforation for increased vascularization of the defect 
without forgetting that other variables such as age, comor-
bidities, higher body mass index, history of trauma, the 
presence of osteophytes and so on, which may affect the 
outcome.

Discussion

It is apparent that the series reported before 2000s, after 
which OAT and ACI techniques have become popular, are 
not in conformity with the treatment algorithm described 
above. On the other hand, in most of the subsequent publica-
tions, we see that the authors have applied their preferred 
technique to all cases of OLT and have analyzed their results 
cumulatively. Furthermore, the radiographic classification of 

Berndt and Harty is used in almost all studies. It was men-
tioned before that this classification system is not convenient 
for describing chronic lesions. Consequently, it is not possi-
ble to compare the results of most series. We note that series 
reporting on OLT treatment have been examined and studies 
which conform to certain standards have been compared in 
several recently published meta-analyses [15, 40, 53, 58, 59]. 
Results from these reviews and a small number of random-
ized controlled [17] studies have provided guidance for us.

The success rate for excision of fragment only is about 40%, 
while curettage of bed after the excision of fragment signifi-
cantly increases the success rate (76%) [53]. Success rates of 
63% and 84% are reported for curettage with open technique 
and arthroscopic curettage [53], respectively. The success rate 
is increased up to 86% when the lesion bed is drilled after 
curettage (open 84%, arthroscopic 87%) [53]. Grafting deep 
defects after curettage is a seldom used technique. Some 
authors have reported success rates as high as 96% [9, 39] 
whereas some have reported patient satisfaction to be as low as 
46% [28]. Retrograde drilling technique can be used in an 
attempt to conserve the intact cartilage without a subchondral 
bone support. However, the scientific evidence and long-term 
data with significant number of patients are still lacking.

Hangody, who popularized the OAT technique and also 
holds the largest patient series, reports 94% good and very 
good results with this technique [20, 21]. Other authors have 
also reported success rates above 90% [13]. We should men-
tion that the patient series included cases which were not lim-
ited to the aforementioned indications for this technique and 
the technique was used for lesions smaller than 1 cm2 as well. 
In the meantime, Gobbi et al. reported that there is no differ-
ence between the results of curettage, microfracture, and 
OAT according to their randomized controlled trial [17].

ACI is the most novel technique among all. Large patient 
series have not been reported yet due to the fact that it is recently 
developed and costly. Nam et al. reported 82% in 11 cases [33], 
Whittaker et al. 90% in 10 cases [55]; and Giannini et al. 100% 
in eight patients [16]. All authors emphasize that the early 
results are encouraging, but long-term follow-up is necessary.

In an up-to-date systematic review, Zengerink et al. [59] 
found out only one randomized clinical trial among 52 stud-
ies (65 groups) describing the results of treatment strategies 
for OLT. Seven studies described the results of nonoperative 
treatment, 4 of excision, 13 of excision and curettage, 18 of 
excision, curettage and bone marrow stimulation, 4 of an 
autogenous bone graft, 2 of transmalleolar drilling, 9 of 
osteochondral transplantation, 4 of ACI, 3 of retrograde drill-
ing and 1 of fixation. Osteochondral transplantation, bone 
marrow stimulation, and ACI scored success rates of 87%, 
85%, and 76%, respectively. Retrograde drilling and fixation 
scored 88% and 89%, respectively. Although the authors 
concluded that bone marrow stimulation is the treatment of 
choice for primary OLT, they stressed the need for suffi-
ciently powered, randomized clinical further trials with 
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uniform methodology and validated outcome measures. 
Another significant question to be answered is when and 
how to perform bone marrow stimulation technique. Although 
the size of the lesion seems to be the major parameter for 
successful outcome, other factors such as age have not yet 
been elucidated. Although excellent short- and medium-term 
outcomes have been described with bone marrow stimula-
tion, inability to produce hyaline cartilage has always been a 
concern. If this should be a bigger problem for the high 
demand athlete, is not well known. However, wear character-
istics of the bone marrow stimulation produced (fibro)-carti-
lage is known to be inferior.

References

 1. Anderson, D.V., Lyne, E.D.: Osteochondritis dissecans of the talus: 
case report on two family members. J. Pediatr. Orthop. 4, 356–357 
(1984)

 2. Assenmacher, J.A., Kelikian, A.S., Gottlob, C., et al.: Arthro-
scopically assisted autologous osteochondral transplantation for 
osteochondral lesions of the talar dome: an MRI and clinical 
 follow-up study. Foot Ankle Int. 22, 544–551 (2001)

 3. Bale, R.J., Hoser, C., Rosenberger, R., et al.: Osteochondral lesions 
of the talus: computer-assisted retrograde drilling – feasibility and 
accuracy in initial experiences. Radiology 218, 278–282 (2001)

 4. Bauer, R.S., Ochsner, P.E.: Nosology of osteochondrosis dissecans 
of the trochlea of the talus. Z. Orthop. Ihre Grenzgeb. 125, 194–200 
(1987) (Article in German)

 5. Becher, C., Driessen, A., Hess, T., et al.: Microfracture for chondral 
defects of the talus: maintenance of early results at midterm follow-
up. Knee Surg. Sports Traumatol. Arthrosc. 18, 656–663 (2010)

 6. Berndt, A.L., Harty, M.: Transchondral fractures (osteochondritis dis-
secans) of the talus. J. Bone Joint Surg. Am. 41, 988–1020 (1959)

 7. Canale, S.T., Belding, R.H.: Osteochondral lesions of the talus. J. 
Bone Joint Surg. Am. 62, 97–102 (1980)

 8. Chuckpaiwong, B., Berkson, E.M., Theodore, G.H.: Microfracture 
for osteochondral lesions of the ankle: outcome analysis and out-
come predictors of 105 cases. Arthroscopy 24, 106–112 (2008)

 9. Draper, S.D., Fallat, L.M.: Autogenous bone grafting for the treat-
ment of talar dome lesions. J. Foot Ankle Surg. 39, 15–23 (2000)

10. Ferkel, R.D.: Articular surface defects, loose bodies, and osteo-
phytes: A. Osteochondral lesions of talus. In: Ferkel, R.D. (ed.) 
Arthroscopic Surgery: The Foot and Ankle. Lippincott-Raven, 
Philadelphia (1996)

11. Fink, C., Rosenberger, R.E., Bale, R.J., et al.: Computer-assisted 
retrograde drilling of osteochondral lesions of the talus. Orthopade 
30, 59–65 (2001) (Article in German)

12. Flick, A.B., Gould, N.: Osteochondritis dissecans of the talus (tran-
schondral fractures of the talus): review of the literature and new surgi-
cal approach for medial dome lesions. Foot Ankle 5, 165–185 (1985)

13. Gautier, E., Kolker, D., Jakob, R.P.: Treatment of cartilage defects 
of the talus by autologous osteochondral grafts. J. Bone Joint Surg. 
Br. 84, 237–244 (2002)

14. Geerling, J., Zech, S., Kendoff, D., et al.: Initial outcomes of 3-dimen-
sional imaging-based computer-assisted retrograde drilling of talar 
osteochondral lesions. Am. J. Sports Med. 37, 1351–1357 (2009)

15. Giannini, S., Vannini, F.: Operative treatment of osteochondral 
lesions of the talar dome: current concepts review. Foot Ankle Int. 
25, 168–175 (2004)

16. Giannini, S., Buda, R., Grigolo, B., et al.: Autologous chondrocyte 
transplantation in osteochondral lesions of the ankle joint. Foot 
Ankle Int. 22, 513–517 (2001)

17. Gobbi, A., Francisco, R.A., Lubowitz, J.H., et al.: Osteochondral 
lesions of the talus: randomized controlled trial comparing chon-
droplasty, microfracture, and osteochondral autograft transplanta-
tion. Arthroscopy 22, 1085–1092 (2006)

18. Gross, A.E., Agnidis, Z., Hutchison, C.R.: Osteochondral defects of 
the talus treated with fresh osteochondral allograft transplantation. 
Foot Ankle Int. 22, 385–391 (2001)

19. Guo, Q.W., Hu, Y.L., Jiao, C., et al.: Arthroscopic treatment for 
osteochondral lesions of the talus: analysis of outcome predictors. 
Chin. Med. J. (Engl.) 123, 296–300 (2010)

20. Hangody, L., Fules, P.: Autologous osteochondral mosaicplasty for 
the treatment of full-thickness defects of weight-bearing joints: ten 
years of experimental and clinical experience. J. Bone Joint Surg. 
Am. 85-A(Suppl 2), 25–32 (2003)

21. Hangody, L., Vasarhelyi, G., Hangody, L.R., et al.: Autologous 
osteochondral grafting – technique and long-term results. Injury 
39(Suppl 1), S32–S39 (2008)

22. Hangody, L., Dobos, J., Baló, E., et al.: Clinical experiences with 
autologous osteochondral mosaicplasty in an athletic population: 
a 17-year prospective multicenter study. Am. J. Sports Med. 38, 
1125–1133 (2010)

23. Hepple, S., Winson, I.G., Glew, D.: Osteochondral lesions of the 
talus: a revised classification. Foot Ankle Int. 20, 789–793 (1999)

24. Higuera, J., Laguna, R., Peral, M., Aranda, E., Soleto, J.: 
Osteochondritis dissecans of the talus during childhood and adoles-
cence. J. Pediatr. Orthop. 18, 328–332 (1998)

25. Hintermann, B., Boss, A., Schäfer, D.: Arthroscopic findings in 
patients with chronic ankle instability. Am. J. Sports Med. 30, 402–
409 (2002)

26. Insall, J.N.: Intra-articular surgery for degenerative arthritis of the 
knee. A report of the work of the late K. H. Pridie. J. Bone Joint 
Surg. Br. 49, 211–228 (1967)

27. Kilicoglu, O., Taser, O.: Retrograde osteochondral grafting for osteo-
chondral lesion of the talus: a new technique eliminating malleolar 
osteotomy. Acta Orthop. Traumatol. Turc. 39, 274–279 (2005)

28. Kolker, D., Murray, M., Wilson, M.: Osteochondral defects of the 
talus treated with autologous bone grafting. J. Bone Joint Surg. Br. 
86, 521–526 (2004)

29. Kristensen, G., Lind, T., Lavard, P., Olsen, P.A.: Fracture stage 4 of 
the lateral talar dome treated arthroscopically using biofix for fixa-
tion. Arthroscopy 6, 242–244 (1990)

30. Lee, K.B., Bai, L.B., Chung, J.Y., et al.: Arthroscopic microfracture 
for osteochondral lesions of the talus. Knee Surg. Sports Traumatol. 
Arthrosc. 18, 247–253 (2010)

31. Magnusson, P.: Technique of debridement of the knee joint for 
arthritis. Surg. Clin. North Am. 26, 249–266 (1946)

32. McCullough, C.J., Venugopal, V.: Osteochondritis dissecans of the 
talus: the natural history. Clin. Orthop. Relat. Res. 144, 264–268 (1979)

33. Nam, E.K., Ferkel, R.D., Applegate, G.R.: Autologous chondrocyte 
implantation of the ankle: a 2–5-year follow-up. Am. J. Sports Med. 
37, 274–284 (2009)

34. Pena, F.: Ankle arthroscopy. In: Coetzee, J.C., Hurwitz, S.R. (eds.) 
Arthritis Arthroplasty: The Foot and Ankle. Saunders Elsevier, 
Philadelphia (2010)

35. Pridie, K.: A method of resurfacing osteoarthritic knee joints. J. 
Bone Joint Surg. Br. 41, 618–619 (1959)

36. Rodriguez, E.G., Hall, J.P., Smith, R.L., et al.: Treatment of osteo-
chondral lesions of the talus with cryopreserved talar allograft and 
ankle distraction with external fixation. Surg. Technol. Int. 15, 282–
288 (2006)

37. Rolf, C.G., Barclay, C., Riyami, M., et al.: The importance of early 
arthroscopy in athletes with painful cartilage lesions of the ankle: a 



Osteochondral Injuries of the Talus 663

prospective study of 61 consecutive cases. J. Orthop. Surg. Res. 1, 
4 (2006)

38. Savva, N., Jabur, M., Davies, M., et al.: Osteochondral lesions of 
the talus: results of repeat arthroscopic debridement. Foot Ankle 
Int. 28, 669–673 (2007)

39. Saxena, A., Eakin, C.: Articular talar injuries in athletes: results of 
microfracture and autogenous bone graft. Am. J. Sports Med. 35, 
1680–1687 (2007)

40. Schachter, A.K., Chen, A.L., Reddy, P.D., et al.: Osteochondral 
lesions of the talus. J. Am. Acad. Orthop. Surg. 13, 152–158 (2005)

41. Schon, L.C.: Decision-making for the athlete: the leg, ankle and 
foot in sports. In: Myerson, M.S. (ed.) Foot and Ankle Disorders. 
Saunders, Philadelphia (2000)

42. Scranton, P.E.: Osteochondral lesions of the talus. In: Nunley, J.A., 
Pfeffer, G.B., Sanders, R.W., Trepman, E. (eds.) Advanced 
Reconstruction Foot and Ankle. American Academy of Orthopaedic 
Surgeons, Rosemont (2004)

43. Seijas, R., Alvarez, P., Ares, O., et al.: Osteocartilaginous lesions of 
the talus in soccer players. Arch. Orthop. Trauma Surg. 130, 329–333 
(2010)

44. Shearer, C., Loomer, R., Clement, D.: Nonoperatively managed stage 
V osteochondral talar lesions. Foot Ankle Int. 23, 651–654 (2002)

45. Steadman, J., Rodkey, W., Singleton, S., et al.: Microfracture tech-
nique for full thickness chondral defects. Oper. Tech. Orthop. 7, 
300–304 (1997)

46. Stufkens, S.A., Knupp, M., Horisberger, M., et al.: Cartilage lesions and 
the development of osteoarthritis after internal fixation of ankle frac-
tures: a prospective study. J. Bone Joint Surg. Am. 92, 279–286 (2010)

47. Takao, M., Ochi, M., Uchio, Y., et al.: Osteochondral lesions of 
talar dome associated with trauma. Arthroscopy 19, 1061–1067 
(2003)

48. Taranow, W.S., Bisignani, G.A., Towers, J.D., et al.: Retrograde 
drilling of osteochondral lesions of the medial talar dome. Foot 
Ankle Int. 20, 474–480 (1999)

49. Thermann, H., Driessen, A., Becher, C.: Autologous chondrocyte 
transplantation in the treatment of articular cartilage lesions of the 
talus. Orthopade 37, 232–239 (2008) (Article in German)

50. Thompson, J.P., Loomer, R.L.: Osteochondral lesions of the talus in 
a sports medicine clinic. A new radiographic technique and surgical 
approach. Am. J. Sports Med. 12, 460–463 (1984)

51. Tol, J.L., Struijs, P.A., Bossuyt, P.M., et al.: Treatment strategies in 
osteochondral defects of the talar dome: a systematic review. Foot 
Ankle Int. 21, 119–126 (2000)

52. Valderrabano, V., Leumann, A., Rasch, H., et al.: Knee-to-ankle 
mosaicplasty for the treatment of osteochondral lesions of the ankle 
joint. Am. J. Sports Med. 37(Suppl 1), 105S–111S (2009)

53. Verhagen, R.A., Struijs, P.A., Bossuyt, P.M., et al.: Systematic 
review of treatment strategies for osteochondral defects of the talar 
dome. Foot Ankle Clin. 8, 233–242 (2003). viii–ix

54. Verhagen, R.A., Maas, M., Dijkgraaf, M.G., et al.: Prospective 
study on diagnostic strategies in osteochondral lesions of the talus. 
Is MRI superior to helical CT? J. Bone Joint Surg. Br. 87, 41–46 
(2005)

55. Whittaker, J.P., Smith, G., Makwana, N., et al.: Early results of 
autologous chondrocyte implantation in the talus. J. Bone Joint 
Surg. Br. 87, 179–183 (2005)

56. Wombwell, J.H., Nunley, J.A.: Compressive fixation of osteochon-
dritis dissecans fragments with Herbert screws. J. Orthop. Trauma 
1, 74–77 (1987)

57. Woods, K., Harris, I.: Osteochondritis dissecans of the talus in iden-
tical twins. J. Bone Joint Surg. Br. 77, 331 (1995)

58. Zengerink, M., Szerb, I., Hangody, L., et al.: Current concepts: 
treatment of osteochondral ankle defects. Foot Ankle Clin. 11, 331–
359 (2006)

59. Zengerink, M., Struijs, P.A., Tol, J.L., et al.: Treatment of osteo-
chondral lesions of the talus: a systematic review. Knee Surg. Sports 
Traumatol. Arthrosc. 18, 238–246 (2010)



M.N. Doral et al. (eds.), Sports Injuries,  
DOI: 10.1007/978-3-642-15630-4_89, © Springer-Verlag Berlin Heidelberg 2012

665

Treatment of Osteochondral Talus Defects  
by Synthetic Resorbable Scaffolds

Fabio Valerio Sciarretta 

Introduction

Treatment of osteochondral symptomatic focal defects has 
always been challenging. The first report of an osteochondri-
tis dissecans (OCD) was by Koenig [25], who described, in 
1888, a loose body formation associated with articular carti-
lage and subchondral bone lesion in the knee. In 1922, 
Kappis [24] described a similar lesion in the talar dome. Both 
authors believed that these lesions were the result of an isch-
emic necrosis of subchondral bone that could progressively 
cause the separation of the osteochondral fragment. Since 
then, many authors have debated frequency, etiology, mor-
phology, imaging assessment, and treatment of these lesions 
[2, 8]. Nowadays, the terms osteocondritis dissecans (OCD), 
transchondral fractures, osteochondral lesions of the talus 
(OLT), subchondral bone fracture, osteochondral fracture, 
and osteochondral defect are used in the literature to describe 
the separation of a segment of articular cartilage and sub-
chondral bone [2, 8, 37]. As stated by Alexander in 1980 [2], 
talus chondral lesions represent 4% of all osteochondral 
lesions in the body.

In a review of the literature, Flick and Gould, in 1985 
[15], reported that sex distribution of talus osteochon-
dral lesions was 72% in male and 28% in female, with 
approximately equal frequency in the right and left ankle. 
Regarding the etiology, the literature reports many differ-
ent possible explanations for the development of osteo-
chondral lesions of the talus, such as acute trauma, remote 
trauma, repetitive microtrauma, metabolic disorders, vas-
cular disorders, degenerative arthropathies, genetic and 
idiopathic etiologies and lower limb malalignment that 
determines incongruent axial load. A history of trauma is 
documented in more than 85% of patients [4, 6, 31, 32], 
becoming high as 98% in lateral lesions and 70% in medial 
dome lesions [15].

Talar lesions are usually located in the posteromedial or 
anterolateral part of this bone. Although these are the most 
common locations, defects occur as well posterolaterally and 
centrolaterally. Posteromedial lesions may be due to impac-
tion of posteromedial part of the talus on the tibia, as the 
plantar flexed ankle is forced into inversion. Anterolateral 
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defects may result from impaction of the talus on the fibula, 
as the dorsiflexed ankle is forced into inversion. These lesions 
tend to be shallow, whereas the posteromedial tend to be 
deeper and cup-shaped [11].

Osteochondral talus defects cause various symptoms 
including joint line pain with loaded motion, swelling, point 
tenderness on the medial or lateral corner of the talus, limited 
range of motion, and recurrent painful clicking or catching.

During the last decades, different treatment modalities 
have been proposed, but during the last 10–15 years much has 
changed [5, 12, 33, 39]. The standard of care, with intermedi-
ate and long-term satisfactory results, is still considered deb-
ridement associated to drilling and microfractures. However, 
debridement and microfractures fill the defects with fibrocar-
tilage, which has been proven to be mechanically less dura-
ble. For this reason, many other cartilage repair techniques 
have been proposed and introduced during the years for the 
treatment of osteochondral talus defects: osteochondral 
autografts or allografts, mosaicplasty, autologous chondroc-
ite implantation, and more recently, the use of scaffolds.

Diagnosis and Staging

Not only have the treatment modalities changed and are still 
evolving but also methods of diagnosing osteochondral 
defects have changed over the past years. Even if the lesion 
can be readily visible on plain radiographs, magnetic reso-
nance imaging (MRI) is usually needed in order to detect and 
better define the defect [26, 36].

Staging of osteochondral talus defects has been first pro-
posed in 1959 by Berndt and Harty [8], who in their patho-
anatomical classification based on the radiographic appearance 
of the defects differentiated the lesions in four stages. They 
stated that a strong inversion trauma with the ankle dorsi-
flexed produced a lateral talar dome damage, whilst an inver-
sion, plantar flexion, and lateral rotation trauma produced a 
medial talar dome lesion. The stage I lesion is a compression 
of the talus border; stage II lesion corresponds to a partial 
separation of the bone fragment; in stage III there is a com-
plete separation of the fragment without displacement and in 
stage IV there is fragment displacement. Obviously these 
stages can be observed both in the medial or lateral side.

In 1989, Ferkel et al. [13] developed a new staging clas-
sification, based on computed tomography (CT) imaging, 
also divided into four stages: stage I, cystic lesion within 
dome of the talus; stage IIA, cystic lesion with communica-
tion with the talar dome surface; stage IIB, open articular 
surface lesion to talar dome surface with overlying nondis-
placed fragment; stage III, a nondisplaced lesion with 
lucency, and stage IV, a displaced fragment.

Magnetic resonance imaging has been used to determine the 
stage of osteochondral lesions, but it does not define the bone 

cortex as well as CT. CT and MRI yield similar results, though 
MRI showed a slight diagnostic advantage in a study by 
Anderson and associates [9]. Studies comparing CT, MRI, and 
arthroscopic staging found that CT is preferred if an osteochon-
dral lesion has been diagnosed, but if radiographs and clinical 
findings are not diagnostic, MRI may be more useful [14].

In 1999, Hepple et al. [21] devised an MRI staging sys-
tem: stage I, articular cartilage damage only; stage II, carti-
lage injury with underlying fracture or edema; stage III, 
detached but not displaced fragment; stage IV, displaced 
fragment; stage V, subchondral cyst formation.

In 2006, Sciarretta et al. created and presented at the AOFAS 
meeting of that year a classification system that helped in eval-
uating, beyond the talus lesions until then considered alone, the 
distal tibia extremity lesions which until then had been included 
in impingement classifications systems. We searched for the 
most adequate and homogeneous classification to answer the 
needs of foot and ankle surgeons in daily practice, searching for 
common parameters between MRI–CT–RDX–Arthroscopic 
findings. The authors got to the belief that just after having cor-
rectly obtained a precise diagnosis of the localization and 
pathoanatomical gravity of the lesions it is possible to establish 
a common protocol of treatment. The rationale of this classifi-
cation attributes to each lesion a precise position identification 
describing with “A” and “B” the main lesions, respectively, on 
the tibia or on the talus with 1–2–3 the medial third, medial, 
lateral third location, and with “a” and “b” the secondary lesions 
(where present) on the tibia or the talus and maintaining the 
classification of Berndt and Harty with regards to the depth 
degree of the lesions found.

Treatment Modalities

Not all OLTs are symptomatic. Smaller lesions that cause few 
symptoms do not warrant any intervention. The chondropro-
tective agents generally in use to treat knee arthrosis, such as 
orally administered chondroitin sulfate and glucosamine and 
injectable hyaluronic acid of different molecular weight, may 
play some role in the treatment of mildly symptomatic osteo-
chondral defects of the ankle. Recently, orally administered 
low molecular weight and high bioavailability hydrolyzed 
collagen peptides that can stimulate collagen type II and pro-
teoglycans synthesis have come into the market and are an 
author’s object of studies both in the knee and in the ankle 
chondropathies. For the symptomatic defects several surgical 
treatment options have been well described in the literature.

Dedridement with Subchondral Drilling 
and Microfracture

Arthroscopic debridement and drilling/microfracture is still 
the standard in the operative care of osteochondral defects of 
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the talus. Its most important advantage is the simplicity of 
the procedure. Through the standard anterior arthroscopic 
ankle portals it is possible to treat the vast majority of talar 
dome lesions. Drilling of the subchondral bone creates chan-
nels that enable revascularization of the lesion and can be 
executed through the existing arthroscopic portals, through 
transmalleolar drill holes or in a retrograde manner in order 
to avoid damage of the intact surface of the distal tibia and 
the talar dome. This procedure is typically cost-effective and 
has yielded favorable results.

Ferkel et al. [13], in 1990, reporting on 64 patients, at an 
average follow-up of 71 months, described 72% of good and 
excellent results with debridement and drilling, obtaining an 
average AOFAS postoperative score of 84.

Tol et al. [37], in 2000, in a meta-analysis of 18 studies on 
381 patients treated for a talus osteochondral defect, found 
that excision by itself yielded 38% of success, excision and 
curettage 63% of success, arthroscopic excision and curet-
tage 86% of success, and finally, the combination of all treat-
ments (excision + curettage + drilling) yielded the best results, 
with 88% of success.

More recently, Gobbi et al. [18], in 2006, conducted a trial 
between chondroplasty, microfracture, and osteochondral 
autologous transplantation (OATS) on 31 patients with recal-
citrant Ferkel’s class 2b, 3, and 4 OLT and found that, at a 
mean follow-up of 53 months, these procedures gave same 
pain relief and same function at 12 and 24 months follow-
ups, but, at MRI imaging, in the OATS procedure chondral 
gaps were present together with bone edema and incomplete 
fill of the defect.

Autologous Osteochondral Grafting 
(OATS, Mosaicplasty)

OATS and mosaicplasty have been first used successfully in 
the knee. These techniques involve grafting a plug from the 
femoral trochlea or condyle into the talus dome defect. The 
difference between the two is that during the OATS proce-
dure just one plug is introduced into the defect, whilst in the 
mosaicplasty procedure usually multiple plugs are trans-
planted. The surgical technique is based on different steps: 
the preparation of the recipient site, the harvest of osteochon-
dral plug or plugs from the non-weightbearing cartilage of 
the knee and, finally, the transfer of the donor osteochondral 
plug into the recipient site. Successful results have been 
reported on both techniques.

With mosaicplasty, Al-Shaikh et al. [3], in 2002, reported 
good or excellent results, at 16 months follow-up, in 88% of 
previously nonoperated patients and in 91% of patients with 
failed surgical procedures.

Scranton and McDermott, in 2001 [34], reported on ten 
patients with stage V lesions treated by OATS technique 

and demonstrated mean 27 point increase of AOFAS post-
operative score. Hangody et al. [20], in 2001, in a 2–7 years 
follow-up of 36 patients treated by mosaicplasty, reported 
94% of good or excellent results in defects over 10 mm in 
size.

Although good results are reported in the literature, there 
are still some concerns about these techniques related mostly 
to the differences in knee and ankle characteristics and to 
donor site morbidity. Treppo et al. [38], in 2000, found sig-
nificant differences in ankle and knee cartilage, but the sig-
nificance of these related to osteochondral transfers between 
these two joints is still not well defined.

Osteochondral Allografts

Allografts are from a cadaveric donor. Fresh allograft mate-
rial, which has live cartilage cells, is thought to be far more 
favorable than conventional frozen allografts, although the 
latter are safer. In fact, promising results have been reported 
with the use of fresh frozen osteochondral allografts. Brage 
et al. [9] have obtained good results in the short- or mid-term 
follow-up. Gross et al. [19], in 2001, have demonstrated that 
these grafts do well even at a longer follow-up, with a reduced 
risk of disease transmission.

Autologous Chondrocyte Implantation

Introduced by Brittberg et al. [10], in 1994, in the knee, 
autologous chondrocyte transplantation has been proven to 
able to fill chondral defects with hyaline-like cartilage. Since 
its success in the knee, this technique has been applied to the 
ankle joint as well. After having harvested from the knee a 
sample of non-weightbearing articular cartilage, this is sent 
to the laboratory to culture the chondrocytes. Once the cul-
tured tissue is obtained, the second surgical procedure is 
executed. In this occasion, after having debrided the chon-
dral defect, the scaffold containing the cultured autogenous 
chondrocytes is applied in to the defect, nowadays mostly 
arthroscopically.

Giannini et al., in 2001 [16], reported on eight patients 
with a mean talus lesion area above 2 cm2. At 24 months, the 
preoperative AOFAS score of 32 increased to 91 with a good 
ankle function and at follow-up biopsies hyaline-like carti-
lage was retrieved. In 2005, Whittaker et al. [40] reporting on 
the Carticel experience implanted in ten patients, whose age 
ranged between 18 and 62 years, and with a mean lesion area 
of 1.95 cm2, found that at 23 months nine patients were 
pleased or extremely pleased with the results obtained from 
the procedure, but at a second-look at 13 months they found 
fibrocartilage covering the defect and seven patients out of 
ten complained of donor (knee) site morbidity.
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In 2008, the group of Giannini [17] reported their experi-
ence with Hyalograft C in 31 patients with a mean age of 
31.4. The AOFAS score at 36 months was 89.5 respect the 
preoperative value of 57.2. The biopsy specimens revealed 
healing by hyaline-like cartilage.

Synthetic Scaffold Implantation

Even though many of the previous repair procedures have 
given promising results in the management of OLT’s, no 
long-term clinical studies are available to demonstrate the 
efficacy of these techniques. For this reason, during the last 
years, new solutions have been searched. Among these, the 
research has moved to the use of synthetic scaffolds [1, 7, 23, 
30]. Synthetic scaffolds are produced utilizing materials 
already in use from various decades: lactide and glycolic 
acid polymers, mostly polylactide acid (PLA) and poly–d, 
l-lactide-co-glycolic acid (PLG) that has been used since the 
1960s for resorbable sutures. The particular use of these 
polymers has been possible because their physical and 
mechanical properties may be varied working on chemical 
composition, molecular weight, polymer’s chain distribu-
tion, and temperature, and can therefore be differently 
arranged for a specific use [27, 29, 35]. As demonstrated by 
Huard et al., in 2002 [22], an ideal scaffold has to provide 
uniform distribution of cells in its three-dimensional lattice, 
has to facilitate diffusion of biochemical molecules, and has 
to undergo degradation at the same rate that it can be replaced 
by host tissue.

In this study, on the basis of Nagura’s et al. [28] work where 
porous synthetic scaffolds have been tested with success in 
chondral defects created in Japanese white rabbits, and after 
our extensive previous successful experience in the knee joint, 
we have decided to evaluate the efficacy of PLG synthetic 
resorbable scaffolds for the treatment of osteochondral talus 
dome defects. In this study, we present the surgical technique 
steps and the early results at 1 year obtained with preformed in 
shape and size bone graft substitutes in the repair of III and IV 
degree full thickness osteochondral defects of the talus.

Material and Methods

The utilized implant (TrufitTM- Smith and Nephew) is a 
biphasic cylinder, 18 mm long, composed of poly(d, l-lac-
tide-co-glycolide) to which calcium sulfate and surfactant 
are added to enhance bone in-growth and make implant’s 
surface more hydrophilic. Another important feature is the 
presence in the implant of 2.5% of PGA reinforcement fibers, 

which mimic columnar architecture of cartilage and increase 
implant’s strength without altering its porosity. The three-
dimensional porous cylindrical implant with interconnected 
pores is press fit into the site for close apposition and encour-
age migration of repair tissue as blood and marrow into the 
scaffold.

The two-layer construct of the implant mimics the 
mechanics of the surrounding tissues, bone, and cartilage to 
facilitate, from the beginning, immediately after implanta-
tion, the growth of the repair tissue that will be formed.

The plugs are available in different sizes (5, 7 and 9 mm), 
are preformed in order to match the talus dome surfaces, and 
can be contoured at the time of surgery in order to match the 
individual joint surfaces. The first 15 patients were included 
in the study (seven women, eight men). The patient’ age 
ranged from 30 to 63 years. Majority of synthetic bone sub-
stitutes implanted were 7 mm in diameter. Every patient 
underwent arthroscopic ankle assessment to evaluate size, 
location, and degree of defects and underwent implantation 
of TrufitTM cylindrical resorbable scaffold by a mini-open 
arthroscopic-assisted arthrotomy.

The surgical procedure follows few well-defined steps: 
once the chondral defect has been arthroscopically identified 
this is sized in order to choose the implant of the correct 
dimension. Then, the next step is the removal of the defect by 
the Trukor instrument and the creation and accurate prepara-
tion of the recipient site by the use of a measured drill. 
Having created the recipient site, the Trufit guide is intro-
duced in the hole in a reversed manner to measure the depth 
of the created defect. Once measured, the Trufit implant is 
trimmed at the desired length and inserted by a press fit 
application, being always certain to introduce the scaffold 
perfectly perpendicular to the lesion. In our opinion, a very 
important step is the final impaction of the scaffold that 
makes possible a definite perfect press fit of the implant 
(Fig. 1).

After the surgical procedure, patients are kept partially 
weightbearing for 3 weeks. No brace is used. Immediately 
after the surgical procedure, patients are, however, invited to 
move the ankle joint freely to resume complete range of 
motion as soon as possible. Sports activities are resumed at 
3 months.

Results

All surgical procedures have been completed uneventfully. 
Patients have been controlled clinically and by serial ankle 
MRIs at 3, 6, and 12 months (Fig. 2) and have showed statis-
tically significant progressive improvement of AOFAS scores 
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(improvement of 38 points at 12 months in respect of the 
preoperative score) associated with healing of defect and 
integration of bone plugs in the absence of adverse 
reactions.

Conclusions

Today, several methods are available for surgical treatment 
of hyaline cartilage defects very frequently incidentally 
encountered during arthroscopies, especially in the knee, 
as reported by various authors. At our institution, among 
other treatments, we recently have decided to use TrufitTM 

synthetic implants, retaining interest in the use a scaffold that 
enables bone and hyaline-like cartilage in-growth before its 
resorption. We have decided to adopt this type of scaffold, 
not only in the knee, but also in the ankle joint because in the 
latter case the chondral defects are mostly focal lesions (less 
than 1.5 cm in diameter) and then treatable by a synthetic 
framework able to retain and progressively release all growth 
factors and cells resulting from the bone marrow stimulation. 
Preliminary results enable us to conclude that porous, resorb-
able scaffolds can be used in the treatment of cartilage defects 
offering a secure support to secondary bone in-growth with 
the advantage of being applied in one single-step procedure, 
enabling patients to quickly move back to previous daily and 
sport activities.

Fig. 1 Surgical steps of synthetic 
resorbable scaffold implantation: 
identification and sizing of the 
defect; removal of the defect by 
the Trukor instrument and the 
creation and accurate preparation 
of the recipient site by the use of 
a measured drill; introduction of 
the final implant already cut at 
the desired length; conclusive 
aspect of the implant after final 
impaction
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Hindfoot Endoscopy

P.A.J. de Leeuw, M.N. van Sterkenburg, and C.N. van Dijk

Introduction

In the early 1930s, the ankle was thought to be unsuitable for 
arthroscopy with respect to its narrow intra-articular access 
[6]. The technical improvements, such as smaller diameter 
arthroscopes and joint distraction methods eventually made 
it possible to report on a series of 28 ankle arthroscopies by 
Watanabe in 1972 [46]. In the following three decades, ankle 
arthroscopy continuously developed; nowadays, it is rou-
tinely used in a relatively safe and reliable manner for a wide 
variety of ankle pathologies.

Van Dijk et al. were the first to describe endoscopic access 
to the tendons around the ankle by tendoscopy. These 
included tendoscopy of the posterior tibial tendon [40], the 
peroneal tendons [30, 38], and Achilles tendon [33], which 
was followed by endoscopic treatment for retrocalcaneal bur-
sitis, called endoscopic calcaneoplasty [28, 42]. In 2000, the 
senior author introduced a two-portal endoscopic hindfoot 
approach [41]. This minimal invasive technique provides 
excellent access to the posterior aspect of the ankle and sub-
talar joint. Furthermore, extra-articular structures of the hind-
foot such as the os trigonum and flexor hallucis longus (FHL) 
can be assessed [41]. Recently, the results of 55 consecutive 
patients with posterior ankle impingement were reported on 
with a good to excellent outcome in 74% of the patients [31]. 
Hindfoot endoscopy is a challenging but demanding tech-
nique, and orthopedic surgeons should train themselves in a 
cadaveric setting prior to using it with their patients [2].

Contraindications/Indications  
of the Procedures

As for any surgical intervention, localized soft tissue infection, 
vascular impairment, and severe edema are contraindications 
for hindfoot endoscopy. The procedure is furthermore not rec-
ommended in case of moderate degenerative joint disease.

The different indications can be categorized according to 
the location of the pathology.
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Articular Pathology

Posterior Compartment Ankle Joint

The indications can be categorized in cartilage, soft tissue, 
and/or bony pathology. Pathology to the cartilage includes 
chondromatosis, posterior located talar or tibial osteochon-
dral defects, and degenerative joint changes, such as osteoar-
thritis. Soft tissue pathology mainly includes post-traumatic 
synovitis, excessive scar tissue, villonodular synovitis, and 
syndesmotic soft tissue impingement.

Bony pathology includes loose bodies, ossicles, post-
traumatic calcifications, avulsion fragments, and posterior 
tibial rim osteophytes.

Posterior Compartment Subtalar Joint

Main indications include osteophyte removal, treatment of 
degenerative changes in the subtalar joint, including talar 
cystic lesions, loose body removal, and a subtalar arthrodesis 
in case of osteoarthritis [1, 7, 13, 35]. Intraosseous talar gan-
glions can also be treated arthroscopically [29].

Periarticular Pathology

Posterior Ankle Impingement

Posterior ankle impingement syndrome is by definition a 
pain syndrome. The pain is present in the hindfoot during 
forced plantar flexion. The patients can be divided into an 
overuse and a trauma group based on the causative mecha-
nism for this syndrome.

The overuse group is mainly composed of ballet dancers, 
downhill runners, and soccer players [16, 17, 39]. In professional 
ballet, the specific dancing steps force the ankle in hyperplantar 
flexion. The anatomic structures in between the calcaneus and 
the posterior part of the distal tibia thereby become compressed. 
Through exercise, the dancer will attempt to increase the range 
of motion and joint mobility, ultimately decreasing the distance 
between the calcaneus and talus. The anatomical structures at 
the back of the ankle joint hereby can become compressed. 
During downhill running, the ankle is repetitively forced into 
plantar flexion, resulting in repetitive stress on the anatomical 
structures in the posterior ankle compartment [21]. Kicking the 
ball with the foot in plantar flexion results in high forces on the 
anatomical structures in the hindfoot. These repetitive high 
forces can eventually cause posterior ankle impingement [21].

A hyperplantar flexion trauma and supination trauma can 
cause damage to the anatomical structures in the hindfoot 
and can finally lead to a chronic posterior ankle impingement 
syndrome.

A differentiation must be made between the two groups, 
since overuse trauma seems to have a better prognosis [34] and 
patients are more satisfied after arthroscopic treatment [34]. 
Congenital anatomic anomalies such as a prominent posterior 
talar process, an os trigonum, or a talus bipartitus [47] can facili-
tate the occurrence of the syndrome. An os trigonum is estimated 
to be present in 1.7–7% and occurs bilateral in 1.4% people 
[3, 19, 27]. These congenital anomalies in combination with a 
traumatic or overuse injury facilitate the occurrence of symptoms 
[5, 15, 18, 39]. During plantar flexion, the soft tissue structures 
such as synovium, posterior ankle capsule, or one of the posterior 
ligamentous structures can get pinched and compressed, eventu-
ally resulting in swelling, partial rupture, or fibrosis.

The diagnosis is clinical. The forced passive hyperplantar 
flexion test is positive when the patient experiences recog-
nizable pain during the test (Fig. 1). A negative test rules out 

Fig. 1 The forced hyperplantar flexion test is performed with the patient 
sitting with the knee flexed in 90°. The test should be performed with 
repetitive quick passive hyperplantar flexion movements. The test can be 
repeated in slight external rotation or slight internal rotation of the foot 
relative to the tibia. The investigator can apply this rotational movement 
on the point of maximal plantar flexion, thereby “grinding” the (enlarged) 
posterior talar process/os trigonum in between tibia and calcaneus
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the posterior ankle impingement syndrome. A positive test 
is followed by a diagnostic infiltration with Xylocaine® 
(AstraZenica, Zoetermeer, The Netherlands) in the posterior 
ankle compartment. Disappearance of pain following infil-
tration confirms the diagnosis.

Deep Portion of the Deltoid Ligament/ 
Cedell Fracture

Hyperdorsiflexion or eversion trauma can result in avulsed 
fragments, post-traumatic calcifications, or ossicles in the 
deep portion of the deltoid ligament. The patient typically 
presents with posteromedial ankle pain, which is aggra-
vated by running and walking on uneven grounds. Ligament 
avulsion of the deep portion of the deltoid ligament from 
the posteromedial talar process was first described by 
Cedell [8]. A CT scan is most often necessary to confirm 
the diagnosis.

Flexor Hallucis Longus

Posterior ankle impingement syndrome is often accompa-
nied by tendinopathy of the FHL. The patient experiences 
posteromedial ankle pain. On physical examination, the ten-
don can be palpated behind the medial malleolus, just lateral 
to the flexor digitorum longus. By asking the patient to repet-
itively flex the big toe the FHL tendon can easily be identi-
fied in between the medial and lateral talar process while the 
ankle is in 10–20° plantar flexion. In patients with tendinop-
athy or paratendinopathy, crepitus and recognizable tender-
ness can be provoked by the examiner’s finger placed over 
the tendon just behind the medial malleolus. In some patients 
a painful nodule in the tendon can be palpated.

Achilles Tendon and Retrocalcaneal Bursa

A symptomatic inflammation of the retrocalcaneal bursa is 
caused by repetitive impingement of the bursa between the 
anterior aspect of the Achilles tendon and a bony posterosu-
perior calcaneal prominence. A prominent posterosuperior 
calcaneal rim, in combination with retrocalcaneal bursitis, 
was first described by Haglund in 1928 [14]. Physical exami-
nation reveals swelling on both sides of the Achilles tendon 
at the level of the posterosuperior calcaneal prominence. 
Pain is aggravated by palpating this area just medial and lat-
eral to the Achilles tendon.

Retrocalcaneal bursitis can be accompanied by midpor-
tion and/or insertional tendinopathy. In case of insertional 
tendinopathy, there is pain at the bone-tendon junction, 
which gets worse after exercise. The area of maximal tender-
ness is often located in the central part of the insertion. 
Patients with tendinopathy of the main body of the Achilles 
tendon report pain and stiffness. A thick nodule is present 
2–6 cm proximal to the insertion, which is tender on 
palpation.

Neurovascular Bundle

Entrapment of the posterior tibial nerve within the tarsal tun-
nel is commonly known as a tarsal tunnel syndrome [9]. 
Clinical examination should be sufficient to differentiate these 
disorders from an isolated posterior tibial tendon disorder.

Peroneal Tendons

Peroneal tendon disorders are an uncommon, under-recognized 
source of posterolateral hindfoot pain and dysfunction. Pathology 
of the peroneal tendons is often overlooked because it is difficult 
to distinguish them from lateral ankle ligament disorders [22].

Instability and dislocation are pathologies associated with 
the peroneal tendons and are often provoked by sports-related 
injuries. In 1803, Monteggia was the first to describe peroneal 
instability in a ballet dancer [23]. There are two factors which 
can cause the tendons to dislocate. First, the superior peroneal 
tendon retinaculum can be too lax or disrupted [4, 11, 49]. The 
retinaculum normally tightly covers the peroneal tendons at 
the posterior distal fibula, maintaining the tendons at their ana-
tomical site. In case of trauma, this function can be impaired. 
The second mechanism is a (congenital) flat/non concave con-
figuration of the posterior distal part of the fibula [12, 24], with 
or without an inadequate amount of cartilaginous rim [11]. In 
the normal situation, this part of the fibula is concave with a 
cartilaginous rim at the most distal part, nurturing the peroneal 
tendons behind the lateral malleolus. Superior peroneal reti-
nacular dysfunction and an inadequate fibular groove often 
coexist in recurrent peroneal tendon dislocation.

Patients typically complain of a recurrent painful and 
snapping sensation at the lateral aspect of the ankle with a 
perception of ankle instability, especially when walking on 
uneven grounds. The pain and dislocation can be provoked 
by combined dorsiflexion and eversion of the foot during 
physical examination. Recently, a three-portal minimal inva-
sive groove deepening technique, based on the two-portal 
hindfoot approach, was introduced to treat recurrent peroneal 
tendon dislocation [10].
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Preoperative Planning

After history taking and physical examination, the diagnosis 
can be confirmed or rejected based upon different available 
imaging techniques. If history taking and the physical exam-
ination do not reveal abnormalities, additional diagnostics 
can be used to search for a clue or to rule out pathology, that 
is, medicolegal reasons. Close consultation between the 
orthopedic surgeon and the radiologist is necessary to decide 
upon optimal radiographic diagnostics [37].

Always start with routine weightbearing radiographs in 
an anteroposterior (AP) and lateral direction. In patients with 
an osteochondral defect, the standard weightbearing radio-
graphs may show an area of detached bone, surrounded by 
radiolucency. Initially, the defect might be too small to be 
visualized. A heel rise mortise view may reveal a posteriorly 
located osteochondral defect [44]. For further diagnostic 
evaluation, CT and MRI have demonstrated similar accuracy 
[44]. A multislice helical CT-scan is preferred to determine 
the extent of the defect and also to decide upon anterior or 
posterior arthroscopic approach for debridement and bone 
marrow stimulation [44].

In patients with a posterior ankle impingement, the AP 
ankle view typically does not show abnormalities. 
Osteophytes, calcifications, loose bodies, chondromatosis, 
as well as hypertrophy of the posterosuperior calcaneal 
 border can often be detected by the lateral ankle radiograph. 

In case of doubt for the differentiation between hypertrophy 
of the posterior talar process or an os trigonum, we recom-
mend a lateral radiograph view with the foot in 25° exorota-
tion in relation to the standard ankle view (Fig. 2). Especially 
in post-traumatic cases, a spiral CT scan can be important to 
ascertain the extent of the injury and the exact location of 
calcifications or fragments. In general, soft tissue pathology 
consequently can be visualized best using a MRI scan. 
Ultrasonography seems to be a good and relatively cheap 
alternative, with a positive predictive value of 100% for per-
oneal tendon dislocation [25, 45].

Operative Technique

The procedure is carried out in an outpatient setting under 
general anesthesia or spinal anesthesia. The patient is placed 
in a prone position. The involved leg is marked by the patient 
with an arrow to avoid wrong-side surgery, with a tourniquet 
inflated around the thigh, pressured 300 mmHg. A small sup-
port is placed under the lower leg, making it possible to move 
the ankle freely (Fig. 3). We use a soft-tissue distraction 
device when indicated [43] .

For irrigation, normal saline is used, but ringer solution is 
also possible. A 4 mm arthroscope with an inclination angle 
of 30° is routinely used for posterior ankle arthroscopy. Apart 

a b

Fig. 2 Twenty-seven-year-old 
male patient presenting with 
posterior left ankle pain during 
plantarflexed movement of the 
foot. Hyperplantar flexion test is 
positive. (a) The standard lateral 
radiograph shows a possible 
prominent posterior talar process 
(arrow). (b) Lateral x-ray with 
the foot in 25° exorotation. An os 
trigonum can be recognized 
(arrow)
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from the standard excisional and motorized instruments for 
treatment of osteophytes and ossicles, a 4 mm chisel and 
periosteal elevator can be useful.

The anatomical landmarks on the posterior ankle are the 
lateral malleolus, medial and lateral border of the Achilles 
tendon, and the foot sole. The ankle is kept in a neutral posi-
tion (90° position). A straight line, parallel to the foot sole, is 
drawn from the tip of the lateral malleolus to the Achilles 
tendon and is extended to the medial side (Fig. 4).

The posterolateral portal is located just proximal to and 
5 mm anterior to the interception of the straight line with the 
lateral border of the Achilles tendon. After making a vertical 
stab incision, the subcutaneous layer is split by a mosquito 
clamp. The mosquito clamp is directed anteriorly, pointing 
toward the first interdigital web space (Fig. 5a). When the tip 
of the clamp touches the (talar) bone, it is exchanged for a 

4.5 mm arthroscopic shaft with the blunt trocar pointing in 
the same direction (Fig. 5b). The trocar is situated extra-
articularly at the level of the ankle joint. The trocar is 
exchanged for the 4 mm arthroscope with a 30° inclination 
angle. The direction of view is routinely to the lateral side.

The posteromedial portal is located at the same level as the 
posterolateral portal, medially from the Achilles tendon. After 
making a vertical stab incision, a mosquito clamp is intro-
duced and directed toward the arthroscope shaft in a 90° angle 
(Fig. 5c). When both instruments are in contact, the arthro-
scope is used as a guide for the mosquito clamp until the 
clamp touches the bone (Fig. 5d). This part of the procedure is 
performed in a blind fashion. The clamp remains in position 
while the arthroscope is pulled slightly backward and is tilted 
laterally until the tip of the mosquito clamp comes into view 
(Fig. 5e). The clamp is used to spread the crural fascia and 
extra-articular soft tissue in front of the tip of the lens. In case 
the crural fascia is fairly rigid, or in case excessive scar tissue 
or adhesions are present, the mosquito clamp is exchanged for 
a 5 mm full radius shaver. The shaver, as any instrument intro-
duced through the posteromedial portal, should be introduced 
in a similar manner as described for the mosquito clamp. 
When the tip of shaver comes into view, it is directed in a lat-
eral and slightly plantar direction toward the lateral aspect of 
the subtalar joint. While creating an entrance in the crural fas-
cia for the arthroscope, the opening of the shaver should 
always face bone. The shaver is retracted and the arthroscope 
can now be pushed through the hole in the fascia to inspect the 
posterolateral aspect of the subtalar joint. Proximal to the sub-
talar joint the posterior talofibular ligament, tibial slip, also 
called the intermalleolar ligament, and the posterior tibiofibu-
lar ligaments can be recognized, in that order.

The shaver is situated on top of the posterior talar process, 
and while shaving medially, the Rouvière ligament and soft 
tissue can be removed until the FHL tendon becomes visible. 
Before addressing the pathology, the FHL tendon should 
always be inspected. The FHL tendon is an important safety 
landmark, since the neurovascular bundle runs just medial to 
this tendon. In case of a FHL tendinopathy, the flexor retinacu-
lum is cut with an arthroscopic punch or scissors to release the 
tendon (Fig. 6). After removal of the thin joint capsule of the 
ankle joint, the intermalleolar and transverse ligament can be 
lifted in order to enter and inspect the ankle joint.

On the medial side, the tip of the medial malleolus and the 
deep portion of the deltoid ligament can be visualized. By 
opening the joint capsule from inside out at the level of the 
medial malleolus, the tendon sheath of the posterior tibial 
tendon can be opened when desired, and the arthroscope can 
be introduced into the tendon sheath. The posterior tibial ten-
don can be inspected. The same procedure can be followed 
for the flexor digitorum longus tendon.

By applying manual distraction to the calcaneus, the poste-
rior compartment of the ankle opens up and the shaver can be 

Fig. 3 For hindfoot endoscopy, the patient is placed in a prone position. 
A tourniquet is applied around the upper leg and a small support is 
placed under the lower leg, making it possible to move the ankle freely

Fig. 4 For marking the anatomical landmarks that are needed for portal 
placement, the ankle is kept in a neutral position. A probe can be useful 
to determine the plane in which the portal must be positioned. A straight 
line is drawn from the tip of the lateral malleolus to the Achilles tendon, 
parallel to the foot sole. The posterolateral is located proximal to and 
5 mm anterior the straight line (arrow)
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a b c

d e

Fig. 5 Macroscopic image of a left ankle indicating the stepwise portal 
placement for hindfoot endoscopy. (a) After making a vertical stab inci-
sion the subcutaneous tissue is bluntly divided by a mosquito clamp in 
the direction of the first interdigital webspace. (b) The mosquito clamp 
is exchanged for the blunt trocar, still the direction is toward the first 

interdigital webspace. (c) After the medial portal has been created, a 
mosquito clamp is introduced, directed toward the arthroscopic shaft in 
a 90° angle. (d) The arthroscopic shaft is used to guide the mosquito 
clamp anteriorly until it reaches the bone. (e) The arthroscope is slightly 
retracted and is tilted to the lateral side until the clamp comes into view



Hindfoot Endoscopy 679

introduced into the posterior ankle compartment. We prefer to 
apply a soft-tissue distractor at this point [43]. A synovectomy 
and/or capsulectomy can be performed when indicated. The 
talar dome can be inspected over almost its entire surface as well 
as the complete tibial plafond. An osteochondral defect or sub-
chondral cystic lesion can be identified, debrided, and drilled. 
The posterior syndesmotic ligaments are inspected and debrided 
if fibrotic or ruptured. The syndesmotic stability can easily be 
tested with a hook. Also loose bodies in the syndesmotic liga-
ment complex can be released and subsequently removed.

Removal of a symptomatic os trigonum, a nonunion of a 
fracture of the posterior talar process or a symptomatic large 
posterior talar prominence, involves partial detachment of the 
posterior talofibular ligament and release of the flexor retinacu-
lum, both of which attach to the posterior talar prominence. 
Bleeding is controlled by electrocautery at the end of the proce-
dure. To prevent sinus formation, the skin incisions are sutured 
with 3.0 Ethilon. The incisions and surrounding skin are 
injected with 10 ml of a 0.5% bupivacaine/morphine solution. 
A sterile compressive dressing is applied (Klinigrip, Medeco 
BV, Oud Beijerland, The Netherlands). Prophylactic antibiotics 
are not routinely given. On www.ankleplatform.com the opera-
tive technique can be seen in videos and in pictures.

Postoperative Management 
and Rehabilitation

The patient can be discharged the same day of surgery and 
weightbearing is allowed as tolerated. The dressing is removed 
3 days postoperatively and the patient is permitted to shower. 

Performing active range of motion exercises for at least three 
times a day for 10 min each is encouraged. Patients with lim-
ited range of motion are directed to a physiotherapist.

Tips, Tricks, and Pitfalls

In the hindfoot, the crural fascia can be quite thick. This local 
thickening is called the ligament of Rouvière [26]. This liga-
ment needs to be at least partially excised or sectioned, using 
arthroscopic punch or scissors, to reach the level of the sub-
talar joint. The position of the arthroscope is important; the 
view should routinely be to the lateral side. Initially, the 
arthroscope must be pointed in the direction of the first inter-
digital web space to be in a safe area. The FHL tendon is an 
important landmark. The working area is laterally with 
respect to the FHL tendon. The FHL tendon can safely be 
identified by shaving on top of the posterior talar process 
while the opening of the shaver is pointing toward the bone. 
While staying in contact with the bone, the tip of the shaver 
should be moved slowly and slightly twisted to the medial 
side, so that the opening of the shaver is to the lateral side and 
thus the blunt back of the shaver blade is turned toward the 
FHL tendon. The contour of the posterior talar process is fol-
lowed until the shaver suddenly drops in between the poste-
rior talar process and the FHL tendon. Shaving should be 
stopped at this moment and the FHL tendon must be identi-
fied. The opening of the shaver should always be directed 
away from the tendon at this point. The FHL tendon should 
only be passed medially with a mosquito clamp if a release of 
the neurovascular bundle is required (post-traumatic tarsal 

a

b

c

Fig. 6 Twenty-three-year-old female patient presenting with postero-
medial left ankle pain during plié. Clinically, the pain could be pro-
voked by active/passive flexion of the great toe and palpation just behind 
the medial malleolus. (a) Endoscopic image displaying the flexor hal-
lucis longus tendinopathy (C). The flexor hallucis longus tendon is 

located just medial to the posterolateral talar process (A) and is fixated 
by the flexor retinaculum (B) in between the posteromedial and – lateral 
talar process. (b) The flexor retinaculum is released using a punch 
(D = level of the subtalar joint). (c) Postoperative endoscopic image 
showing a complete release of the flexor hallucis longus
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tunnel syndrome). If a hypertrophic posterior talar process is 
removed by using a chisel, care must be taken not to place the 
chisel too far anteriorly. Only the inferoposterior part of the 
process should be removed with the chisel. The remnant of 
the process can be taken away with a bone-cutter shaver. If 
initially the chisel is placed too anteriorly, it is hard to avoid 
taking away too much bone at the level of the subtalar joint.

Loose bony particles can easily be created with the microf-
racture awl in case of puncturing the subchondral plate in osteo-
chondral defects. They can become detached upon withdrawal 
of the awl. If the particles are not removed properly, they may 
act as loose bodies and should therefore be removed [36].

Discussion

Arthroscopy has become a common practice in today’s mod-
ern medicine. It is an important operative technique in treating 
a wide variety of ankle pathology and provides a minimally 
invasive approach as a good alternative to the existing open 
surgical approaches. The surgeon must be familiar with the 
anatomy and must try to use routine portals in ankle arthros-
copy. Ideally, these routine portals can be used to treat the vast 
majority of pathology, without the need for additional portals.

The authors feel that the posteromedial and – lateral por-
tal, as described in 2000 possess the criteria, as discussed 
above [41]. Also portals must provide a safe access, as is 
anatomically demonstrated to be the case for these posterior 
endoscopic portals [20, 32].

Recently, a retrospective study was published in which 
16 posterior ankle arthroscopies were evaluated [48]. All the 
patients had a good functional and clinical outcome at a mean 
follow-up of 32 months. One patient had a temporary numb-
ness in the region of the scar. Similar results were published 
in a prospective study by the senior author [31]. In total, 
55 posterior ankle arthroscopies were assessed. All patients 
had a posterior ankle impingement syndrome. Good to excel-
lent functional and clinical outcomes were reported in 74% of 
the cases. One complication occurred, being a temporary sen-
sational loss of the posteromedial heel. The two-portal endo-
scopic hindfoot approach compares favorably to open surgery 
with regard to less morbidity and a quicker recovery [31].
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Articular Cartilage Biology

James A. Martin and Joseph A. Buckwalter 

Extracellular Matrix

Articular cartilage forms a nearly frictionless interface 
between joint surfaces and protects underlying bones by 
redistributing loads. A highly effective layer of lubricant 
coats the cartilage surface. Cartilage itself consists mainly of 
water (~70% of the wet mass), proteoglycans, and collagen. 
More than 80% of the proteoglycan is in the form of aggre-
can, a 250 kDa protein decorated with polyanionic sulfated 
glycosaminoglycans (keratan and chondroitin sulfate). 
Individual aggrecan monomers bind hyaluronic acid to form 
high molecular weight (>3.5 × 106 Da) aggregates. In the 
matrix, aggregate entrapment within a type II collagen fibril 
network results in densely packed negative charges, which 
are available to interact with water via hydrogen bonding. 
Electrostatic repulsion and a strong tendency to retain bound 
water, enables cartilage to resist deformation under compres-
sion, and to redistribute stresses by hydrostatic pressuriza-
tion of the matrix [65].

Cartilage matrix structure varies with depth; four distinct 
zones (e.g., superficial, transitional, radial, calcified) can be 
distinguished based on differences in cell morphology, 
matrix composition, and collagen fibril orientation. These 
depth-dependent variations result in marked anisotropy and 
chondrocytes experience different stresses depending on 
their location in the depth of the matrix [55]. The superficial 
zone is relatively low in proteoglycan content compared with 
the deeper zones and, in contrast to deeper zones where col-
lagen fibrils run perpendicularly or orthogonal to the surface, 
the collagen network runs prevailingly parallel to the sur-
face. Thus, the superficial zone is specialized to resist tensile 
stresses [93].

Chondrocytes and Metabolism

The cartilage extracellular matrix is thinly populated by 
articular chondrocytes, which are specialized for life in the 
demanding environment of the joint. Despite their low den-
sity, chondrocytes exert a profound influence on cartilage 
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matrix stability. Chondrocyte depletion is associated with 
aging and osteoarthritis and preventing chondrocyte death 
blocks matrix degeneration after cartilage injury. Chon-
drocytes maintain the ECM by actively synthesizing its 
 components but also contribute to matrix degradation by 
synthesizing matrix proteases. Disturbance in the balance 
between biosynthetic and degradative activities destabilizes 
the ECM and is a hallmark of osteoarthritis.

All chondrocytes are not alike; superficial zone chondro-
cytes are distinct from cells in other zones in that they are 
comparatively flat in shape and less rigid due to the absence 
of intermediate vimentin filaments [10]. These features 
appear to be an adaptation to the relatively higher strains 
experienced by these cells compared with cells lodged in the 
deeper zones where proteoglycan is more abundant [18]. 
Superficial chondrocytes also secrete a specialized glycopro-
tein called lubricin (also known as superficial zone protein, 
or PRG4), which coats cartilage surfaces and lowers surface 
friction [46]. Intra-articular injection of recombinant lubricin 
prevented cartilage degeneration in a rat meniscal tear model 
of osteoarthritis (OA) [28], indicating that friction plays a 
role in cartilage degeneration in OA [28, 79].

Cartilage is avascular and nourished only by way of syn-
ovial fluid at its surface and through subchondral bone at its 
base [6, 64]. Intratissue oxygen saturation is predictably low 
(2–5%), but chondrocytes tolerate such mild hypoxia, relying 
for the most part on glycolysis for ATP production [5, 60]. 
Presumably, in normal cartilage, ATP is generated in suffi-
cient quantity to meet demands for maintenance-level biosyn-
thesis of proteoglycans and collagens. However, very low O

2
 

levels (<1%) inhibit glycolytic activity via negative feedback 
by reduced intermediates (e.g., NADH and NADPH), which 
accumulate in the absence of oxidants [60]. Recent studies 
support earlier findings that moderate-to-severe intra- articular 
hypoxia accompanies arthritis and joint inflammation. The 
O

2
 level in synovium from patients with rheumatoid arthritis 

dips to 2.5% or less and is likely much lower in articular 
cartilage [11]. In addition to interfering with ATP production, 
such severely hypoxic conditions induce chondrocytes to 
express vascular endothelial growth factor (VEGF) and other 
Hif-1 -regulated factors that promote blood vessel invasion 
of the tidemark, a classic pathologic feature of osteoarthritis 
[74]. These studies show that articular cartilage is vulnerable 
to severe hypoxia, which is encountered in vivo in associa-
tion with degenerative joint disease.

Influence of Mechanical Stresses

In addition to lacking blood vessels, cartilage is deprived of 
the neural input that drives adaptation of bone and muscle to 
prevailing loading conditions. Yet, numerous examples of 

loading effects on cartilage would seem to indicate an intrin-
sic capacity for load adaptation. These observations have 
focused attention on chondrocyte mechanoresponses, which 
appear to mediate many of the effects of loading on cartilage 
[40, 53, 78]. A wealth of in vitro studies indicates that chon-
drocytes are sensitive to frequency, rate, and magnitude of 
loading [31, 58, 61, 86, 92]. In general, physiologic cyclic 
stress (1–5 MPa) applied at moderate frequencies (0.1–1 Hz) 
and rates (<1,000 MPa/s) stimulate matrix synthesis and 
inhibit chondrolytic activity, whereas excessive stress ampli-
tudes (>5 MPa), static loading (<0.01 Hz), or stress rates in 
excess of 1,000 MPa/s suppress matrix synthesis and pro-
mote chondrolytic activity. The transduction of mechanical 
signals resulting in changes in gene expression has long been 
known to involve integrins and the cytoskeleton. However, 
more recent findings suggest that primary cilia may act as a 
mechanosensory organ in chondrocytes and osteoblasts. 
These studies show that intracellular calcium flux, a primary 
effect of mechanical strain, is mediated by single cilia that 
protrude into the pericellular matrix and are connected to 
stretch activated channels in the cell membrane [40, 52, 91]. 
The hypothesis that cilia play a role in cartilage homeostasis 
is supported by data from transgenic mice lacking functional 
cilia, which showed signs of abnormal cartilage development 
and degeneration [47, 70].

Evidence of load adaptation in cartilage was revealed by 
the pioneering studies of Kiviranta et al., who determined the 
effects of moderate running exercise (1 h per day 5 days per 
week for 15 weeks) on the stifle joints of beagle dogs. They 
found that running was associated with significant gains in 
cartilage thickness and increased proteoglycan content in 
femoral condyles and patellae [50]. However, later studies 
showed that more strenuous long distance running (up to 
40 km per day for 40 weeks) resulted in cartilage thinning 
and proteoglycan loss [7, 8, 44, 51], indicating that load tol-
erance and adaptive capabilities of canine cartilage are lim-
ited. The relevance of the canine models to humans was 
called into question by a recent report on the effects of elite 
athletic activity on cartilage thickness in human knees. 
Utilizing MR imaging, investigators showed no significant 
differences between elite athletes and controls, suggesting 
that the capacity for human cartilage to add mass in response 
to increased loading is more limited than in dogs [25, 26]. 
However, another study showed significant (14%) patellar 
cartilage thickening in weight lifters and bobsled sprinters 
compared to non-athletic controls [30]. It remains to be seen 
whether human cartilage shows changes in matrix composi-
tion such as those observed in the dog model. In any event, 
based on a study published by Chakravarty et al. it does at 
least appear that the two species share a similar tolerance for 
moderate exercise. Long distance running effects in the 
human knee were tracked by serial radiography of patients 
over 2 decades (mean age = 58 years). Multivariate analysis 
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revealed that runners (n = 45) showed no significant increase 
in Kellgren-Lawrence scores compared to controls (n = 53), 
indicating that running was not associated with increased 
risk for osteoarthritis [16].

Habitual strenuous loading is clearly harmful to cartilage, 
but some form of mechanical stimulation is required for  
cartilage health. Atrophy in response to unloading is well 
documented in both animals and humans [33, 34]. Joint 
immobilization models consistently show cartilage thinning, 
softening, and proteoglycan loss. Recent work in a rat model 
revealed increases in chondrocyte apoptosis, and increased 
Hif-1  VEGF, MMP-8, and MMP-13 expression [4, 81]. 
This suggests that hypoxia may play a role in immobilization 
effects. MRI studies of human knees published by Vanwanseele 
et al. showed progressive cartilage thinning within 2 years of 
spinal cord injury [89, 90], indicating atrophy similar to that 
observed in joint immobilization models. The ability of carti-
lage to return to a trophic state when loading is resumed is 
also well established. Data from immobilization models show 
varying degrees of recovery of normal cartilage thickness, 
stiffness and proteoglycan content accompanied by normal-
ization of IL-1, and TIMP-1 levels in synovial fluid [32–34]. 
However, in most cases, extended immobilization results in 
permanent deficits of up to 25% in proteoglycan content and 
mechanical properties [38]. The risk for such permanent 
effects on cartilage in patients with extended partial weight 
bearing is unclear due to uncertainties regarding the time 
course for immobilization-induced atrophy in humans; how-
ever, a recent study of patients recovering from ankle fracture 
showed significant losses of patellar cartilage thickness 
(−3%) and tibial cartilage thickness (−6%) after only 7 weeks 
of reduced loading [36].

Aging and Primary Osteoarthritis

The age-dependent incidence of osteoarthritis has long been 
taken to support the notion that age-related changes in articu-
lar cartilage are pathogenic. However, despite improved 
understanding of the causes and phenomenology of aging, its 
connection to osteoarthritis is still somewhat obscure. A still 
controversial question is how normal age-related changes in 
cartilage, which do not progress to OA, can be distinguished 
from early changes that reliably do progress to OA. In that 
regard, longitudinal MRI studies have proven useful [25, 27]. 
In one example, MRI exams of patients with knee OA symp-
toms showed significant reductions in cartilage thickness 
over 1 year, indicating disease progression [27]. Presumably, 
similar studies in age-matched patients without symptomatic 
OA would show less progressive thinning. This coupled with 
an initial exam using MRI methods that are sensitive to 
 cartilage matrix composition (dGEMRIC, T2 or T1 ) could 

help to distinguish initial conditions that predispose patients 
to OA from those that do not.

Except in connection with injury, cell division is rare in 
mature articular cartilage, suggesting that most chondrocytes 
present at skeletal maturity are likely to remain in place for 
decades [35, 85]. Although their numbers remain relatively 
stable for most of adult life in normal cartilage, early OA is 
marked by increased apoptosis and, at later stages, by hypo-
cellularity [23]. Further, preventing apoptosis using caspase 
inhibitors ameliorates the development of OA in animal 
models and holds great promise for the treatment of some 
forms of OA in humans [22].

Chondrocytes may be long lived, but a number of in vitro 
tests document age-related declines in their performance, 
especially after the fourth decade of life when the risk for 
OA increases sharply [2, 62]. Losses in overall biosynthetic 
activity, particularly under growth factor stimulation, could 
contribute to the risk for OA by undermining matrix mainte-
nance and repair. However, a pathogenic role for these rela-
tively subtle cellular changes remains to be proven. Indeed, 
it is possible that the age-related decline in biosynthetic 
activity constitutes a successful metabolic adaptation to 
decreasing nutrition or other environmental changes, and 
that its association with OA is coincidental.

More obviously, pertinent to OA are age-related changes 
in chondrocyte phenotype that lead to increased expression 
of catabolic cytokines and matrix proteases. Recent work 
suggests that dysregulation of the Wnt/ -catenin pathway, 
which regulates multiple genes involved in cartilage devel-
opment, is strongly associated with OA [12, 19]. Wnt-
induced signaling protein 1 (WISP-1) was found to upregulate 
matrix protease expression in chondrocytes [12]. Inactivating 
mutations in the gene encoding frizzled-related protein-3, 
a key negative regulator of the Wnt pathway, were found to 
predispose patients to OA [63], and transgenic mice overex-
pressing -catenin develop osteoarthritic changes [63]. 
Interestingly, -catenin activation is regulated by mechanical 
stresses in chondrocytes, suggesting a role for the Wnt path-
way in integrin-mediated mechanoresponses [59].

What causes age-related changes in the Wnt pathway or 
other alterations in phenotype is uncertain. There is some 
evidence to suggest that the age-dependent accumulation of 
epigenetic changes alters the pattern of chondrocyte gene 
expression [17, 20, 42]. This involves altered activity of 
DNA methyltransferases and/or histone acetylases/deace-
tylases, which inappropriately silences or activates gene 
expression by modifying cis-acting sequences that control 
transcription [49]. For example, Cheung et al. analyzed the 
expression of the aggrecanase encoding gene ADAMTS-4 in 
normal and osteoarthritic cartilage and found that the enzyme 
was upregulated in superficial zone chondrocytes in OA. 
Further analysis revealed that increased expression in OA 
was related to loss of cytosine methylation at critical CpG 
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islands in the ADAMTS-4 gene promoter. Loss of DNA 
methylation in a patient with developmental dysplasia of the 
hip was associated with increased expression of MMP-13, 
MMP-9, and MMP-3, all of which contribute to ECM degra-
dation [20]. The availability of drugs targeting methylation 
and histone modification for cancer therapy has stirred dis-
cussion of their use in the treatment of OA [80].

Cell senescence, a phenomenon underlying many degen-
erative diseases, also occurs in articular cartilage. Senescence 
is defined as permanent growth arrest, but the term is also 
often used in connection with profound alterations in gene 
expression. Senescent cells can be long lived, which might 
not be problematic except that they are not entirely quiescent 
and show abnormalities in matrix metabolism that actively 
disrupt tissue function [62]. Chronic oxidative damage has 
been shown to induce senescence in human chondrocytes 
and senescent cells accumulate in articular cartilage with 
aging [66, 68]. Chondrocytes generate oxidants in response 
to mechanical stress, suggesting a connection between 
mechanical factors, oxidative damage, and senescence [9, 69]. 
Thus, it appears that aging changes might be slowed by 
avoiding stresses that result in deleterious oxidant release.

In most of the studies described above, it is implicitly 
assumed that only one cell type is present in articular carti-
lage. However, it is increasingly apparent that cartilage har-
bors progenitor cells, which are distinct from normal 
chondrocytes in that they are highly migratory, pleuripotent, 
and clonogenic [24, 48, 54]. Progenitor cells have been iden-
tified in late stage osteoarthritic cartilage, and may partici-
pate in the repair of damaged matrix. Thus, age-related 
declines in this subpopulation could have a disproportionate 
effect on matrix stability [73].

Injury and Post-traumatic Arthritis

Physical injury to articular cartilage surfaces can occur under 
a variety of circumstances including articular fracture, ACL 
rupture, or simple sprains. High loading rates (>1,000 MPa/s) 
and high peak stress amplitudes (>20 MPa) initiate focal dam-
age that can spread to involve ever larger areas of the joint 
surface, leading to post-traumatic osteoarthritis [3, 43, 67, 75, 
82, 84]. Biological responses act to repair or limit the damage 
inflicted by injurious stress, but progressive degeneration is a 
common sequel to injury, particularly in the middle-aged and 
elderly [37]. At the high loading rates, characteristic of impact 
injuries, overall cartilage strain and water loss are minimal 
[71, 72]. However, local strains in the superficial zone during 
impacts can exceed 40% and matrix fissuring and chondro-
cyte death are evident postimpact [13, 15, 88]. These changes 
have been shown to lead to the development of osteoarthritis 
in a rabbit model of single blunt impact [14].

Superficial zone chondrocyte death is strongly associated 
with physical injury to articular cartilage [23]. Most of the 

available evidence indicates that the resulting devitalization 
of the cartilage matrix is permanent and destabilizing; thus, 
injury-induced cell death is among the earliest pathogenic 
events in post-traumatic OA (PTOA). An example of trauma-
related chondrocyte death in an osteochondral explant model 
is given below (Fig. 1). Preventing cell death in the immedi-
ate aftermath of injury has become a major target of therapy 
for PTOA much as it has for stroke and heart attack. 
Interestingly, cell death after stroke, heart attack, or cartilage 
injury appears to involve oxidative damage associated with 
free radical release [1, 83].

Both apoptosis and necrosis have been observed at sites of 
high energy impact injury [21, 76]. Impact-induced chondro-
cyte apoptosis is a caspase-dependent process. D’Lima et al. 
(2001) showed that Z-VAD-FMK, a cell-permeable fluorom-
ethylketone peptide caspase inhibitor, reduced impact-related 
apoptosis and proteoglycan release from bovine explants and 
reduced the severity of osteoarthritis in vivo [22, 23]. Caspase 
inhibitors and the surfactant P-188 were also shown to pre-
vent nearly 50% of the chondrocyte death that occurred in 
human ankle cartilage subjected to a single impact [76]. 
P-188 is thought to prevent necrosis by restoring cell mem-
brane integrity, which is compromised by injury. In addition, 
BMP-7 applied intra-articularly within 3 weeks after an 
experimental impact injury in the sheep stifle joint prevented 
apoptosis and ameliorated progressive degenerative changes 
in the cartilage matrix [39].

Evidence for mitochondrial involvement in injury-induced 
apoptosis comes from a cartilage explant injury model, in 
which it was shown that a wave of calcium was released from 
the endoplasmic reticulum following blunt impact injury. 
Increased calcium induced permeability transition pore for-
mation in the inner mitochondrial membrane. The resulting 
depolarization was associated with cytochrome C release, 
Bcl-2 degradation, and caspase-dependent apoptosis [41]. 
Chondrocyte apoptosis was inhibited by blocking the increase 
in cytoplasmic calcium or by blocking permeability transi-
tion pore (PTP) formation. These results show the central 
role of calcium in chondrocyte responses to mechanical 
trauma and provide evidence that mitochondria-dependent 
apoptosis is a significant consequence of the disruption of 
calcium homeostasis.

Recent work in a bovine explant model showed that 
impact-induced chondrocyte death was significantly reduced 
by treatment with the intermediate free-radical scavenger 
n-acetyl cysteine (NAC) [69]. These results were consistent 
with the findings of Kurz et al., which showed similar effects 
on postimpact viability using a superoxide dismutase (SOD) 
mimetic [56]. NAC is a powerful scavenger of highly damag-
ing hydroxyl and hypochlorous radicals, which are formed in 
cells following exposure to superoxide. NAC applied within 
2 h of impact spared more than 75% of cells that would have 
otherwise died within 72 h injury. Moreover, impact-related 
decline in proteoglycan content 7 days after injury was 
blocked by early postimpact NAC treatment. Additional 
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studies established that superoxide radicals are released from 
mitochondria in response to impact injury; blocking mito-
chondrial electron transport at complex I using rotenone 
ablated superoxide release and had chondrocyte sparing 
effects similar to those of NAC [29].

Taken together, the studies reviewed here demonstrate the 
central role of oxidative stress and mitochondrial dysfunction 
in acute chondrocyte death induced by articular injury. 
Fortunately, we now know that cell death under these condi-
tions is preventable and that preserving cellularity improves 
tissue function and short-term matrix stability. However, the 
ability of such acute cytotherapies to prevent osteoarthritis is 
unproven. Mechanical intervention to relieve contact stresses 
in arthritic joints might be a treatment option. This strategy, 
which involves external fixation and separation of joint sur-
faces for up to several weeks, has been applied extensively to 
patients with OA of the ankle, who are otherwise destined for 
arthrodesis [57]. Ploegmakers et al. studied a series of 
22 patients with severe ankle arthritis, most of which was sec-
ondary to ankle fracture or subluxation [77]. The patients 
were treated with distraction using an Ilizarov frame for an 
average of 15 weeks. Separation of joint surfaces during the 
distraction period was confirmed by radiography. Distraction 
failed to alleviate symptoms of pain and reduced function in 
six patients, who went on to arthrodesis within 4 years of sur-
gery. However, at 7 years posttreatment the remaining patients 
reported significant clinical improvement. More recently, 
Tellisi and colleagues followed patients for 30 months after 
frame removal [87]. Twenty-one of these (91%) experienced 
significant improvement in American Orthopaedic Foot & 
Ankle Society scores and only two resulted in arthrodesis. 
While this and other studies showed sustained positive clini-
cal results, the mechanisms of distraction effects, particularly 
with respect to articular cartilage repair and stability are still 
largely unknown. Direct evidence that distraction affects 

cartilage stability was presented by Kajiwara et al. who 
showed in a rabbit model that distraction of the stifle joint for 
8–12 weeks prevented progressive cartilage degeneration and 
promoted repair of osteochondral defect [45].

Summary

Studies of articular cartilage biology reveal a complex tissue 
that serves impressively well despite the unique challenges 
presented by limited nutrition, hypoxia, and changing 
mechanical stresses. Although it is adaptable, cartilage is 
also notoriously vulnerable to injury; once its elaborate 
structure is compromised, progressive degeneration is a 
likely outcome. However, recent findings suggest that injury 
need not lead inevitably to OA. BMP and Wnt pathway mod-
ulators, antioxidants, caspase inhibitors, and membrane sta-
bilizers all show promise as anti-degenerative agents. The 
development of strategies such as joint distraction, aimed at 
modifying mechanical conditions, can only enhance the 
effectiveness of these biology-based therapies.
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Hasan Bilgili, and Mustafa Sargon

This chapter reviews the structure and functions of the carti-
lage and the synovium, the chondrogenetic properties of the 
synovium and the clinical importance of the biological rela-
tionship between these two structures. In the near future, it 
may be anticipated that for the treatment of articular carti-
lage lesions, there might be alternative methods using “the 
biological treatment”, which involves the reproduction of the 
hyaline cartilage within the human synovium “in vivo”, 
using the natural process; this can be termed “the biological 
tropism” between the synovial and chondral tissues.

Introduction

The information related to the structure, function, and dis-
eases of the joint cartilage and its repair problem was first 
summarized by the investigator surgeon William Hunter in 
1743: “If we consult the standard Chirurgical Writers from 
Hippocrates down to the present Age, we shall find, that an 
ulcerated cartilage is universally allowed to be a very trou-
blesome disease…when destroyed, it is never recovered.” 
[29]. Since then, the efforts of orthopedic surgeons have been 
directed increasingly toward the treatment of joint cartilage 
lesions. For the treatment of the injured articular cartilage, a 
number of clinical methods and experimental approaches 
have been described. These surgical procedures include; 
arthroscopic debridement with or without intraarticular 
injections [15, 16, 27, 32], perichondrial or periosteal cover-
ing [2, 28], abrasion arthroplasty [3, 34], microfracture [45], 
and transplantation of chondrocytes [6, 22, 37, 65], meniscal 
allografts [66], osteochondral allo- / otografts [43]. These 
procedures and the results of the prospective, randomized 
and controlled studies comparing them confirmed the famous 
saying of William Hunter. No known treatment that enables 
full restoration of the injured articular cartilage to its original 
phenotype has been found yet.

But in the last quarter of this decade, the information 
about the biology, biomechanics of the joint cartilage and 
the pathophysiology of their lesions has risen significantly. 
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For the reconstruction of the damaged articular surface, the 
creation of methods has been developing increasingly in 
basic and applied researches. The research in this subject 
area includes: tissue engineering, cellular and molecular 
biology including artificial matrices, growth factors and cel-
lular transplants and gene therapies including implantation 
of biological molecules directly into the joint space [6, 14, 
17, 20, 21, 25, 52, 53, 56, 58]. Among these emerging thera-
pies, the transplantation of autologous chondrocytes formed 
by tissue engineering has been an easily applicable, safe and 
efficient but expensive method [6, 22, 53]. Produced by tis-
sue engineering of cartilage rather than as a source of chon-
drocytes, mesenchymal stromal cells in recent years are 
recommended to use [23, 63, 70]. Mesenchymal stromal 
cells are known to be present in many other tissues, rather 
than in bone marrow. But in recent years, it is revealed that 
the synovium is the most chondrogenetic tissue and the 
most important tissue for the studies on the production of 
chondrocytes [8, 26, 72, 75]. The relationship between the 
synovial and chondral tissues can be termed “the biological 
tropism”. In the light of this relationship, an alternative 
“in vivo biological treatment” method that can be applied in 
the near future may be anticipated.

The Synovial Tissue

In healthy joints, the synovium covers the joint cavity and is 
responsible for the secretion of the joint fluid and for the 
regulation of the transport of nutrients and biomolecules 
between the joint cavity and the adjacent tissue (Fig. 1).

Structure and Functions

The synovial tissue forms the inner layer of the capsule in the 
knee joint beside the chondral tissue. It consists of cells and 
a vascular, secretory loose connective tissue.

Three major types of synovial cells (synoviocytes) are 
found within the synovial tissue:

1.  Type A synoviocytes (Macrophage-like cells, responsible 
for phagocytosis),

2.  Type B synoviocytes (Fibroblast-like cells, responsible 
for secretion of synovial fluid),

3.  Type C synoviocytes (Transition cells, whose function 
has not been understood yet.)

Beside the synoviocytes, the synovial tissue contains fat cells 
and multipotent mesenchymal stromal cells having chondro-
genetic properties.

It does not have a real membrane, as it is connected with 
the joint space [35]. The arterial, venous and lymphatic cir-
culation is present within its structure.

The synovial tissue is primarily responsible for both the 
secretion of the synovial fluid and the material exchange 
between blood and synovial fluid. The synovial fluid contains 
cytokines, lubricin, hyaluronan, matrix metalloproteinases, 
collagenases and prostaglandins. In normal circumstances, 
neither red blood cells nor clothing factors are found within 
the synovial fluid, which is responsible for the lubrication and 
the nutrition by diffusion of the joint cartilage and nutrition.

Chondrogenetic Properties

The chondrogenetic properties of the synovial tissue have 
been investigated for years both in vitro and in vivo. The 
synoviocytes are found to be as chondrogenetic as the mes-
enchymal stromal cells [12, 50]. Synovium-derived mesen-
chymal stromal cells were first reported by DeBari et al. [12]. 
The mesenchymal stromal cells are multipotent and have 
high regeneration capacity [12, 38, 55]. The mesenchymal 
stromal cells found in the synovial tissue have both a higher 

a

b

MND, OB & MS, 2009

Fig. 1 The cartilage (a) and the suprapatellar synovial tissue (b) in the 
knee joint of a rabbit in an experimental study [5] (MND, OB & 
MS, 2009



The Joint Cartilage – The Synovium: “The Biological Tropism”  695

chondrogenetic and proliferative capacity than other sources 
of mesenchymal stromal cells [47, 59, 64, 75]. Because of 
these properties, their clinical use on cartilage lesions for 
therapeutic purpose has drawn attention.

The Joint Cartilage

There are three types of cartilage in our body:

1. Hyaline cartilage
2. Elastic cartilage
3. Fibrous cartilage

The joint cartilage which is mesenchymal-tissue origin has 
hyaline cartilage components in its highly specialized struc-
ture [36]. The joint cartilage is a complex structure consisting 
of chondrocytes and cartilage-specific extracellular matrix.

Structure and Functions

The articular cartilage, which is composed of chondrocytes, 
water, and extracellular matrix structural components, is a 
highly differentiated and specialized viscoelastic tissue in 
our body (Table 1) [36].

The joint cartilage has a structure that is aneural, avascu-
lar, and alymphatic. The nutrition of chondrocytes occurs via 
diffusion between the synovial fluid and cartilage matrix. 
Due to its highest osmotic pressure in the body, the hyaline 
cartilage has the highest capacity to hold water [24].

The hyaline cartilage, which has a low friction and dura-
ble microarchitecture, provides the load sharing and pressure 
control in diarthrodial joints. For the healthy function of the 
joints, the presence and the vitality of the joint cartilage are 
needed. If not, the joint would end up with osteoarthritis 
unfortunately [42].

Chondrocytes

They are basic structural cells in the articular cartilage. As 
the articular cartilage is avascular, they get their energy by 

anaerobic glycolysis, using glucose obtained by diffusion 
from the synovial fluid. Chondroblasts are formed by 
direct differentiation of mesenchymal stromal cells. As 
chondroblasts differentiate to chondrocytes towards the 
deep calcified layer, more superficial cells remain as chon-
droblasts. Mature chondrocytes are in continuous and 
intensive chemical communication within extracellular 
matrix called “lacuna”. They synthesize type II collagen, 
proteoglycans, hyaluronic acid, chondronectin, cartilage 
degradation enzymes (metalloproteinases) and cartilage 
degradation inhibition enzymes (metalloproteinase tissue 
inhibitor) by their well developed smooth endoplasmic 
reticulum and Golgi complex. As the chondrocytes get 
old, their cellular production activity diminishes. They 
have a pivotal role in balance between extracellular matrix 
production and degradation. This process is affected by a 
variety of factors: matrix components, mechanical weight 
bearing, hormones, local growth factors, cytokines, aging 
and trauma [69]. This balance is lost in diseases like 
osteoarthritis. As this important interaction is complex, it 
is difficult to produce joint cartilage tissue in vitro.

Extracellular Matrix

Water: It forms 65–80% of the weight of the joint cartilage. 
This percentage is as high as 80% in the superficial layers 
and as low as 65% in the deep layers. This high amount of 
water is important for nutrition and lubrication. Although 
this percentage is as high as 90% in osteoarthritis, it decreases 
during natural senescence.

Collagen: Type II is the most abundant type of collagen in 
the structure of the hyaline cartilage. It forms 90–95% of all 
collagen. Due to the large amount of cross-links between 
them, the hyaline cartilage gains resistance against tractional 
forces. As the half-life of type II collagen is approximately 
25 years, the joint cartilage is a highly stable structure. But in 
cartilage diseases, the degradation process increases signifi-
cantly and the distortion of the extracellular matrix comes 
true due to collagenases.

The other types of collagen that are found in the extracel-
lular matrix are Types V, VI, IX, X and XI. Types IX and XI 
are the most abundant of these minor types. Type IX collagen 
forms cross-links with type II and integrates with proteogly-
cans in the extracellular matrix. The main function of type 
XI collagen is to regulate the fibril diameter of type II colla-
gen and to hold the collagen lattice together. Type X collagen 
is related with chondral calcification.

Proteoglycans: Structurally, they are protein polysaccha-
rides. They are composed of glycosaminoglycan subunits: 
chondroitin sulfate and keratin sulfate. Chondroitin sulfate is 
the most abundant glycosaminoglycan subunit in the joint 
cartilage. Glycosaminoglycans are bound to a central protein 

Table 1 The structural components of the articular cartilage

Percent (%)

Chondrocytes 5

Extracellular matrix
65–80
10–20
10–15
<5
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core by sugar bonds and this structure is called a “proteogly-
can aggrecan” molecule, which is characteristic of hyaline 
cartilage. These molecules are bound to the hyaluronic acid 
chain by glycoproteins and this structure is called “proteo-
glycan aggregate”. Proteoglycans have a half-life of 3 months, 
which gives the joint cartilage its structural properties. 
Proteoglycans are responsible for holding water. With this 
important property, they provide compressive strength of the 
cartilage and give resistance against compressive forces.

Other matrix components: Adhesive molecules which are 
also known as non-collagenous proteins are as follows: 
fibronectin, chondronectin and anchorin. They are responsi-
ble for the interaction between chondrocytes and collagen 
fibrils. The role of fatty tissue has not been identified yet.

Structural Layers

The joint cartilage has a distinctive basic structural anatomy and 
histology regarding with the alignment of collagen fibers and 
chondrocytes. It is composed of four zones, which are different 
from each other with regard to cellular morphology, biome-
chanical composition, and structural properties (Fig. 2) [5, 7]:

1. Superficial zone
2. Middle zone
3. Deep zone
4. Calcified zone

There is a transitional zone between deep and calcified zones, 
called “tidemark”.

Coming from the articular surface to the subchondral 
layer, the subsequent structural changes on chondrocytes, 
collagen fibers and extracellular matrix occur:

Chondrocytes: configuration from parallel to vertical to 
the joint line
Collagen fibers: alignment from parallel to vertical to the 
joint line
The extracellular matrix: increase in volume, amount of 
water and biological activity

Growing Properties

The joint cartilage shows two kinds of growing properties [71]:

1. Appositional growth (from outside): Chondroblasts syn-
thesize new matrix on previously formed matrix and the 
surface of the cartilage grows. (Differentiation of per-
ichondrial cells)

2. Interstitial growth (from inside): While chondrocytes 
divide within lacunae, they synthesize matrix. In his way, 
the cartilage grows volumetrically. (Mitotic division of 
chondrocytes)

Repair Capacity

Damage to articular cartilage frequently results from injury 
or disease. Because of its limited intrinsic healing capacity, 
articular cartilage cannot fully regenerate; thus, articular car-
tilage injuries eventually lead to secondary degenerative dis-
ease of the involved joint [31, 49]. As the adult articular 
cartilage defects have very limited potential for intrinsic 
healing capacity and regeneration, the repair of the cartilage 
tissue is a challenge. This is due to the following reasons 
[48, 51, 67, 76]:

Avascularity of the cartilage tissue
Immobility of chondrocytes
Limited proliferative capacity of chondrocytes
Senescence: Chondral apoptosis due to decrease in telom-
erase length
Difficulty in replacement of the injured site with original 
hyaline cartilage
Difficulty in sustainment of cartilage integration
Limited adult cartilage regeneration capacity compared 
with embryonic capacity

In the 270 years since William Hunter’s comment on cartilage 
lesions, no standard treatment enabling full restoration of 
injured articular cartilage to the original hyaline cartilage 

Superficial zone

Middle zone

Deep zone

Calcified zone

MND, OB & MS 2009

Fig. 2 The structural zones of 
the hyaline cartilage [5]
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biologically and biomechanically has been found. Generally, 
partial thickness defects – defects that do not penetrate the sub-
chondral bone – do not repair spontaneously [18]. The repair 
of full thickness defects – defects that penetrate the subchon-
dral bone – depends on the defect size and location [9]. 
Although small defects can repair spontaneously with hyaline 
cartilage, larger defects only repair with fibrous cartilage. 
Various methods have been described to regenerate articular 
cartilage defects. But there are some important problems with 
these methods: repair with fibrous cartilage even with ossified 
newly formed tissue by abrasion arthroplasty [34] or by 
microfracture [45], donor site morbidity, insufficiency for 
larger defects and problem of integration with mosaicplasty 
[43] or autologous chondrocyte implantation [6]. The regen-
eration of cartilage defects with hyaline cartilage is mostly 
approached using the last two methods.

From “Biological Tropism”  
to “Biological Treatment”

Although their incidence is not known, the cartilage lesions 
are frequently seen in the clinical settings mostly asymptom-
atically [10]. At first they are frequently asymptomatic and 
small-sized. Their natural history is not exactly known. If 
they are not recognized and treated early, their progression to 
osteoarthritis is most likely [31, 49]. For the treatment of 
advanced osteoarthritis, the prosthetic replacement is needed. 
Although the prosthetic replacement is performed with high 
success and low complication rates in older people, it is not 
a primary procedure for young and middle-aged people with 
high revision and low success rates [57]. To choose which 
treatment is suitable in this age group is not clear. But there 
is a necessity to find a biological treatment that restores the 
original cartilage tissue and its integration via a biological 
healing for the treatment of joint cartilage lesions before the 
development of osteoarthritis.

The industry has introduced a variety of treatment meth-
ods being surgical or non-surgical. By the strong influence 
and contribution of technology and industry, the number of 
investigations related with novel and developing treatment 
methods are increasing every day. As a result of all these 
developments; the responses of the questions “Can the joint 
cartilage lesions be healed?” and “Is it possible to restore the 
damaged cartilage with the new, stable and permanent hya-
line cartilage tissue?” seems to be “yes” with the novel sci-
entific evidences.

The multipotential and regenerative capacity of mesen-
chymal stromal cells has drawn attention on their usage for 
the treatment of articular cartilage lesions clinically [38, 55]. 
In the treatment of cartilage lesions, mesenchymal stromal 
cells can be used as a cell source instead of chondrocytes. 

In human body, mesenchymal stromal cells are found in ske-
letal muscle, tendon, fatty tissue, neural tissue, hepatic tissue, 
periosteum and synovial tissue, beside bone marrow [1, 4, 11, 
12, 19, 33, 54, 77]. The chondrogenetic properties of these 
tissues and the morphological properties of the chondral tis-
sue formed by mesenchymal stromal cells found in these tis-
sue shows differences [30]. Among these mesenchymal 
stromal cell-rich tissues, the synovial tissue has a significantly 
high number of advantages (Table 2) [12, 40, 47, 59, 64, 75]. 
With these properties, the use of the synovium-derived mes-
enchymal stromal cells makes them possible clinically.

The transformation of mesenchymal stromal cells to chon-
drocytes and their proliferation are regulated by a variety of 
growth factors, biomolecules and importantly local cellular 
environment (Table 3) [13, 26, 39, 41, 44, 46, 58, 64, 68, 73, 
74]. But, most of the studies on this subject were performed 
in in vitro settings. It is emphasized that the local environ-
mental factors are also important in the process of differentia-
tion of mesenchymal stromal cells to chondrocytes. [13]. 
A study in which adult bone marrow-derived mesenchymal 
stromal cells were put into the joint cavity and the effect of 
the joint cavity on chondrogenesis were investigated, showed 
that the synovial fluid and tissue are important for this dif-
ferentiation process [70]. Most of the studies on the effect of 
the synovial tissue on chondrogenesis were done in in vitro 
settings [33, 40, 64]. Moreover the questions “How is the 
control of this differentiation done?” and “How is the over-
growth of the formed tissue controlled and inhibited on time?” 
have not been answered in an evidence-based manner, yet.

It is recently found that the synovial tissue contains mes-
enchymal stromal cells in its structure and the synovial cells 
are found to be as chondrogenetic as mesenchymal stromal 
cells [12]. Moreover, it is found that the synovial tissue-
derived mesenchymal stromal cells have both the highest 

Table 2 The usage advantages of “the synovial tissue” in the treatment 
of chondral and osteochondral lesions

arthroscopic technique

Table 3 The factors that enhance the differentiation of mesenchymal 
stromal cells to chondrocytes (chondrogenic differentiation)

 (especially b1 and b3)
TGF-b3 mediated)

Osteogenic protein-1)
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proliferation ability and the chondrogenetic property [71]. 
After this valuable information, the clinical importance on 
their usage in the treatment of cartilage lesions has increased. 
But these properties of the synovial tissue are mostly shown 
in in vitro settings.

In the thesis study, which was performed in in vivo set-
tings, we found that the synovial tissue – acting as an 
“in vivo” culture medium on cartilage tissue – increased both 
the macroscopic size and the number of chondrocytes of the 
implanted cartilage tissue taken with subchondral bone, after 
4 months of follow-up. The number of chondrocytes was 
counted by the “camera lucida” method [5, 60–62]. In con-
tribution to all the studies in the literature in this field, this 
conclusion can be made that the synovial tissue would be as 
a good alternative cell source of chondrocytes and as a suit-
able “in vivo” culture medium for chondrocytes and that the 
cartilage produced “in vivo” would be used clinically with 
low cost, efficiency and easily with arthroscopy as a “bio-
logical treatment” method.

Future Prospects

Whether their etiology is traumatic or not, the clinicians face 
with the joint cartilage lesions symptomatically or mostly 
asymptomatically. If they are not recognized and treated 
early, they may end up with osteoarthritis, which is a com-
mon, disabling disease of human life. Because of that, 
depending on the age, symptomatology and expectations of 
the patient and the shape, deepness and size of the lesions, 
the appropriate treatment of the cartilage lesions is required. 
The ideal treatment of the cartilage lesions aims to provide 
biological healing and integration with the original hyaline 
cartilage, to decrease the pain of the patient and to regain a 
functional joint. These aims were only approached with 
mosaicplasty, autologous chondrocyte implantation and tis-
sue engineering techniques. But no treatment method suc-
ceeded the realization of all these aims.

However, we can anticipate – by the close biological rela-
tionship between the cartilage and the synovium – that the 
“in vivo” production of human cartilage within one’s own 
synovial tissue would be possible in the near future as a result 
of the concentrated effort in the last months of this bone and 
joint decade. We believe that the efforts towards implanta-
tion of the joint cartilage sample taken with its subchondral 
bone – which is grown in the “in vivo” synovial culture – into 
the articular cartilage lesion arthroscopically and integration 
of this into the original tissue would be the basis of the multi-
centered, randomized and controlled studies on the treatment 
of articular cartilage lesions to be done in the near future.
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Surgical Treatment of Osteochondral Defect  
with Mosaicplasty Technique

Gilbert Versier, Olivier Barbier, Didier Ollat, and Pascal Christel 

The treatment of cartilage and osteochondral defects has 
always posed difficulties for orthopedic surgeons. Many pro-
cedures lead to fibro cartilaginous scar tissue (Pridie’s perfo-
rations, microfracturing, periosteum graft, debridement, or 
abrasion arthroplasty) with poor results in 50% of cases [18, 
20, 22], in relation with significantly inferior biomechanical 
properties compared with those of hyaline cartilage. This 
scar tissue is unable to prevent or avoid a progression to a 
degenerative arthropathy.

To enhance these results, some alternative methods have 
been developed like osteochondral [12, 19, 24] and chondro-
cyte grafts [3, 4, 15].

Good results have been published for osteochondral 
allografts [7, 8, 21]. However, owing to the risk of viral dis-
eases’ transmission and uncertainties surrounding mainte-
nance of the properties of the transplanted tissue, many 
authors have switched to using autografts.

Various types of autograft are available. Grafts using autol-
ogous chondrocytes [4] involve two surgical procedures: one 
to remove a piece of hyaline cartilage, the other to implant the 
chondrocytes after the culture. This involves a very demand-
ing and expensive biotechnology. Implantation of the culti-
vated chondrocytes uses an open procedure, a harvesting of a 
patch of periosteum sutured around the gap of the cartilage 
defect, containing the chondrocytes and covered with biologi-
cal glue (Fig. 1). The efficiency of this method is now very 
well known , published by the Sweden team of Peterson and 
Brittberg. These results are often good (more than 85% of 
cases) but the new cartilage does not have adherence to the 
subchondral bone or to the edge of the cartilage defect and the 
new chondrocytes are not able to maintain their phenotypic 
expression in the long term. Biopsies have shown hyaline car-
tilage in only 60% of cases for this very expensive procedure.

Large autografts, introduced by Imoff, come up against 
the problem of morbidity due to the size of the donor site 
area and that of reestablishing the local radius of curvature, 
in other words articular congruence, with the risk of second-
ary mechanical conflict.

Several authors have suggested not using an osteochon-
dral autograft in a single block [12, 19, 24], but a collection 
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of small osteochondral cylinders inserted side by side like 
“pavings in the courtyard,” introduced with the name of 
mosaicplasty®. This technique of mosaicplasty was devel-
oped and perfected by L. Hangody in Hungary in the early 
1990s [11–13]. The first animal experiments were conducted 
in 1991, and the first human grafts were carried out in 1992. 
Matsusue [19] has published in 2002 the first report in the 
literature. This technique has been increasingly used in 
Europe since 1995–1996 [2], and it was given extensive cov-
erage since ESSKA Congress in Nice, then SFA in 1998.

The results of the mosaicplasty® often depend on the indi-
cations. It is subjected to limitations. . We have excluded the 
lesions of osteoarthritis, superficial lesions (ICRS grade I 
and II), and lesions which are present in patients more than 
50 years old where healing is not secure.

The subjects of this topic will include chondral or osteo-
chondral defect on only one articular surface, ICRS grade III 
or IV, on weight-bearing zone, and secondary to a traumatic 
avulsion or an osteochondritis dissecans [5].

Why must we repair an osteochondral lesion? When we 
see a spontaneous healing, that could be an excessive and a 
very aggressive treatment to remove this scar and realize 
a graft. In fact, the spontaneous healing of cartilage leads to 
a fibro-cartilage which has poor quality and no biomechani-
cal property of hyaline cartilage, especially during the 
indentation test. This fibro-cartilage cannot resist constraints 
observed during weight bearing, walking, or running. 

Finally, there appear lesions in mirror, then osteoarthritis by 
damages on the opposite side.

Before the treatment of an osteochondral lesion, the first 
step will be a complete evaluation of the lesion, then a 
good understanding of the procedure. Normally, a good 
indication with a perfect procedure must lead to a good 
functional result [16].

Evaluation of Lesions

The evaluation of the lesion must be functional, anatomical, 
and included in the status of the patient, in order to effect a 
complete treatment. This evaluation is available for the knee 
and the ankle.

1.  The functional evaluation of the lesion could use the 
ICRS (International Cartilage Repair Society) classifica-
tion, useful, simple, and reproducible. Four items are 
used: a subjective functional evaluation (normal, subnor-
mal, abnormal, very abnormal), a comparison with the 
healthy side (%), an evaluation of pain on an Analogical 
Visual Scale (0–10), and the level in sport. For ankle, 
some more specific items could be added.

2.  The pre-operative morphological evaluation must deter-
mine the depth, the area, and the location of the lesion. 
This information will be precise on a topographic docu-
ment. The depth of the lesion is classified into four grades 
(I–IV) using the ICRS classification. For the area, the 
best is to reproduce on the drawing the aspect after regu-
larization and debridement, just before the graft.
This evaluation is rarely clinical, because a lesion of car-
tilage does not give any clinical sign except for a losing 
body. This evaluation is made by the paraclinical exami-
nation (standard X-rays, arthrography, CT scan, RMI or 
arthro-CTscan) and, of course, during an arthroscopy.

3.  The study of the status is very important. Some patients 
should not have a repair of their cartilage because the 
local conditions are not favorable to obtain a good result. 
The physician must know the occupation, the daily and 
sportive activities, age and weight, the axis of lower limb 
(valgus, varus) which could be favorable or unfavorable, 
and of course if there exists an instability or a laxity. The 
bad conditions are a joint with a laxity, an unfavorable 
axis in a very active and sportive patient.

Surgical Procedure

The Principles

The principles of the mosaicplasty (Fig. 2) are established by 
Hangody: the cylindrical osteochondral grafts are removed 
from a donor site and transported to holes prepared at the 

Fig. 1 ACI for large defect of femoral condyle (courtesy from  
J Bahuaud)
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recipient site. The procedure could be realized via either 
arthrotomy or arthroscopy.

At the beginning of our experience, all the holes were 
drilled before the harvesting. Now, for every ancillaries used 
for this procedure, the transfer is made step by step; only one 
hole is drilled first before its “remplissage” by a plug harvested 
from the rim of femoral trochlea or intercondylar notch. The 
cylindrical graft has a length and diameter appropriate to those 
of the hole. The hole is drilled at the site of the cartilage defect 
and then filled with the cylindrical grafts harvested, in such a 
way as to restore the original curvature of the articular surface, 
and in order to cover a minimum 70% of the area, according to 
experimental studies to obtain the best results. Histological 
studies around 10 weeks after the procedure conclude that the 
grafted area contains effectively 60–70% hyaline cartilage and 
30–40% fibro-cartilage. The same results have been found in 
human biopsies taken by Hangody, even after 5 years.

Surgical Technique for the Femoral Condyle

In the arthrotomy technique, the usual way is parapatellar, 
medial, or lateral depending on the site of the condylar 
lesion (Fig. 3). First, a curette or a bistoury is used to bring 
back the edges of the cartilage defect to good hyaline carti-
lage at a right angle. The basement of the lesion is then 
abraded to obtain viable subchondral bone, which facili-
tates the production of fibro-cartilage between the grafts. 
The first hole is drilled perpendicular to the surface of the 
condyle, using an appropriate drill bit, between 4.5 and 
10 mm in diameter. The depth of the tunnel is 15 mm for 
cartilage tears and 20–25 mm for osteochondritis dissecans. 
By the same way, a cylindrical graft is then harvested from 
the medial rim of the femoral trochlea (Figs. 4 and 5), on 
femoropatellar no weight-bearing areas, with a tubular 
chisel of the same diameter as the drill bit used to prepare 

Fig. 2 Surgical ancillary for mosaicplasty®

Fig. 3 Chondral defect in weight bearing zone of medial condyle Fig. 4 Harvesting on medial part of the trochlea
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the hole at the recipient site. An essential point is that the 
chisel must be carefully positioned perpendicular to the car-
tilage surface and driven at a corresponding depth to that of 
the recipient site. The chisel is then toggled, causing the 
graft to break free at the chisel tip. The chisel, containing 
the graft, is then removed, and the graft can easily be ejected 
from the chisel by introducing a guide and a harvesting 
tamp. The recipient hole is then dilated with a dilator, a 
tapered instrument which makes it possible to widen the 
upper part of the hole and thus to insert the osteochondral 
graft, then to make it penetrate further into the recipient 
hole without difficulty. A guide tube (Fig. 6) is put in place 
at the top of the recipient hole, then the cylindrical graft is 
inserted into the hole using a graduated harvesting tamp, 
enabling the graft to be inserted to the desired depth, such 
that the cartilage surface of the graft is level with the adja-
cent hyaline cartilage. Ideally, the length of the osteochon-
dral graft should match the depth of the hole and the level 
of the cartilage/osteochondral defect. A wide tamp can be 
used to adjust the level of the graft in relation to the adja-
cent surface in order to restore the convexity.

Once the first graft has been put in place, the procedure is 
repeated as many times as necessary, maintaining a distance 
of a maximum of 1 mm between the various grafts at the 
recipient site. At the donor site, a distance of around 3 mm 
should be maintained between the various holes in order to 
have intact grafts. The diameter and the number of holes to 
be used depend on the size of the cartilage defect and its 
morphology. It should be borne in mind that the grafts should 
cover at least 70% of the cartilage defect (Fig. 7).

In arthroscopic technique (Fig. 8), this procedure is fea-
sible if the lesion needs less than three plugs. The arthroscopic 
technique is a very demanding procedure and requires a sur-
geon trained in arthroscopy. The choice of portal is critical; 
the aim is to place the instruments perpendicular to the 
recipient site. Several portals will sometimes be required in 
order to ensure perpendicular access. A needle can be used 
to help to determine the site of the portal. The usual portals 
are anteromedial or anterolateral, but usually the condylar 
defect is situated close to the intercondylar notch, the best 
portal is generally more central. In addition, the patient’s 
position must permit a complete range of motion. The prin-
ciples of the procedure are similar to those of the open pro-
cedure: the detached cartilage must be excised and the edges 
of the defect brought back until they are perpendicular to 
the subchondral surface. Using a motorized burr, the sub-
chondral bone must be abraded until it bleeds. In the case of 
osteochondritis dissecans, an increased level of curettage is 
necessary, in order to remove the sclerous tissue of the bed 
of the osteochondritis. A guide tube of between 4.5 and 
10 mm in diameter is then inserted to determine the number 
and size of the grafts required. The tubular chisel is then 
introduced via an ancillary medial parapatellar portal, in 
order to harvest the osteochondral grafts from the medial 
rim of the trochlea. It is very difficult to harvest the grafts 
arthroscopically, and pronounced lateral rotation of the 
patella is required. It is essential to remember that the grafts 

Fig. 6 The graft deliver with an osteochondral plug Fig. 7 Result after the grafting of the chondral defect

Fig. 5 Harvesting area on the medial part of the femoral trochlea
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must be harvested perpendicular to the cartilage surface, 
and in the event of problems, one should not hesitate to 
resort to a small medial parapatellar arthrotomy of 1.5–2 cm. 
For Jakob, the cartilage of the grafts is always oblique. Then 
the procedure is the same, repeated as many times as neces-
sary, following the same sequence each time: drill, harvest, 
dilate, and deliver. In general, use of the arthroscope makes 
it possible to achieve more precise delivery and positioning 
than the open procedure, especially as regards reestablish-
ing congruence, since differences in the level of the carti-
lage are more clearly visible with the arthroscope owing to 
the optical magnification.

Since it is not possible to harvest more than four grafts 
at most, 4.5 mm in diameter, from the medial rim of the 
trochlea, it may be necessary to supplement these by har-
vesting grafts from the periphery of the intercondylar 
notch. If this is still insufficient, the lateral rim of the tro-
chlea should be harvested, but this is only feasible via 
arthrotomy, owing to the fact that the extensor apparatus is 
bent outward. However, it should be remembered that the 
cartilage of the trochlea is thicker and of better quality than 
that of the intercondylar notch. Moreover, grafts harvested 
too close to the boundary of the bone tissue do not contain 
hyaline cartilage only. With regard to the knee joint, 
Hangody has proposed extending this technique to carti-
lage defects in the tibia, patella, and trochlea, excluding the 
degenerative lesions involved in osteoarthritis. The results 
reported are interesting, but the place of complementary 
actions to realign the skeleton has yet to be determined: 
tibial osteotomy, transposition of tibial tuberosity, at the 
same time or in advance.

Postoperative Care

In all cases, after arthrotomy or arthroscopy procedure, an 
intra-articular Redon drain is inserted for 24 h to avoid hemar-
throsis, especially after graft on an extending lesion. The 
patient is instructed to remain non-weight-bearing for a period 

of between 4 and 8 weeks, depending on the size and position 
of the cartilage defect. During this time, the knee must be 
mobilized without putting the grafts at risk, and between the 
exercises, the knee must be immobilized in a splint. The 
return to weight-bearing is gradual, daily active motion as 
soon as is possible, and sporting activities after 6 months in 
order to await a complete integration of the graft (Fig. 9).

Technique for the Talus

Osteochondral lesions of the talus also constitute an excel-
lent indication for mosaicplasty [5, 9, 10, 16, 25]. Not so 
much anterolateral lesions, always traumatic in origin, which 
are often small and respond well to excision/curettage via 
arthroscopy, but, above all, posteromedial lesions often 
osteochondritis and often poorly tolerated, as well as poste-
rolateral lesion. The functional prognosis is not the same for 
the latter lesions following excision/curettage as for antero-
lateral lesions.

Fig. 8 An example of a chondral 
defect graft under an arthroscopic 
procedure

Fig. 9 Arthroscopic view of a graft on the femoral condyle after 
6-months follow-up
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It is not easy to gain access to posteromedial osteochon-
dral lesions of the talus. They are not totally via an anterior 
surgical approach. Recourse has to be made to an osteotomy 
of the medial or lateral malleolus. The path of the osteosyn-
thesis screw is prepared in advance of the medial osteotomy, 
which is deliberately carried out obliquely, in a downward 
and outward direction, using a fine circular crosscut saw, in 
order to make it possible for the tubular chisels to have an 
angle of attack perpendicular to the surface of the talus. 
When the osteotomy is performed, care needs to be taken 
with regard to the tendons of the posterior leg muscle and the 
toe flexors which are just behind the bone.

For the lateral malleolus (Figs. 10 and 11), the first step is 
to remove carefully the anterior tubercle of the tibia (tubercle 
of Chaput) where there is the insertion of the anterior part of 
the tibiofibular ligament. This detachment must be sufficient 
to prepare the osteosynthesis which will be realized at the end 
of the procedure. After this step, the malleolar osteotomy must 
be realized with an oblique direction, from the front to the 
back and from the top to the base, upper the ligament, like a 
transligament fracture of the lateral malleolus. A distracter of 
Meary could be friendly use in order to have a maximal expo-
sure and to be able to realize perpendicular drillings of talus.

Then, the surgical procedure is identical with that already 
described for the femoral condyles, but the dilator could be 
stayed in place on the talar lesion during the harvesting on 
the knee. The osteochondral grafts are harvested from the 
medial rim of the trochlea of the ipsilateral knee, either via 
arthroscopy or via a small arthrotomy. Overall, the morbidity 
rate involved in this harvesting is very low (less than 5%), 

but naturally the patient needs to be advised of this  possibility 
and informed consent must be obtained.

Once the grafts have been inserted in the recipient site, the 
medial malleolus is fixed with a Maconor or AO type inter-
mediate screw, 4.5 mm in diameter.

For lateral malleolus, the osteosynthesis is usual, with 
isolated compressive screws and lateral plate in order to 
obtain a strong osteosynthesis which could allow an immedi-
ate mobilization. The patient is instructed to remain non-
weight-bearing for at least 1 month, until the malleolar 
osteotomy is consolidated. Postoperative immobilization is 
not necessary. On the contrary, the ankle joint needs to be 
mobilized to enable the mosaic to be broken in and to prevent 
stiffening, a preventive orthesis could be used. The non-
weight-bearing period may be longer in cases of extensive 
osteochondral defects, around 3 months.

Pitfalls of the Technique

As a general rule, the grafts must be harvested perpendicular 
to the surface of the joint. In vivo, it is very difficult to obtain 
grafts with a cartilage cap of homogeneous thickness and 
perpendicular to the axis of the subjacent subchondral and 
spongy cylinder. Grafts harvested obliquely result in speci-
mens in which the cartilage surface is oblique in relation to 
the axis of the graft. When this is the case, the projecting ele-
ment of the cartilage has very little osseous support and sim-
ply behaves like cartilage placed on an osseous surface. 

G versier E SSKA 2000

Osteotomv of fibula with chaput’ tubercule detachment 

Fig. 10 Principles of osteotomy 
of lateral malleolar in order to 
have a better view on the lateral 
part of the talus (G. Versier)
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However, a certain degree of obliqueness may be sought in 
cases where the radius of curvature is very pronounced, as 
with the talus, for example. There appears to be a degree of 
tolerance as regards the obliqueness of the graft, but this has 

yet to be determined. All plugs are oblique and must be 
implanted parallel; the chondral part must be implanted in 
order to obtain a similar curvature of the patient’s articular 
chondral surface [17].

Fig. 11 Treatment of a chondral lesion on the lateral part of the talus, using a lateral malleolar osteotomy: identification of the Chaput tubercle on 
the tibia, osteotomy with an electric saw, exposure, drilling, dilatation, then implantation of the plugs with the mosaicoplasty’ system
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It is important not to damage the cartilage cap when the 
graft is being harvested, and if this shows a tendency to 
become detached from the subchondral plaque, an additional 
graft should be harvested. Subchondral grafts must be gently 
tapped down, in order to avoid bruising of the cartilage. 
Jakob has developed instruments which render it unneces-
sary to tap on the graft at the point when it is extracted from 
the harvesting chisel.

In the event that a graft is higher than the adjacent articu-
lar surface, the spongy part of the graft must be shortened 
until it is flush with the articular surface. If the grafting 
exceeds the surface, it can cause an excess of pressure on the 
graft, a poor incorporation in surface, with an important risk 
of detachment; and a cavitation in depth. If, on the other 
hand, the graft is too deep, it must be withdrawn without 
damaging, and a new graft of the correct dimensions must be 
used. When it has been completely driven in, the osteochon-
dral graft must not be able to sink, as then the reconstructed 
articular surface will be lower. The length of the plug must 
be identical or inferior to the length of the hole.

Normally, the plug is in press-fit if the hole is intact. 
Sometimes, the stabilization must be necessary, especially in 
cases of OCD (in which the depth of the lesion facilitates the 
“swing of the graft”) and in the necessity of a reconstruction 
of the convexity. This stabilization could be temporary, real-
ized with a metallic pin [17], or definitively with a resorbable 
pin. But the stabilization could be used as also a “remplis-
sage” between the plugs with osteochondral mixture accord-
ing to Stone.

Coverage of the cartilage defect must be as complete as 
possible, and one should have no hesitation in adding grafts 
if there is too large an area between the grafts.

Clinical Results

Since 1992, where Matsusue then Hangody have reported 
their first cases, many publications were published on the 
results of this surgical procedure.

In the symposium of French Arthroscopic Society in 
1998, a French multicentric and retrospective study on the 
defect of the knee found 83% of IKDC A and B, without 
worsening the functional status of the patient.

More recently, Beaufils [1] has reported in a French multi-
centric study the surgical treatment of osteochondritis dissecans 
of the femoral condyle. Ninety-eight cases were treated with a 
mosaicplasty. The mean age was 26 years (12–59 years) and the 
mean follow-up was 36 months. One patient on four had had a 
previous surgical procedure. The mean surface area was 
3.3 ± 2.5 cm². The majority of the patients were treated with an 
open procedure. Four patients had had a failure with a new surgi-
cal procedure (mobilization of the graft or loose body). The 

fémoro patellar pain was present in 12% in relation with the har-
vesting. The results were excellent or good in 86% of the cases 
(ICRS A or B) and functional IKDC was 87 ± 4 points. These 
results are stable with the follow-up but they decrease if the cover 
rate is less than 70% (p < 0.05). A high tibial osteotomy did not 
increase the results. Beaufils has shown in 2005 the interest of 
the combinated fixation of the osteochondritis dissecans using 
screw and plug of mosaicplasty: the “fixation plus” (Fig. 12).

Hangody has published recently [14] his personal results. 
On 967 patients with articular defect on the knee, the results 
were different in relation with the location: on femoral con-
dyle, he obtained 92% good and excellent results, 87% on 
the tibia, and only 74% on the femoral trochlea and patella. 
On the harvesting location, he had only 3% of the patients 
with pain and difficulties according to Bandi score. An ana-
tomic control with an arthroscopic procedure shows a con-
tinue surface on 80% of articular cartilage surface. The 
indentation test with Artscan 100® shows a similar resistance 
with the normal cartilage. But 85% of the patients have had 
another surgical procedure. He concludes on the good results 
of this reliable technique which is recommended for patients 
less than 50 years old.

On the other hand, Brittberg [3] has reported the impor-
tant experience of the Swedish team using autologous chon-
drocytes implantation (ACI); 84% of patients have good or 
excellent results after 7.5 years of mean follow-up. Biopsies 
have shown hyaline cartilage in only 50% of cases. In the 
literature, they are only six serious articles in level 1 or 2. For 
them, there is no significant difference between the results 
after osteochondral graft or ACI, except for Horas in 2003 
[15] who found best functional results after ACI. Many 
actual studies are oriented on the results of the matrix which 
contain chondrocytes, with excellent results but with no suf-
ficient follow-up and cohort for instance (third phases). This 
kind of procedure is expensive, but less expensive and easier 
than total arthroplasty.

Fig. 12 Osteochondritis dissecans of femoral condyle with a fixation 
“plus” (screw and mosaicplasty) according P. Beaufils
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On the ankle, recently, in 2005, an expert consensus on the 
treatment of OD was achieved during the World Consensus 
Conference of the International Society of Arthroscopy, Knee 
surgery and Orthopaedic Sports medicine and International 
Federation of Sports Medicine (ISAKOS – FIMS). Van Djick 
and the expert group agreed that debridement and bone mar-
row stimulation are the first steps in the treatment of most 
symptomatic OD and presented a useful guideline. For failed 
primary treatment they recommended to consider OATS. 
Two important papers on the treatment of the talar defect 
have also made a review of different procedure and their 
results [14, 23, 25].

The results on ACI for osteochondral defect of the talus 
are not reliable according to the insufficient number of cases 
and follow-up, even if the short-term data suggest that ACI 
can provide good results [25].

Conclusions

The indications of surgical treatment of osteochondral defect 
with a mosaicplasty procedure are limited [6]. The first mes-
sage is to avoid this kind of treatment for superficial lesion, 
non-symptomatic lesion, and osteoarthritis’ lesion. This sur-
gical technique is a demanding procedure. The follow-up is 
now sufficient to appreciate the stability of results in time, 
the low morbidity on the donor site, but not sufficient to eval-
uate the action that decreases the risk of osteoarthrosis. The 
usual results after this procedure are more than 85% A or B, 
with a low cost.
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Arthroscopic Autologous Chondrocyte 
Implantation for the Treatment of Chondral 
Defect in the Knee and Ankle

Antonio Gigante, Davide Enea, Stefano Cecconi, and Francesco Greco 

The Knee

Introduction

Different options are available for the treatment of chondral or 
osteochondral lesions of the knee: microfractures (MFX) [66], 
subchondral drilling [9], abrasion arthroplasty [35], periosteal 
grafting [9], and osteochondral autograft transplantation (OAT) 
[29] have been extensively described with different results. 
Arthroscopic autologous osteochondral grafting has also been 
described [14, 15, 41] and it is today a well-established tech-
nique. However, since the defects most often found in the knee 
are chondral, rather than osteochondral, there is concern 
regarding the implant of an osteochondral substitute that has to 
be implanted reaming healthy subchondral bone.

Among the therapeutic options currently available, cell 
therapy systems can also be considered consolidated proce-
dures. Autologous Chondrocytes Implantation (ACI) was 
first proposed by Brittberg in 1994 [10] as a method to treat 
chondral defects in the knee. The original technique involved 
healthy cartilage harvest from a non-weight-bearing zone in 
the knee, culture and expansion of the chondrocytes, and 
their reinjection into the defect underneath a periosteal patch 
securely sutured at the border of the lesion so as to be water-
tight. The ACI technique has now been in use for more than 
10 years and has been widely adopted for the treatment of 
chondral lesions. Long-term follow-up studies report high 
percentages of good and excellent results [54]. ACI has sev-
eral theoretical advantages over other cartilage repair tech-
niques such as the osteochondral transplantation. Among 
these is the possibility of treating large defects with reduced 
donor site morbidity [54]. However, two recent randomized 
controlled trials did not find the standard ACI technique to be 
superior to mosaicplasty [8, 31]. ACI has also been recently 
compared with microfractures (MFX) in a randomized con-
trolled trial [36]. The authors found similar results for the 
two techniques at follow-up after 5 years. These results are 
not surprising and can be explained considering that the orig-
inal ACI technique (also called first generation technique) 
has a number of practical problems.
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The need for the periosteum harvest extends the operative 
time and the donor site morbidity due to the larger incision 
and the trauma of the harvest itself. The need for a watertight 
suture to keep the cultivated chondrocytes inside the defect 
further extends the operative time. Moreover, the destiny of 
the fluid containing the chondrocytes in suspension has not 
been well clarified, and there is some concern that once the 
joint has been closed, the pressure of the articular surface 
opposite the implant could lead to the compression of the 
periosteum and the consequent leaking of the chondrocytes 
inside the joint. Moreover, the periosteal flap itself can be a 
cause of complication as reported by different authors. 
Periosteum hypertrophy was reported to occur in 10–25% of 
the first generation ACI surgical procedures, and often 
requires revision surgery [6, 26, 44, 55, 61]. Another fre-
quent occurrence is the incomplete bonding of the periosteal 
graft with the surrounding tissue and the consequent delami-
nation of the patch [43, 48, 61]. Some authors reported a 
reoperation rate as high as 42% [43], mainly due to joint 
stiffness.

Some of the latter problems have first been avoided adopt-
ing a synthetic collagen membrane instead of the periosteum 
patch. With this technique (ACI-C) the problem of the water-
tight suture and the possible leaking still persisted. However, 
a randomized controlled trial comparing traditional ACI with 
ACI-C demonstrated comparable results, but a statistically 
higher rate of reoperation caused by periosteal hypertrophy 
in the first group [26].

To overcome these inconveniences, a second generation 
ACI technique was developed. With this technique, the har-
vested chondrocytes are cultivated, expanded, and then 
seeded directly onto a biocompatible and biodegradable syn-
thetic membrane. Several different commercial products are 
now on sale. They are made of collagen I and III (MACI® 
Genzyme Biosurgery, Denmark) [23], hyaluronic acid 
(Hyalograft® Fidia, Italy) [1, 11, 12, 27, 28, 64, 65], or syn-
thetic fibers (Bioseed C® Biotissue, Germany) [51, 63]. This 
technique does not require the periosteum harvest and avoids 
the consequent donor site morbidity. Moreover, it does not 
require a watertight suture, because the cells are directly 
attached to the membrane. The membrane can therefore be 
fixed with normal sutures, with fibrin glue, or can also be 
settled by press fit. This avoids problems such as periosteum 
hypertrophy and delamination. However, despite having so 
many practical advantages over the original technique, the 
clinical outcomes are little different. A randomized con-
trolled trial demonstrated that traditional ACI and MACI had 
the same outcome after 1 year follow-up [6]. Another ran-
domized controlled trial found that second generation ACI 
(using chondrocytes seeded in fibrin glue) was superior to 
the chondroabrasion technique [68].

Although the second generation ACI overcomes many of 
the problems of the original technique, concerns still persist 

about the large surgical exposure required and its possible 
complications. Joint stiffness and reduced functionality are 
still sometimes observed with the second generation tech-
nique. Their occurrence is thought to be multifactorial and 
the surgical exposure, along with the long rehabilitation pro-
tocol may have a major role [16].

So far, the ACI technique and its developments have failed 
to demonstrate better results than MFX in treating chondral 
defect of the knee. To some extent this is not surprising, 
because an open surgical procedure with different degrees of 
exposure is being compared with a quick arthroscopic tech-
nique [36]. There is the risk that the better healing potential 
of the ACI technique can be hidden by the complications 
derived by the different surgical approaches.

The arthroscopic ACI technique has been developed with 
the aim to reduce the morbidity of the open technique, to 
compete more closely with the other arthroscopic options of 
treatment. It was first described by Marcacci and coworkers 
in 2002 [42].

Historical Background

Marcacci and coworkers first described arthroscopic ACI [42]. 
The procedure was performed with specifically designed 
instruments on 16 cases. Their technique adopts a delivery 
system which allows at the same time to precisely debride 
the defect, to cut the scaffold, and to deliver it precisely onto 
the defect site, so that only a press-fit fixation is used. For 
large defect, scaffolds can be overlapped. Since this delivery 
system has a guide to be inserted perpendicularly into the 
subchondral bone, this technique is suitable only for condy-
lar defects.

Erggelet and colleagues described their experience with 
the transosseous anchoring of the scaffold during arthroscopic 
ACI [17]. The anchoring is performed with appropriate guide 
instruments inside-out for femoral lesions and outside-in for 
tibial defects. The defect has to be debrided so as to assume 
a rectangular shape, and the scaffold has to be sutured at the 
four corners. This approach has the advantage that tibial 
defects can be addressed.

Ronga and coworkers repaired a cartilage defect located 
in the posterior part of the lateral tibial plateau with the 
arthroscopic ACI technique [57]. In this case, no specifically 
designed instruments were used. Ronga described for the 
first time the arthroscopic implant of ACI on a collagen 
membrane (MACI®) using fibrin glue for fixation as in the 
open traditional technique.

Marcacci and coworkers performed on 141 patients an 
arthroscopic second generation ACI with a biodegradable 
hyaluronian-based membrane (Hyalograft C®) without the 
use of fibrin glue [40]. Patients were evaluated prospectively 
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at a minimum follow up of 3 years. The aim of the study was 
to analyze the data in order to achieve indication criteria for 
this type of arthroscopic treatment. Only patients with con-
dylar or trochlear defects were included. Patients with patel-
lar and bipolar lesions were excluded. All the patients 
underwent a strict rehabilitation protocol and the evaluation 
was performed with International Knee Documentation 
Committee (IKDC) objective and subjective scores. No 
problem was reported with the scaffold overlapping. The 
authors found a statistically significant improvement in all 
the evaluated scores at 24 months and the outcomes also 
remained stable at 36 and 48 month follow-up. Statistical 
analysis showed better results in younger and well-trained 
patients. This data were also confirmed when the authors 
analyzed separately patients with isolated chondral lesions 
without any associated surgical procedure. Patients with 
degenerative lesions have shown less objective improvement 
according with the IKDC score. Associated surgeries, previ-
ous surgeries, removal of the meniscus in the compartment 
of the defect, defect localization, and size of the lesion did 
not significantly influence the results. Second look 
arthroscopic evaluation was performed on 15 patients show-
ing good results in 13 cases. The authors conclude that 
arthroscopic ACI technique yields comparable results to the 
standard ACI technique while avoiding the morbidity due to 
large surgical exposure.

Franceschi and colleagues also described the possibility 
to treat medial tibial plateau cartilage lesions with arthroscopic 
ACI [20]. In their report the authors associated the ACI with 
a high tibial osteotomy (HTO) to unload the damaged 
compartment.

Petersen and colleagues proposed a new type of fixation 
suitable for any arthroscopic ACI procedure. This technique 
uses a reabsorbable pin, which was initially designed to fix 
osteochondral fragments [53]. This technique consists of 
debriding the lesion, inserting the scaffold, and fixing it with 
at least two pins at the two opposite extremes of the defect. 
These pins are driven into the site by an arthroscopically 
inserted guide. The authors believe that improving the 
strength of the fixation can improve the early postoperative 
rehabilitation period, reducing the possibility of graft delam-
ination that has been reported [34]. A disadvantage of this 
procedure is that the guide cannot be used to address defects 
in the tibial plateau.

Ferruzzi and colleagues compared the outcomes of open 
(first generation) and arthroscopic ACI techniques at a mini-
mum follow-up of 5 years [19]. Objective, subjective, and 
functional IKDC scores were evaluated. Both techniques 
were statistically demonstrated to improve the patients’ out-
comes at the latest follow-up, with respect to the preopera-
tive scores. In the three scores evaluated, there was no 
statistical difference between the outcomes of the two tech-
niques at 5 years of follow-up. However, arthroscopic ACI 

yielded to a statistically faster subjective, objective, and 
functional recovery. Complications and reoperation rate were 
shown to be significantly lower in the arthroscopic ACI 
group. MRI findings were almost comparable for the two 
techniques, and also the histological findings revealed 
 hyaline-like cartilage in most of the samples.

Kon and coworkers analyzed, in a nonrandomized pro-
spective study with 5 years follow up, the outcomes of 
arthroscopic ACI versus microfractures [37]. The authors 
found that both techniques were capable of significantly 
improving the final outcomes with respect to the scores 
obtained preoperatively. However, a significantly greater 
improvement in the IKDC subjective and objective evalua-
tion was found in the arthroscopic ACI technique group with 
respect to the MFX group. Both groups had the same rate of 
return to sports at 2 years, but the MFX group had a decline 
in the sport participation from 2 to 5 years, whereas the par-
ticipation of the ACI group maintained constant over the 
same period.

Here we describe for the first time the technique of the 
implantation of autologous chondrocytes seeded on collagen 
type I and III membrane (MACI®) fixed by fibrin glue by an 
all-arthroscopic technique for the treatment of chondral 
lesions of the femoral condyle.

Surgical Technique

1. Arthroscopic portals. Standard anteromedial or anterolat-
eral portal. It can be useful to add a superomedial portal 
for the water intake

2. Debridement of the lesion. Debridement with curettes 
(Fig. 1) and shaver or arthroscopic burr (Fig. 2), taking 
care to round off the lesion borders and not to go too deep 
into the subchondral bone. A neat shoulder of the lesion 
should be created in order to allow the membrane to settle 
in properly. Difficulties can arise in creating the shoulder 
in the part of the lesion more proximal to the instrument 

Fig. 1 Arthroscopy of the knee. Debridement with curettes



714 A. Gigante et al.

portal. This can be overcome by changing the camera 
position, and allowing the shaver to clean up the lesion 
from a different angle

3. Diathermy. Pneumatic tourniquet is mandatory to limit 
the bleeding from the subchondral bone once the debride-
ment has been performed. The original ACI and MACI 
techniques require all the subchondral bleeding to be 
stopped before the implantation. Once the water flow has 
stopped, if bleeding occurs, it is possible to use the dia-
thermy (vaporization electrode) to treat all the little bloody 
spots emerging from the bottom of the debrided lesion 
and to regularize the margins of the lesion (Fig. 3). At the 
same time, care should be taken not to extensively burn 
the bottom of the defect

4. Evaluation of the lesion (Fig. 4). A measuring rod has to 
be introduced into the joint in order to grossly measure 
the defect size

5. Sizing and shaping of the membrane. The measurements 
are then translated on a rubber surface (band for exsan-
guination), which is inserted into the joint and placed into 
the defect as a template. We advise cutting the rubber in 
excess and to mark on the upper surface the anterior- 
posterior axis of the condyle. The piece of rubber should 
be worked out until it fits perfectly into the defect (Fig. 5). 
At this point, it is possible to cut the membrane properly, 
marking the upward surface as for the piece of rubber.

6. Needle, cannula, and aspiration. A spinal needle is drawn 
into the joint from a separate access in order to reach, with 
its tip, the center of the defect. A large cannula (  8 mm) 
is than inserted in the portal closest to the defect (Fig. 6). 
The water flow is stopped and the residual water is aspi-
rated through the needle. The procedure is usually contin-
ued without water, although sometimes the joint visibility 
worsens. If possible it is advisable to use a CO

2
 pump to 

enlarge the joint space and to allow better visibility.
7. Insertion and fitting of the membrane. The membrane is 

folded and an atraumatic forceps is then used to insert it 
through the cannula into the defect. The membrane is laid 

Fig. 2 Arthroscopy of the knee. Debridement with arthroscopic burr

Fig. 3 Arthroscopy of the knee. Diathermy

Fig. 4 Arthroscopy of the knee. Evaluation of the lesion

Fig. 5 Arthroscopy of the knee. Sizing and shaping of the membrane

Fig. 6 Arthroscopy of the knee. Needle, cannula, and aspiration
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flat into the defect (Fig. 7). It can require some effort since 
the membrane is quite thin and sticky. With the help of the 
probe and the needle it is usually possible to spread out 
the membrane with the right orientation into the defect.

8. Injection of the glue. Once a satisfactory positioning is 
reached, the needle is inserted underneath the membrane. 
The fibrin glue dilution should be taken into consideration 
at this point. If the glue is used without a proper dilution 
it will solidify very quickly and after a few seconds it will 
not be possible to move the membrane to make the final 
position adjustments. When the fibrin glue is injected, the 
membrane is usually lifted up, floating on the glue (Fig. 8). 
Therefore, sometimes a minimal repositioning is needed, 
and the probe is used to make the membrane flush with 
the articular plane and to spread the glue leaking from 
underneath after the pressure is applied. To facilitate the 
repositioning we advise to dilute the fibrin glue at a dilu-
tion of 5 IU/ml [25].

9. Final evaluation. At this point, it is mandatory to wait for 
enough time for the glue to solidify, possibly applying 
pressure on the membrane directly by an arthroscopic 
probe (Fig. 9) or with the opposite articular surface (varus 
or valgus stress if operating on the knee). When the mem-
brane is properly settled in place a series of articular 
movements (flexion-extension) is required to check the 
membrane stability.

Postoperative Protocol

In the early stages of the rehabilitation protocol, good pain 
control is mandatory to encourage joint motion preventing 
the development of adhesions and muscle atrophy. Imm-
obilization of the knee joint with a compressive bandage is 
required for 24 h. Isometric quadriceps contractions are 
started after the first postoperative day and continued there-
after. Continuous passive motion (CPM) is started from the 
second day post-op, and daily flexion increases are encour-
aged thereafter. CPM is associated with active and passive 
mobilization of the knee, hip, and ankle. Partial and pro-
gressive weight-bearing with crutches is started at 30 days 
post-op, as well as low resistance cycling. Usually patients 
drop the crutches at 40–45 days post-op. Between 30 and 
60 days, patients continue active and passive joint mobili-
zation to achieve a full range of motion and start progres-
sive muscular reinforcement exercises and open chain 
exercises. Non-weight-bearing activities such as swim-
ming are encouraged from the fourth month. Noncontact 
sport activities such as light jogging, are allowed from 
6 months whilst contact sports are allowed only after 
12 months.

Conclusions

The arthroscopic technique for the implantation of autolo-
gous chondrocytes eliminates a substantial amount of the 
side effects known to occur after open ACI procedures. 
We believe that the second generation arthroscopic ACI 
has the potential to regenerate a hyaline-like tissue yield-
ing to good long-term clinical results. Nevertheless, the 
technique is rather expensive and the cost-effectiveness 
is still to be assessed. Randomized controlled trials are 
therefore needed to prove the effective superiority of this 
therapeutic option over more affordable and one-step 
procedures.

Fig. 7 Arthroscopy of the knee. Insertion and fitting of the membrane

Fig. 8 Arthroscopy of the knee. Injection of the glue

Fig. 9 Arthroscopy of the knee. Final evaluation
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The Ankle

Introduction

The chondral and osteochondral lesions of the ankle 
have always been challenging for the orthopedic surgeon 
[47, 60, 62]. In the chondral defects of the ankle joint, the 
peculiar anatomic position often necessitates invasive, time- 
consuming and aggressive surgery and sometimes the lesions 
are located in joint areas that can only be reached with diffi-
culty through open-ceiling approaches.

The main difference between this joint and the knee in 
terms of surgical approach is that in the ankle, the open 
approach is almost invariably accompanied by the malleolar 
osteotomy, which is a cause of high morbidity and slow recov-
ery for the patient. Moreover, many chondral or osteochon-
dral lesions of the talar dome, most often medial-posterior 
defects, are difficult to expose even after the malleolar osteot-
omy [56]. Having said that, we think that the shift from an 
open to an arthroscopic approach could yield to greater 
improvements in the ankle than in the knee.

Different options are available for the treatment of chon-
dral or osteochondral lesions of the ankle.

Debridement, curettage, subchondral drilling, and 
microf racturing have shown to have both satisfactory [4, 18, 
24, 67] and negative results [3, 30, 32, 33, 49]. Repeated 
debridement has been found to be successful by different 
authors [50, 59] and it is thought to have peculiar indica-
tions [46], although also unfavorable results have been 
reported [56].

Good results have been reported with osteochondral trans-
plantation (OAT) [2, 5, 39, 58] although different kinds of 
complications and knee donor site morbidity have been often 
reported [29]. Moreover, the surgical procedure is techni-
cally demanding and concern has risen about the gap left 
between the cylindrical plugs. Kreuz and colleagues [39] 
demonstrated that OAT are effective in the treatment of talar 
lesions after failed arthroscopic procedures, but highlighted 
that the results were influenced by the presence and type of 
osteotomy performed (without osteotomy, tibial osteotomy, 
malleolar osteotomy).

Among these different techniques, the ACI is the more 
recent [7, 13, 21, 38, 52, 69]. This technique has shown to 
yield to more than satisfactory results both with the first and 
with the second generation implants, although it has to be 
said that all the reports had quite small number of patients 
[7, 13, 21, 38, 52, 69]. All these procedures were performed 
as open surgeries, and malleolar osteotomy was almost 
always performed. To overcome this inconvenience, ACI was 
also proposed as a totally arthroscopic treatment. Giannini 
and colleagues first described their experience of arthroscopic 
ACI in 46 patients [22]. To date, this is the only report in the 

literature of such a technique. The authors developed 
a specifically designed set of instruments derived from their 
experience in the knee, in order to precisely deliver the scaf-
fold into the lesion site. The scaffold was fixed with press fit 
positioning. The authors demonstrated a significant improve-
ment in the AOFAS score between the preoperative level and 
that at 36 months post-op. Interestingly, they found that the 
final outcome was statistically influenced in a negative fash-
ion by increase in age and by previous interventions for car-
tilage repair [45].

In spite of the good results described by some authors, it 
is evident that invasive procedures are accompanied by a sig-
nificant local morbidity and often require prolonged rehabili-
tation periods which can sometimes offset the positive effects 
of the chondral lesion repair itself. These are the main rea-
sons why we developed a surgical procedure that has permit-
ted us to implant a collagenic scaffold-based ACI system 
(MACI®, Verigen) through the usual ankle arthroscopic por-
tals. The arthroscopic MACI® implantation is possible since 
the structural properties of the collagen I-III membrane 
enable its safe manipulation with common surgical instru-
ments, and remain unchanged even after repeated exposure 
to the perfusion fluids utilized during the arthroscopic 
surgery.

When we developed the technique, our main aim was 
focused on the following key points:

Use of a single patch for repairing the chondral defect, 
regardless of its actual size and conformation.
Applicability of the procedure independently of the actual 
defect location within the joint.
Transfer to the arthroscopic procedure of all the crucial 
steps usually followed in the traditional open-ceiling 
approach of the MACI® implantation.

So far, our experience is based on a total of eight consecutive 
patients (three males and five females, mean age of 31 years) 
affected by III–IV Outerbridge degree defects of the talar 
dome. The mean defect size of the eight treated lesions was 
2.3 cm2. The inclusion criteria were: well-aligned and stable 
joints, absence of articular arthritic degeneration, and obe-
sity and absence of immunologic, infective, or neoplastic 
diseases contraindicating an ACI procedure as per the exist-
ing guidelines.

All the patients presented with a functional state of the 
affected joint significantly impaired, and were at first sub-
jected to an ankle arthroscopy for the clinical evaluation of 
the lesion. At this time a cartilage sample for chondrocyte 
in vitro expansion was collected from a healthy and well-
preserved non-weight-bearing area of the affected joint. 
After a mean time of 38 days (min 27, max 52) the patients 
underwent a second arthroscopic procedure which was per-
formed through the usual anterolateral and anteromedial 
ankle portals.
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Surgical Technique

The surgical steps were similar to the MACI in the knee 
(see above) and they included:

1. Arthroscopic portals: standard anteromedial or anterolat-
eral portal

2. Debridement of the lesion with curettes (Fig. 10) and 
shaver or arthroscopic burr (Fig. 11), taking care to round 
off the lesion borders and not to go too deep into the sub-
chondral bone. A neat shoulder of the lesion should be 
created.

3. Diathermy and pneumatic tourniquet is mandatory 
(Fig. 12).

4. Evaluation of the lesion (Fig. 13).
5. Sizing and shaping of the membrane with a rubber surface 

as template (Fig. 14).
6. Needle, cannula, and aspiration. A spinal needle is drawn 

into the joint from a separate access and a large cannula 
(ø 5.5 mm) is then inserted in the portal closest to the 
defect (Fig. 15), permitting the aspiration of the water.

7. Insertion (Fig. 16) and fitting of the membrane with the 
help of the probe and the needle.

8. Injection of the glue at a proper dilution (Fig. 17).
9. Final evaluation (Fig. 18). When the membrane is properly 

settled in place a series of articular movements (flexion-
extension) is required to check the membrane stability.

Fig. 10 Arthroscopy of the ankle. Debridement with curettes

Fig. 11 Arthroscopy of the ankle. Debridement with arthroscopic burr

Fig. 12 Arthroscopy of the ankle. Diathermy

Fig. 13 Arthroscopy of the ankle. Evaluation of the lesion

Fig. 14 Arthroscopy of the ankle. Sizing and shaping of the 
membrane

Fig. 15 Arthroscopy of the ankle. Needle, cannula and aspiration
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Postoperative Protocol

The postoperative protocol follows the general rules as for 
the knee: pain control, early motion, prevention of adhesions 
and muscle atrophy, progressive weight-bearing, and muscle 
strengthening. All the patients were allowed to start with 
careful passive flex-extension movements from the second 
postoperative day, followed by active and passive physio-
therapy from the seventh day, to be continued until a normal 

range of motion was restored. Weight-bearing was prohib-
ited for 30 days, and then started progressively. Non-weight-
bearing activities such as swimming were encouraged from 
the fourth month. Noncontact sport activities such as light 
jogging, were allowed from 6 months whilst contact sports 
were allowed only after 12 months.

Our Results

So far, no adverse events have been recorded throughout 
the mean 18 months of follow-up. In all the cases, RMN 
assessments at 6 and 12 months post-op showed filling of 
the defects with tissue that was comparable for signal with 
the surrounding healthy articular cartilage. From a clinical 
viewpoint, all the patients showed subjective (pain and 
function) and objective (function) improvement of the 
treated joint. The limited number of patients in our series 
and the short follow-up period do not permit any statistical 
evaluation of the results, nor to draw any definitive consid-
erations on their validity. However, the marked clinical 
improvement, and the promising radiological picture do 
suggest that arthroscopic MACI is an effective approach for 
the treatment of large cartilage defects of the talar dome. 
The arthroscopic technique allows an optimal visual con-
trol of the joint area to be treated, and the repair of the 
defect without an aggressive arthrotomic approach (includ-
ing the routine malleolar osteotomy), thus reducing overall 
surgical morbidity and making the rehabilitative process 
easier and quicker when compared with the open-ceiling 
techniques.

Conclusions

Only one published report describes the surgical technique 
and the clinical outcomes of the arthroscopic ACI in the 
ankle joint. Our experience so far is encouraging.

The arthroscopic approach offers us the great opportunity 
to perform a fair comparison between the ACI and the more 
traditional arthroscopic techniques, such as debridement and 
microfractures. It will allow us to address the real repair 
potential and the precise indication of each single technique, 
without having to take into account different degrees of joint 
exposure and their possible consequences in terms of speed 
and level of functional recovery.

Randomized controlled trials are needed to establish the 
effectiveness of this procedure, and to compare it against the 
other traditional, and much cheaper, surgical options.

Fig. 16 Arthroscopy of the ankle. Insertion and fitting of the 
membrane

Fig. 17 Arthroscopy of the ankle. Injection of the glue

Fig. 18 Arthroscopy of the ankle. Final evaluation
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Second-Generation Autologous Chondrocyte 
Implantation: What to Expect…

Johan Vanlauwe and ElizaVeta Kon 

Introduction

Articular cartilage repair has gained huge interest in the 
recent years with the advent of autologous chondrocyte 
implantation (ACI). ACI has become an established tech-
nique in the repair of cartilage since it was first described in 
1994 by Brittberg and Peterson in the New England Journal 
of Medicine [13]. Since then numerous reports have been 
published in literature on structural repair and clinical out-
comes of this technique [17, 66].

The first line procedure at this moment still is Microfracture, 
which is an easy and low cost arthroscopic procedure [74, 75]. 
Microfracture is also the standard comparator for ACI in 
comparative clinical trials published so far. The main concern 
with microfracture is the production of mainly fibrocartilage 
tissue and the gradual moving up of the bone front after sev-
eral years [16, 44, 54].

The ultimate goal of cartilage repair is the restoration of the 
structural and biomechanical integrity of the articular surface 
coupled to a good long-term clinical outcome and prevention 
of osteoarthritis in the future [67]. Ideally, regeneration means 
the absence of fibrous tissue in the repair zone. To achieve this, 
we need to use chondrocytes that are able to produce stable 
cartilage in this repair zone with good basal and lateral inte-
gration. The main constituents of this tissue are collagen type 
II and highly sulfated proteoglycans. The absence of blood 
vessel invasion, mineralization, and replacement by bone are 
of utmost importance to obtain stable cartilage formation. To 
prevent deterioration and break down of the repair tissue, a 
stable tidemark needs to be restored. Articular cartilage can 
withstand significant amount of stress protecting the subchon-
dral bone but once a lesion occurs, there is no tendency to heal, 
as Hunter already pointed out in 1743 [18].

A lot of new developments have taken place since ACI was 
developed in the 1980s. In the 1990s people started manipu-
lating stem cells from different sources. In 2000, arthroscopic 
ACI was developed in Italy and Germany with the use of scaf-
folds, which were further developed in the beginning of this 
bone and joint decade. Since then several new “generations” 
of ACI have been developed. Second generation is the 
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combination of optimized scaffolds with chondrocytes and 
optimized chondrocyte populations. In the third generation, 
other types of cells are combined with these scaffolds and in 
the fourth generation growth factors are added.

First-Generation ACI: Encountered Problems

ACI is a two-step procedure. During the first arthroscopic 
step, a cartilage biopsy is harvested from a lesser weight-
bearing part of the affected knee joint. This cartilage biopsy 
is then sent to a dedicated laboratory to isolate the cells and 
expand them to several million cells. One of the disadvan-
tages of cell expansion in a monolayer culture is the so-called 
“dedifferentiation” of the cells where they lose their pheno-
typic traits and the capacity to form stable cartilage in vivo 
[85]. Cell expansion usually takes several weeks.

Once the cell culture is finished and an adequate number 
of viable cells is obtained, they are implanted during the sec-
ond step of the implantation procedure. This is an open joint 
surgery, which is much more demanding than the first step. 
During this second step, the cartilage lesion is debrided back 
to stable borders, usually increasing the size of the cartilage 
lesion itself. The bottom of the defect is debrided down to the 
calcified layer, if there is one. If the base of the defect is scle-
rotic, the sclerosis has to be removed without bleeding of the 
subchondral bone. Ideally, the defect borders are surrounded 
by healthy cartilage, but this is not always the case. When the 
lesion is cleaned out and the borders are stabilized, it has to 
be covered by a periosteal membrane to create what Brittberg 
called “the bioactive chamber” [13, 15]. Harvesting of the 
periosteal membrane is another difficult part of the implanta-
tion; usually the flap is taken from the proximal medial tibia 
just below the pes anserinus. If the defect is larger or the per-
son is older, it is oftentimes not easy to take an adequate flap 
because the periosteum becomes thinner more distally on the 
tibia and with age. It is of utmost importance in prevention 
of  later hypertrophy, to remove all of the subutaneous tissues 
covering the periosteum. Suturing the periosteum over the 
defect to create this “bioactive chamber” is another difficult 
part of the surgery because it has to be watertight to keep the 
cells in place; usually it takes a suture every 3–4 mm with 
Vicryl 6/0. Once the defect is covered with the periosteum, 
the cells are injected in the created cavity, taking care not 
to create too much pressure on injection. When this is fin-
ished, the joint can be closed in layers after good hemostasis 
without leaving a drain within the joint cavity. Homogeneous 
distribution of cells could be a problem is this technique as 
the cell suspension is subject to the laws of gravity, which 
dependent on the position of the limb could alter the posi-
tion and hence concentration of cells in different parts of the 
“bioactive chamber” [30].

One of the major problems is the development of periosteal 
hypertrophy within the first year after the procedure which 
can cause clinical symptoms such as clicking, grinding, or 
even locking of the joint, requiring a second-look arthros-
copy in almost 25% of the cases [17, 53, 66]. Several reports 
in literature looking at biopsies from the repair tissue describe 
mostly fibrocartilage, with variable amounts of hyaline carti-
lage. Several papers point to the relations between the qual-
ity of the repair tissue and the clinical outcome but this has 
not been confirmed yet [67]. Knutsen, in a well-conducted 
randomized controlled trial (RCT) comparing ACI with 
Microfracture, was not able to find this relation. Looking at 
his 5 year results though, none of the patients with failure 
showed best quality cartilage suggesting that better quality 
cartilage might lead to less treatment failures [41, 42].

Second-Generation ACI: Potential 
Advantages

Although there is still a need for a two-step procedure, the 
so-called “second generation” ACI might have some distinct 
advantages over the “classical” ACI.

First of all, culturing the cells in 3D conditions seems to 
favor the maintenance of phenotypic stability of the chon-
drocytes [12, 85]. Essentially, chondrocytes are cultured in a 
matrix that is biocompatible and functions as growth and 
delivery scaffold for implantation. Due to the fact that sutur-
ing becomes obsolete, the surgery becomes easier and can be 
performed through a mini-open or even arthroscopic proce-
dure [24, 28, 47, 69]. It is known that these procedures 
encounter fewer complications such as arthrofibrosis and the 
risk for infection. At this moment, several matrices are in use 
in a clinical setting, but it is unclear which is the ideal matrix 
at this time, and as the matrices have only been in use since 
the end of the 1990s, it is not clear whether the results are 
better than the first-generation ACI technique because of the 
lack of long-term results. The medium- and short-term results 
of the first and second generations seem to be comparable.

The scaffolds used for second-generation ACI tech-
niques should have some very distinct properties. They 
should be biocompatible which means they are not allowed 
to elicit any inflammatory responses or cytotoxic effects 
either in the short term or through the process of their deg-
radation in the joint. The biodegradability, which is another 
feature of an ideal scaffold, has to be controlled in time to 
allow the chondrocytes to build up matrix and gradually 
take over the strength of the regenerated tissue. To obtain 
good extracellular matrix synthesis, the scaffold has to be 
bioactive and promote maintenance of chondrocyte pheno-
type and proliferation within its structure. Permeability is 
of utmost importance for nutrition. The scaffolds used for 
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ACI have to be readily available and easy to use in a pro-
duction and clinical setting.

Scaffolds can either be natural or synthetic. Agarose, gel-
atin, collagen, hyaluronic acid, alginate, and fibrin glue are 
natural scaffolds with excellent biocompatibility due to natu-
ral degradation products. The most used in Europe are the 
hyaluronic acid and the collagen scaffolds, in the USA no 
scaffolds are yet approved by the FDA for cartilage repair. 
Synthetic scaffolds are easier to produce and mechanical 
properties and degradation can be modified. Commonly used 
are polylactic acid (PLA) and polyglycolic acid (PGA) and 
combinations of these. The only concern with these synthetic 
scaffolds is that degradation products can harm the surround-
ing tissues and the implanted cells.

Second-Generation Products in Clinical Use

MACI®

Matrix Associated Chondrocyte Implantation (MACI®) was 
first introduced into the European and Australian market by 
Verigen (Verigen Transplantation Service, Leverkusen, 
Germany) in 1998 [10]. Instead of a periosteal flap, a colla-
gen type I/III is used to cover the defect and cells are not 
injected underneath it but are seeded on the rough side of this 
substrate after a culture period of 4 weeks. The loaded mem-
brane is then cultured with autologous serum for another 
3 days before implantation. Several types of collagen mem-
branes exist in the market such as Chondro-Gide (Geistlich 
Biomaterials, Wolhüsen, Switserland) and Maix (Matricel, 
Hezönrath, Germany). These membranes are bilayer mem-
branes with a smooth side, which is mechanically stronger 
and acts as a barrier, the inner side is rougher and more 
porous and incorporates the cells and stimulates them to pro-
duce cartilage-matrix specific molecules. This membrane 
has already been extensively tested in vitro and in animal 
models with success [22, 23, 25, 27, 39, 55–57].

The procedure itself is still in two steps. During a first 
arthroscopy, cells are harvested from a lesser weightbearing 
zone in the knee. After the culture and seeding of the chon-
drocytes as described above, the loaded membrane is 
implanted into the knee via a mini-open approach. After deb-
ridement of the lesion down to but not through the subchon-
dral bone, the lesion size is measured and the matrix is cut 
into the exact size and fitted into the defect using fibrin glue 
in the base. If necessary, sutures can be added to improve the 
stability of the implant if mobilization shows inadequate sta-
bility. The surgical technique is generally much simpler then 
the classical ACI and suture-free. Early mobilization is struc-
tured and rehabilitation is routine. Since the first report by 
Behrens et al., more than 3,000 patients have already been 

treated [86]. Published results in smaller series show net 
improvements in each of the different scoring systems used 
at a short- to mid-term follow-up.

Hyalograft C®

Hyalograft C® is a scaffold based on a benzylic ester of 
hyaluronic acid (HYAFF® 11, Fidia Advanced Biopolymers, 
Padova, Italy) and consists of a fleece of 20 m fibers with 
variable pore size. It was introduced into the market in sev-
eral European countries in 1999 for the treatment of full 
thickness cartilage lesions. Hyaluronan is an ideal molecule 
for tissue engineering since it is very important for cartilage 
homeostasis [20].

The procedure consists of a two steps procedure. During 
the first step a biopsy of 150–200 mg of cartilage is harvested 
from a lesser weightbearing zone in the knee. Usually, this is 
the superomedial trochlea or the intercondylar notch. The 
biopsy is then sent to the processing center were cells are iso-
lated and cultured in a serum-free medium. The cells are cul-
tured in a monolayer culture for 6 weeks and then seeded onto 
the scaffold for 2 weeks, on which the cells are able to re-
differentiate and retain their chondrocytic phenotype [4, 19, 
72, 73]. The cell-scaffold construct Hyalograft C® has also 
successfully been implanted in a rabbit model [33]. Hyalograft 
C® is very sticky and can directly be press fitted into a lesion 
avoiding suturing into the surrounding cartilage and obviating 
the need for a cover. Thanks to these features, an arthroscopic 
technique could be developed for implantation into defects on 
the femoral condyles of the knee by the group of Marcacci 
from Bologna, Italy [47]. Unlike osteochondral grafting 
where the amount of plugs and therefore the size of the lesion 
that can be treated are limited due to donorsite morbidity and 
material availability, more extensive lesions can be treated 
and the patches can be overlapped to avoid empty spaces 
between implanted circular patches. The second step of the 
procedure is usually performed 6 weeks later and can, as 
already mentioned, be carried out either arthroscopic, in the 
case of femoral condyle lesions, or mini-open, in the case of 
trochlear or patellar lesions. For the arthroscopic implanta-
tion, custom-made circular tools have been developed to cre-
ate shallow osteochondral defects with sharp circular margins 
into which the patches are implanted. Implantation of the 
patches is performed using a delivery device under dry 
arthroscopic circumstances. Stability is tested arthroscopi-
cally by flexing and extending the joint several times. 
Trochlear and patellar lesions are approached openly, lesions 
are debrided back to stable borders, measured and templated. 
The template is then used to prepare the graft that is implanted 
through press fitting in to the lesion. In larger lesions, fibrin 
glue can be added to enhance implant stability.
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The results of Hyalograft C® implantation are similar to 
the classical ACI technique. It has several advantages though. 
Firstly, arthroscopic implantation has reduced the morbidity 
associated with the original open procedure, speeding up 
rehabilitation and recovery time. Secondly, hypertrophy has 
so far never been reported. The results even suggest that the 
technique can be used in treating cartilage lesions of highly 
competitive athletes. The arthroscopic technique is also 
applicable to cartilage lesions of the talus.

Bioseed C®

Bioseed C® is a tissue engineered cartilage graft combining 
autologous chondrocytes with a bioresorbable polymer scaf-
fold, made of polyglactin/poly-p-dioxanon, in the form of a 
fleece with a standard size of 2 × 3 cm of 2 × 1 cm, the fleece 
itself resorbes in approximately 6 months. Since it is an 
autologous technique, first an arthroscopic harvest of carti-
lage needs to be done. The biopsy is then transported to a 
Good Manufacturing Practices (GMP) expansion facility 
where the cells are isolated and expanded ex vivo and after-
ward loaded onto a 2 mm thick fleece with the aid of fibrin 
glue for the distribution of the cells in a 3D environment. The 
usual seeding density of the cells is 20 × 106 cells/cm2. 
Preclinical testing in rabbits and horses has shown formation 
of cartilage-like tissue and good integration capacity into the 
surrounding native tissues [8, 65]. Fixation strength has been 
tested in cadaveric knees [24]. Arthroscopic implantation is 
usually reserved for the femoral condyles and when one graft 
suffices to cover the entire defect, otherwise a mini-open 
approach is advisable. Implantation usually happens 3 weeks 
after removal of the biopsy but flexible scheduling is possi-
ble. Preparation of the lesions during the second step is com-
parable to previously described open techniques. The lesion 
is debrided back to stable borders in a rectangular shape. On 
every corner of the graft a transosseous guide wire is drilled 
through the femoral condyle inside-out. The corners of the 
graft are provided with a resorbable suture knotted threefold 
at 1 cm from the graft, which is pulled into the bone with the 
transosseous guide wire, securing the knot in the bone on 
each corner of the graft. The graft itself is introduced into the 
knee rolled up in a cannula. By differentially pulling on 
the four sutures the graft is exactly placed in the lesion and 
the sutures exiting the skin are cut at their exit point close 
to the skin. The fixation ensures secure fixation in the lesion 
even in non-contained lesions as the knot is trapped in the 
trabecular bone in the condyle. Before closure, the knee is 
taken through a cyclic motion to ensure graft stability.

The stability of the fixation allows a safe and shorter reha-
bilitation with early range of motion with CPM, without the 
complications seen in the classical technique.

Bioseed C® has been clinically applied since December 
2001 for the treatment of chondral defects in the knee [20, 
24, 42, 63].

Cares®

CaRes® (ArthroKinetics, Esslingen, Germany) is a 3D colla-
gen type I gel in which autologous chondrocytes are directly 
cultured. Size and thickness of the implant can be chosen 
according to the nature of the defect. As for the other autolo-
gous techniques, a cartilage biopsy is needed for cultivation. 
Cells are isolated and expanded within the collagen gel con-
taining the patient’s own serum. The collagen gel is stable at 
implantation and the culture takes only 2 weeks [32]. 
Transplantation is usually performed through a mini-open 
approach and the gel is fixed to the prepared defect using 
Tissucol® (Baxter Int. Inc.). Below 10 cm2 no additional cover-
age is needed, but above that it is advisable to suture a mem-
brane on top, which is also the case in patellar or tibial lesions. 
Although only small series have been published, clinical results 
look encouraging, also in the patellofemoral joint [5, 6, 52].

Novocart 3D®

Novocart 3D® (TETEC AG Tissue Engineering Technologies, 
Reutlingen, Germany) is a collagen-chondroitin sulfate-
based biphasic scaffold seeded with autologous chondro-
cytes. The biphasic scaffold consists of a denser surface and 
a more porous undersurface that should prevent outgrowth of 
chondrocytes and in growth of synovial cells.

Chondrocytes are harvested during a first arthroscopy tak-
ing two osteochondral cylinders measuring 4 mm in diame-
ter. These are sent to the TETEC cell expansion facility where 
cells are isolated and expanded in a medium supplemented 
with the patient’s own serum. When an adequate cell number 
is reached cells are seeded into the 3D matrix and exactly 
3 weeks later implantation is scheduled through a mini-
arthrotomy. The construct is fixed using a few sutures or 
resorbable mini-pins. The few published results are encour-
aging, the implant is in clinical practice from 2003 [62].

Cartipatch®

Cartipatch® (TBF Génie Tissulaire, Mions, France) is an 
autologous chondrocyte product in a hydrogel composed of 
Agarose and Alginate. This hydrogel is mixed with isolated 
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expanded autologous chondrocytes and can be modulated at 
37° into implants of three different sizes (10, 12, 14 mm 
diameter cones) that solidify at 25°. During the second step 
of the procedure the implants are inserted through a mini-
open approach in a mosaic fashion into the lesion, completely 
covering the defect. Preparation of the defect is done with a 
specific instrumentation. The implants have been tested with 
success in a sheep model of osteochondral defects. They are 
currently in a phase 2 multicenter trial in France, started in 
2002. Histology and clinical results of the first 20 patients at 
3–24 months look encouraging according to a poster pre-
sented at the ORS in 2007. In March 2007, a phase 3 trial was 
started comparing Cartipatch® versus microfracture [71].

Biocart II®

Biocart II® (Prochon biotech Ltd, Rehovot, Israel) is an 
autologous chondrocyte implantation product in a novel 
fibrin-hyaluronic acid-based matrix (Cartimate™) with a 3D 
pore structure allowing an even distribution of cells through-
out the structure. Cell culture is optimized using autologous 
human serum and Fibroblast Growth Factor 2variant 
(FGF-2v). During the first step, a biopsy is harvested from 
the knee; the biopsy is shipped to a dedicated GMP facility 
and processed. Within 2–3 weeks an adequate number of 
cells is reached and checked for their chondrogenic capacity 
and then seeded onto the matrix. During the second step, 
usually a mini-open approach, the defect is prepared to stable 
borders and down to the subchondral bone, the lesion is mea-
sured and templated and the implant is fitted into the defect 
with biological glue. If necessary, multiple layers can be 
used to fill a defect. In vitro work has shown a significantly 
stronger proliferation of cells in the presence of human serum 
and FGF2v in comparison to human serum alone or Fetal 
Bovine Serum (FBS) with or without FGF2v. Before appli-
cation in clinics, it was successfully tested in nude mice and 
goats. The first results, recently published in Clinical 
Orthopedics, are promising [59].

Fibrin Glue

Fibrin is a very attractive natural biomaterial as it is very bio-
compatible and biodegradable. Some clinical trials report on 
the use of autologous chondrocytes cultured in fibrin glue 
(Tissucol® Baxter International Inc.) It can be used for chon-
dral defects in knee and ankle. Other in vivo studies have 
shown though that migration of cells in this material is lim-
ited [14, 82]. Another issue with fibrin glue is mechanical 
stability [82]. It has mainly been used to fix other tissue 

engineering constructs but there is one randomized controlled 
trial reporting on 1 -year clinical results versus abrasion [84].

Collagen Type I Gel

Atelocollagen® is a type I collagen gel. Autologous chondro-
cytes are seeded into this gel and the construct is cultured for 
4 weeks. Extensive in vitro and in vivo research supports the 
hypothesis that chondrocytes cultured in this gel are effective 
in repairing articular cartilage defects in a preclinical but 
also clinical setting [36, 37, 40, 61]. Chondrocytes are more 
evenly distributed and maintain their chondrocyte pheno-
type. The major disadvantage is that the gel still needs to be 
covered by a periosteal membrane, being the main disadvan-
tage of classical ACI.

Clinical Results with  
Second-Generation Products

The majority of the results published have got no control 
group, are case series, or are retrospective. In all reported 
studies, encouraging results have been published even in 
the patellofemoral joint. Different scoring systems are used 
to report clinical results. Comparisons with other second-
generation products or classical ACI are sparse, but in gen-
eral results seem to be equal. There is a net improvement of 
the clinical results compared to baseline, and the same is 
true histologically. The second-generation products gener-
ally show less adverse events related to hypertrophy, arthro-
fibrosis, and delamination of the grafts [60]. Reoperation 
rate is lower than conventional ACI technique, which has 
been reported to be as high as 42%. From the different 
papers, it is clear that results are better in a younger popula-
tion with single lesions of post-traumatic origin [45]. 
Second-generation ACI is not intended for use in general-
ized cartilage degeneration. From the different publications 
one cannot make a scaffold ranking or individualize indica-
tions with one or the other scaffold. It is still not clear 
whether a synthetic or natural scaffold is the best choice for 
cartilage repair. As technology is evolving, scaffolds will 
continue to improve, but there are still unanswered ques-
tions related to the cells such as the dedifferentiation and 
redifferentiation potential of cells cultured in a scaffold 
either after a 2D culture or in an immediate 3D culture. 
How many cells are needed for good cartilage repair? 
Within the different second-generation products a large 
range of cell numbers can be found. Then there is the ques-
tion of characterization of the cultured cells. It has been 
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Second and Third Generation Cartilage 
Transplantation

Alberto Gobbi, Georgios Karnatzikos, and Vivek Mahajan

Introduction

Hyaline cartilage combines a smooth surface and the ability 
to withstand an extreme amount of pressure. But as early as 
1743, Hunter recognized that “articular cartilage lesions 
don’t heal”; the limited intrinsic healing potential of articular 
cartilage is attributed to the presence of few and specialized 
cells with a low mitotic activity [23]. Another property of 
articular cartilage that limits its reparative ability is due to 
the fact that cartilage is avascular. Therefore, once injury 
occurs, surgical intervention maybe necessary to achieve 
repair of the resulting focal chondral defects and it is 
extremely important to reconstruct a perfect surface that will 
withstand heavy loads to obtain a good functional outcome.

Traditional techniques that are palliative or reparative 
treatment options have demonstrated variable results. Lavage 
and chondroplasty can provide symptomatic pain relief with 
no actual hyaline tissue formation; however, these techniques 
remove superficial cartilage layers, which include collagen 
fibers that are responsible for the tensile strength, creating a 
cartilage tissue, which is functionally inferior.

Bone marrow stimulation techniques, such as subchon-
dral plate drilling or microfracture have been reported to 
stimulate production of hyaline-like tissue with variable 
properties and durability compared to normal cartilage but it 
has been observed in many cases that these techniques tend 
to produce fibrocartilaginous tissue which will degenerate 
with time [17, 37, 54].

Microfracture is usually used as a first-line treatment 
because it is an easy technique and does not require special 
instruments or implants; however, recent reports have shown 
that in a group of patients treated with ACI, the worse results 
(failure and reoperation) were seen in patients treated previ-
ously with microfracture when compared with patients 
treated with anterior cruciate ligament (ACI) as first line sur-
gery [34].

Osteochondral autologous transplantation and mosaic-
plasty can restore normal cartilage tissue but application is 
restricted to small defects and there are some concerns 
regarding donor site morbidity [22].
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First Generation Autologous  
Chondrocyte Implantation

First generation autologous chondrocyte implantation (ACI), 
introduced by Peterson has been proven capable of restoring 
hyaline cartilage tissue [2, 35, 49]. Recent studies confirmed 
the durability of this treatment,ww especially at long-term 
follow-up, primarily due to its ability to produce hyaline-
like cartilage that is mechanically and functionally stable 
even in athletes; however, this method requires two surgical 
procedures and creates local morbidity for periosteal harvest 
[25, 27].

At present, the most promising technique seems to be tis-
sue engineering, where cells are combined with scaffolds to 
pre-form a given tissue. Once cultivated on the scaffold, the 
chondrocytes must reacquire and maintain their chondro-
genic phenotype in order to synthesize an extracellular matrix 
containing type II collagen, glycosaminoglycans and proteo-
glycans, all of which are necessary to produce hyaline 
cartilage.

Second Generation Autologous  
Chondrocyte Implantation

The use of a three-dimensional scaffold for autologous chon-
drocyte culture was developed with the aim of improving 
both the biological performance of chondrogenic autologous 
cells as well as making the surgical technique easier by avoid-
ing the use of the periosteal flap [27, 32, 33, 41]. A scaffold 
that is properly sized can be positioned directly into the artic-
ular defect under arthroscopic guidance. This technique 
offers the advantage of enabling the surgeon to avoid an open 
surgery, as there is no need for harvesting a periosteal flap. 
However, some technical limitations prevail, which include 
treating patellar lesions and posterior portions of femoral 
condyles or tibial plateau although it must be emphasized 
that these limits are common to all arthroscopic techniques 
and could partly be resolved with the development of new 
arthroscopic tools.

Hyaluronan (hyaluronic acid, HA) is naturally occurring 
and highly conserved glycosaminoglycans, which is widely 
distributed in the body. It has proven to be an ideal molecule 
for tissue engineering strategies in cartilage repair, given its 
impressive multifunctional activity through its structural and 
biological role.

Three-dimensional nonwoven scaffolds support the in vitro 
growth of highly viable chondrocytes and promote the 
expression of the original chondrogenic phenotype [3, 4]. 
Chondrocytes, previously expanded on plastic and seeded 
into the scaffold, produce a characteristic extracellular matrix 

rich in proteoglycans and express typical markers of hyaline 
cartilage, such as collagen II and aggrecan [19]. When 
implanted in full-thickness defects of the femoral condyles 
in rabbits, chondrocytes regenerated a cartilage-like tissue 
[20, 57].

Indications

The main indications for second-generation cartilage trans-
plantation are symptomatic focal, full thickness cartilage 
lesion (ICRS Grade III–IV) in the absence of significant 
arthritis in physiologically young patients (15–50 years). 
Additional factors to consider include the patient’s motiva-
tion and willingness to comply with the postimplantation 
rehabilitation regimen. Defect size ranging from 2 to 
12 cm2 has been shown to be favorable to regeneration [1]. 
Osteochondritis Dissecans is not a contraindication for car-
tilage transplantation as long as the bone loss does not exceed 
8 mm [50].

Second-Generation Autologous  
Chondrocyte Implantation Technique

Autologous Chondrocyte Implantation can be carried out 
through the conventional arthrotomy approach; however, 
recent advances in scaffold technology have enabled sur-
geons to perform this technique arthroscopically [33, 56]. 
This is a two-step procedure, arthroscopic evaluation and 
biopsy followed by implantation, either using an arthroscopic 
technique or a mini-arthrotomy (Figs. 1–5).

Fig. 1 Preparation of lesion with curette
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Postoperative Rehabilitation

A standardized postoperative rehabilitation protocol is 
adopted, based on current knowledge of the biology of 
graft healing and on functional criteria and goal progres-
sion [21, 44, 51]. The rehabilitation protocol after cartilage 
transplantation includes four stages [5]:

Phase 1: Protection of the implant (0–6 weeks)
Phase 2: Transition and recovery of gait/ADL 
(6–12 weeks)
Phase 3: Maturation and functional recovery/running 
(12–24 weeks)
Phase 4: Turnover and sports recovery (24–52 weeks)

Progression between phases is done according to the achieve-
ment of specific criteria (Table 1) with particular care to 
avoid swelling and pain in the joint.

The safety of the rehabilitation program is assured by a 
goal-oriented protocol that is based on recovery of full range 
of motion, strength, and sport-specific skills without pain, 
swelling, or effusion [5, 38, 51]. These clinical signs, indica-
tive of the delicate balance required to promote cartilage 
healing without overstressing the repair tissue, are consid-
ered together with functional criteria for load progression, 
under the surgeon’s supervision.

Complications and Special Considerations

Adverse events of second-generation ACI are apparently lower 
than first generation as reported by Mandelbaum et al. [30].

The most commonly cited complications of autologous 
chondrocyte implantation are graft hypertrophy and 

Fig. 4 Preparing the 11 mm scaffold with the sharp edge of the delivery 
system for arthroscopic implantation

Fig. 3 Implantation of Hyalograft C in a big patellar defect

Fig. 2 Scaffold sizing and preparation for open implantation

Fig. 5 Arthroscopic implantation in a trochlear cartilage defect
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arthrofibrosis [1, 27, 31, 35, 49]. Graft hypertrophy has 
been noted to occur between 3 and 9 months postopera-
tively. Hypertrophy is thought to result from abrasion of the 
periosteal patch, which overhangs from the margin of the 
defect. This problem is easily addressed with arthroscopic 
shaving and debridement of hypertrophic fibrous tissues. 
On the other hand, arthrofibrosis is a  complication that is 
more likely to be encountered when treating patellofemoral 
lesions, and therefore, early range-of-motion exercises are 
emphasized when doing physiotherapy to avoid this prob-
lem. However, once arthrofibrosis sets in, manipulation 
under anesthesia can be done to address the problem fol-
lowed by arthroscopic debridement of fibrous tissue.

Results

Several reports from controlled trials in patients operated 
with the use of these HA scaffolds have been presented [14– 
16, 27, 32, 33, 41]. However, the largest collection of data 

using the HA scaffold in clinical practice is represented by a 
multicenter observational study conducted in Italian 
Orthopaedic Centers since 2001 [14–16, 33].

In a prospective nonrandomized study [16] on patell-
ofemoral lesions treated with secondgeneration ACI, we 
analyzed a group of 32/38 patients with 5-year follow-up 
using IKDC subjective and objective scores, EuroQoL pain 
scale and Tegner. We noted a statistically significant improve-
ment (P <0.0005) at 2 and 5 years of follow-up. Objective 
preoperative data improved from 8 of 34 (23.52%) normal or 
nearly normal knees to 32 of 34 (94.12%) at 2 years and 31 
of 34 (91.17%) at 5 years after transplantation. Mean subjec-
tive scores improved from 46.09 points preoperatively to 
77.06 points 2 years after implantation and 70.39 at 5 years. 
The Tegner score improved from 2.56 to 4.94 and 4.68, and 
the EQ VAS improved from 56.76 to 81.47 and 78.23 at 
2 and 5 years follow-up, respectively. A significant decline 
of IKDC subjective and Tegner scores was found in patients 
with multiple and patellar lesions from 2 to 5 years follow-
up. Second-look arthroscopies in eight cases revealed the 

Table 1 Criteria of progression in next rehabilitation phase

Functional phases Micro-objectives Criteria of progression

Phase 1: Protection of the implant 
(0–6 weeks)

–  Protection of the implant from axial and 
tangential forces

1.  Full passive extension/flexion of 120° recovery

– Pain and inflammation control 2.  Presence of minimal pain and swelling
– Full extension recovery 3.  Adequate quadriceps recruitment of muscle 

tone and trophysm– Gradual flexion recovery
– Quadriceps’ neuromuscular control recovery

Phase 2: Transition and recovery of 
gait/ADL (6–12 weeks)

– Rehabilitation of normal walking 1.  Complete movement recovery (ROM 0–135°)
– Gradual increase of range of motion 2.  Absence or minimal pain and swelling
–  Gradual increase of the quadriceps and hip 

flexors strength
3.  Absence of complications

–  Gradual increase in functional activity 4.  Appropriate tone-trophysm muscle control and 
proprioceptive (isokinetic knee test approxi-
mately 70% of the contralateral limb)

5.  Normal gait and patterns of daily activities

Phase 3: Maturation and functional 
recovery/running (12–24 weeks)

–  Gradual increase of quadriceps and hip flexors 
muscular strength and endurance

1.  Full range of motion (as the contralateral limb)

–  Gradual increase in functional activity 2.  Lack of functional limitations in daily activities
3.  Good pattern of slow run without pain

–  Adequate neuromuscular control of dynamic 
proprioceptive exercises

4.  Appropriate tone-trophysm muscle control and 
proprioceptive (isokinetic knee test  
approximately 80–90% of contralateral limb – 
functional test single leg hop test approximate 
80–90% of contralateral)

–  Maintain absence of pain and swelling

5.  No pain and swelling

Phase 4: Turnover and sports 
recovery (24–52 weeks)

–  Full recovery of muscle tone – trophysm –
–  Adequate neuromuscular control of dynamic 

proprioceptive exercises
–  Absence of pain and complications
–  Athlete’s general condition recovery
–  Adequate recovery of basic motor patterns  

of sport
–  Gradual recovery of specific sport patterns
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repaired surface to be nearly normal with biopsy samples 
characterized as hyaline-like in appearance.

We also compared second-generation ACI with microf-
racture in another study [17]. Both groups showed statisti-
cally significant improvement of all clinical scores from the 
preoperative interval to 5 years follow-up. When comparing 
the two groups, better improvement of the IKDC objective 
(P <0.0005) and subjective (P = 0.003) scores were observed 
in the group treated with Hyalograft C. Analyzing the 
resumption of sports activity obtained with the Tegner score, 
we observed a return to sports at similar level in both groups 
at 2 years follow-up, which remained stable at the 5 years 
follow-up in the second-generation ACI group, whereas it 
worsened in the microfracture group [27].

Third-Generation ACI.: Cell-Based 
Implantation Techniques

Second-generation ACI represents a modern and viable tech-
nique for cartilage full thickness chondral lesion repair but it 
is still not without problems. Aside from the risk of harvest 
site morbidity and two surgical procedures, the total cost of 
the operation, scaffold, and process of chondrocyte cell cul-
ture is still very high [13].

At present, the most promising technique seems to be rep-
resented by ortho biologics, tissue engineering utilizing mes-
enchymal stem cells (MSC), platelet rich plasma (PRP), and 
new biomaterials, where cells are combined with scaffolds to 
preform a given tissue could be a new solution to cartilage 
repair [6, 11, 12, 18, 36, 40, 42, 45, 46, 48, 55, 58, 59].

Characterized Chondrocyte Implantation

Very promising results have been shown with ACI to date; 
however, ACI is a technology that involves the implantation 
of an expanded chondrocyte population derived from a carti-
lage biopsy. These expansions result in the loss of its pheno-
typic traits also called “dedifferentiation” [6, 28, 29, 40, 59]. 
These produce chondrocytes with a decreased capacity to 
regenerate hyaline cartilage cells [54].

ChondroCelect® is the result of an optimized cell culturing 
process aimed at maintaining chondrocyte homeostasis in the 
repair of cartilaginous lesions of the femoral condyles. After 
years of intensive research, TiGenix has identified a set of gene 
markers characterizing chondrocytes with cartilage-forming 
potential. In a preclinical animal model, the quality of implanted 
cartilage has shown a good correlation with the phenotypic 
chondrocyte markers. This process of semiquantitatively 
assessing cartilage is called the ChondroCelect® score.

In a first step, healthy cartilage is harvested via arthros-
copy from a lesser weight bearing part of the distal femur 
(preferably the intercondylar groove). After enzymatic tissue 
digestion, the cells are expanded for 4–6 weeks, and then 
scored. The culture-derived chondrocyte suspension is 
implanted in the lesion and sealed under a periosteal or col-
lagen membrane cover.

TiGenix has launched a randomized Phase III pivotal trial 
comparing ChondroCelect® to microfracture in several 
European countries, which demonstrated structural superior-
ity 12 months after ChondroCelect® implantation [54]. In a 
successive extension trial, participants are currently followed 
up to 5 years. Results after 36 months show that, despite 
being a two-step procedure, characterized autologous chon-
drocyte implantation clinically performs as well as standard 
microfracture procedure.

A follow-up product in which cells are seeded on a 
hyaluronic acid scaffold is currently under development.

One-Step Surgery: Mesenchymal Stem Cells

Recent directions in cartilage repair are moving toward the pos-
sibility to perform one-step surgery: these could include the use 
of MSC and growth factors in order to avoid the first surgery 
for cartilage biopsy and subsequent chondrocyte cell cultiva-
tion [7,8]. Authors have recognized that nucleated cells found 
in bone marrow are a useful source of cells for restoration of 
damaged tissue [9, 10, 12, 18, 39, 42, 53, 58]. Furthermore, 
using MSC and PRP it is possible to repair cartilage in a one-
step procedure [6, 8, 12, 13, 36, 39, 40, 42, 52, 58, 59].

MSC have a high proliferation and multilineage differ-
entiation potential, into hematopoietic stem cells, adipo-
genic, osteogenic, and chondrogenic cells [18, 40, 59]. 
Many authors have shown in animal and laboratory studies 
the use of mesenchymal stem cells with chondrogenic 
potential [9, 10, 26, 28, 59] but only few clinical studies 
have been done [11, 12, 58]. Once MSC are cultured in the 
appropriate microenvironment, they can differentiate to 
chondrocytes and form cartilage; onset of chondrogenesis 
requires a chemically defined serum-free medium supple-
mented with dexamethasone, ascorbic acid, and growth fac-
tors such as TGF-B [29] or other [7, 8].

The micromass culture or pellet culture system is generally 
considered a good in vitro model of chondrogenesis; Johnstone 
et al. [24] cultured MSC as pellets at the bottom of a tube for 
2 weeks in a specific serum-free cocktail medium; under these 
conditions cells organize a cartilaginous matrix by secreting 
proteoglycans and type II collagen and cells appear as real 
chondrocytes embedded in their own matrix lacunae.

Nixon et al. [43] showed early enhanced chondrogen-
esis in cartilage defects in an equine model, he concluded 
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that MSC arthroscopic implantation in horses improved 
 cartilage-healing response.

Research are currently exploring the possibility of 
implanting stem cells in the laboratory to differentiate into 
chondrocytes and which can then be utilized with a synthetic 
scaffold [18, 28] or scaffold-free [39, 40] for implantation.

Ochi et al. [47] observed that in a rat model, the injection 
of cultured MSC combined with bone marrow stimulation 
could accelerate the regeneration of articular cartilage; they 
noted that this cell therapy was a less invasive treatment for 
cartilage injury. In their other animal study [46] they intro-
duced a MSC delivery system with the help of an electro-
magnetic field, enhancing the proliferation of cartilage inside 
the chondral defect after intra-articular injection, decreasing 
ectopic cartilage formation.

Fortier et al. [7, 8] concluded in their animal studies that 
development of patient-side configuration techniques for intra-
operative stem cell isolation and purification for immediate 
grafting has significant advantages in time savings and imme-
diate application of an autogenous cell for cartilage repair.

Wakitani et al. [58] used autologous culture of expanded 
bone marrow for repair of cartilage defects in osteoarthritic 
knees; they chose 24 knees of 24 patients with knee OA who 
underwent a high tibial osteotomy; patients were divided into 
cell transplanted group and cell-free group. After 16 months 
follow-up, they concluded that MSC were capable of regen-
erating a repair tissue for large chondral defects.

Our institution also uses bone marrow concentrated (BMC) 
for MSC in treating chondral defects. Our technique consists 
of harvesting 40–60 mL of bone marrow aspirate from the 
iliac crest with an aspiration kit and a centrifugations system 
(Harvest SmartPReP®2 System - Harvest Technologies corp, 
Plymouth, USA) following the method recommended by the 
manufacturer to harvest BMC. By using this technology we 
are able to increase the concentration of BMC four to six 
times the baseline value.

Using Batroxobin enzyme (Plateltex®act-S.R.O. Bratislava, 
SK), we activate the bone marrow concentrate and produce a 
sticky clot material that we paste on to the defect; finally we 
cover the treated defect with a collagenic membrane 
(ChondroGide®-Geistlich, Wolhusen, CH).

Preliminary data from our institution and other Italian 
authors on MSC implantation with a one-step procedure 
seem to be promising, showing good clinical outcomes at 
early follow-up. Giannini et al. [12] presented their one-step 
surgery procedure using MSC and scaffold. Twenty patients 
with a mean age of 26 years of age with chondral lesions 
were treated. Patients were evaluated using clinical scores 
and MRIs. They had a minimum of 6 months and maximum 
of 24 months follow-up. IKDC subjective and objective 
scores showed significant improvement from pre-op to final 
follow-up. MRI evaluation showed progression of regenera-
tion from pre-op to final follow-up.

Among a group of 20 patients treated with this technique 
at our Institution from April 2007, for grade IV cartilage 
lesions of the knee, 14 patients (15 knees) were prospectively 
followed up for 2 years. All these patients have been trans-
planted Bone Marrow Aspirate Concentrated (BMAC.) cov-
ered with collagen membrane (ChondroGide®-Geistlich 
Wolhusen, CH). Bone marrow was harvested from ipsilat-
eral iliac crest and subjected to concentration and activation 
with Batroxobin solution (Plateltex®act-Plateltex S.R.O. 
Bratislava, SK).

All patients followed the same specific rehabilitation pro-
gram for a minimum of 6 months. X-rays and MRI were col-
lected preoperative and at final follow-up. VAS, IKDC, KOOS, 
Lysholm, and Tegner scores were collected at pre-op, 
3–6 months, 1 year and at final follow-up. Four patients gave 
their consent for second-look arthroscopy and biopsy. One 
patient was missed at final follow-up; all the other patients 
showed improvements in evaluation scores. Mean pre-op val-
ues were: VAS 5, IKDC subjective 41.73, KOOS Scores 
P = 66.6/S = 68.3/ADL = 70/SP = 41.8/QOL = 37.2, Lysholm 
65, and Tegner 2.07.

At final follow-up, mean scores were: VAS 0.8, IKDC sub-
jective 75.5, KOOS P = 89.8/S = 83.6/ADL= 89.6/SP = 58.9/
QOL = 68, Lysholm 87.9, and Tegner 4.1. No adverse reac-
tions or post-op complications were noted. MRI showed good 
coverage of the lesions. Good histological findings were 
reported for all the specimens analyzed who presented many 
hyaline-like features.

This study shows that one-step surgery with BMAC. and 
collagen scaffold can be a viable technique in the treatment 
of grade IV knee chondral lesions.

Conclusions

From an initial arthrotomy approach, some of the tech-
niques can now be entirely performed arthroscopically. This 
modification has enabled surgeons to avoid possible intra-
operative problems and decrease operative time. By elimi-
nating the need for an open procedure and harvesting of 
periosteal flap, joint trauma is significantly reduced. 
Complications, such as graft hypertrophy and ossification, 
are also avoided with the use of this three-dimensional 
hyaluronic acid scaffold.

A number of viable options have been made available 
over the years to address problems concerning cartilage 
damage and each technique has its advantages and disad-
vantages. Numerous studies are currently under way to clar-
ify some of the questions that still remain unanswered 
regarding the long-term durability of these procedures and 
the possible modifications that can still be done to achieve 
better results.
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CCI is a progress in cultivation and in the future, with the 
advent of these selected chondrocytes, the production of the 
best scaffold and the use of PRP and growth factors, we will 
reach the ultimate product and realize our goal of  regenerating 
cartilage.

Biotechnology is progressing at a rapid pace, allowing the 
introduction of numerous products for clinical application; 
however, carefully conducted randomized prospective stud-
ies for each of these innovations should be carried out to vali-
date their efficacy for cartilage regeneration.

The use of bone marrow-derived MSCs to repair full 
thickness articular cartilage lesions can be a promising option 
for the treatment of knee cartilage defects. This procedure 
shows less morbidities and complications inherent to tradi-
tional cartilage surgical techniques by lowering surgical pro-
cedure time and intervention count translating to lower costs 
and down time for the patient.

At present, not all lesions can be addressed with a single 
technique, and retropatellar, tibial plateau, and posterior 
condylar lesions remain a challenge. Development of better 
instruments and introduction of new techniques in the near 
future should be able to help treat these lesions. However, 
we need longer term prospective randomized studies to con-
firm the encouraging preliminary results.
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Basic Science

Relevant Anatomy

Articular cartilage is a thin layer of specialized connective 
tissue lining the articulations of diarthrodial joints. Properties, 
which are unique to this tissue, enable an almost frictionless 
joint movement and afford protection to the underlying bone 
from excessive load and trauma by dissipating the forces 
produced during movement.

The structural organization of articular cartilage can be 
divided into four major zones: superficial, middle, deep, and 
calcified [45, 70]. Each zone is distinctly structured with 
cells and extracellular matrix (ECM) organized in specific 
patterns. The cells, known as chondrocytes, make up 1–2% 
of the total weight of the articular cartilage. On the other 
hand, the ECM, which makes up the rest of the cartilage, is 
generally composed of type II collagen and proteoglycans.

Biomechanics

Within joints and in particular the knee, there are two types 
of cartilage: fibrocartilage and hyaline cartilage. Fibrocartilage 
is an elastic or “fibrous” cartilage of which the menisci are 
composed whereas hyaline cartilage is the tissue that covers 
the extremities of the bones that make up the joint. Hyaline 
cartilage has an extremely important biomechanical function 
as shock absorber as well as providing frictionless movement 
to the joint. Even though this layer of cartilage is only a few 
millimeters thick, it has a significant capacity to absorb 
forces as well as distributing load to reduce stress on sub-
chondral bone.

Once this protective layer of articular cartilage is compro-
mised, subsequent trauma and excessive loading can acceler-
ate the progression of the “wear and tear.” Moreover, 
significant functional properties are lost leading to further 
pathological changes that can involve the surrounding carti-
lage and subchondral bone [67, 70].
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Biology

As early as 1743, Hunter recognized that “articular cartilage 
lesions don’t heal”; the limited intrinsic healing potential of 
articular cartilage is attributed to the presence of few and 
specialized cells with a low mitotic activity [38]. As the 
human body matures, the cell density, which influences the 
amount of ECM produced, declines further, limiting its 
capacity to regenerate. The reparative capacity of cartilage is 
further reduced by the fact that the cartilage is avascular. The 
absence of a vascular network prevents access for mesenchy-
mal stem cells and macrophages, which would normally help 
repairing tissues. Stem cells are responsible for the forma-
tion of new chondrocytes while macrophages remove debris 
associated with damaged cartilage. As a result, once injury 
occurs, surgical intervention may be necessary to achieve 
repair of the resulting focal chondral defects to obtain a good 
functional outcome.

Clinical Evaluation

History

Patients suffering from chondral injuries often find it difficult 
to recall a specific incident that triggered their symptoms. 
Swelling is usually present in the affected knee, which can 
sometimes be accompanied by mechanical symptoms like 
catching and clicking. A high index of suspicion for chondral 
injuries should be considered in patients who present with epi-
sodes of recurrent swelling in a knee that has effusion at the 
time of examination [53]. In addition Mandelbaum empha-
sized that chondropenia (a process of loss of cartilage volume 
and elevation of contact pressures over time, resulting in 
downward progression on the dose response curve and even-
tual development of osteoarthritis (OA)) as a possible caus-
ative factor, should not be overlooked when evaluating patients 
who present with these particular knee symptoms [46].

Physical Findings

Several authors have reported specific symptoms synony-
mous to chondral defects. Brittberg et al. and Ochi et al. [10, 
11, 62] stressed that knee pain, symptoms of locking, retro-
patellar crepitus, and swelling are among the prominent 
findings to look out for. Other authors including Hangody 
et al. [34, 35] mentioned that instability could also be 

present. As signs and symptoms elicited during physical 
examination can mimic the presentation of other knee 
pathologies, authors agree that correlation with other diag-
nostic modalities should be made routinely to increase the 
accuracy of diagnosis.

Imaging

Among the diagnostic imaging modalities used, MRI has 
proven to be the most accurate having a sensitivity which is 

95% [14, 36, 37]. Aside from delineating the extent of the 
articular cartilage lesions, subchondral bone and associated 
ligament or meniscal injuries can also be assessed. The use 
of fast-spin-echo (with or without fat suppression) and/or 
fat-suppressed (or water-selective excitation) spoiled gradi-
ent-echo image for better resolution has been recommended. 
Signal properties of articular cartilage are dependent on: 
MR pulse sequence utilized, cellular composition of colla-
gen, proteoglycans and water, orientation of collagen in dif-
ferent laminae of cartilage, and effective cartilage pulse 
sequencing [71].

Recently, surgeons used arthroscopy more extensively as 
a diagnostic tool: the benefit afforded by direct visualization 
of the extent of the defect, together with the information pro-
vided by MRI significantly enhances the surgeon’s capacity 
to precisely plan the appropriate treatment necessary to 
address the pathology.

Decision Making, Algorithms, 
and Classification

The Outerbridge classification was the traditional system 
used but recently a more comprehensive system (ICRS 
Classification) has been adopted [11].

Several options exist in the treatment of cartilage lesions; 
however, integrating all of these into a comprehensive algo-
rithm has not been easy. Any form of planned treatment 
should be based on patient characteristics and expectations, 
clinical symptoms and type of lesions.

One algorithm proposed by Cole and Miller [17, 52] pres-
ents an overview of a surgical-decision scheme where mul-
tiple options are presented for similar lesions without 
endorsing a specific treatment over the others.

In general, surgeons agree that parameters such as lesion 
size, and depth and associated issues such as alignment, liga-
ment, and meniscal integrity should be considered when 
planning treatment for chondral defects. Furthermore, other 
factors related to the patient (e.g., age, genetic  predisposition, 
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level of activity, associated pathologies, and expectations) 
should not be overlooked.

To facilitate decision making when confronted with a 
particular case, a summary of cases and treatment options 
that can be encountered in practice is provided (Tables 1 
and 2).

Treatment

Operative

Traditional palliative techniques or newer reparative treat-
ment options have demonstrated variable results. Lavage 
and chondroplasty can provide symptomatic pain relief 
with no actual hyaline tissue formation. However, these 
techniques remove superficial cartilage layers, which 
include collagen fibers that are responsible for the tensile 
strength, creating a less functional cartilage tissue [50]. 
Bone marrow stimulation techniques, such as subchondral 
plate drilling or microfracture have been reported to stimu-
late production of hyaline-like tissue with variable proper-
ties and durability compared to normal cartilage, but it has 
been observed in many cases that these techniques tend to 

produce fibrocartilaginous tissue, which degenerates with 
time [28, 31, 54, 74]. Osteochondral autologous transplan-
tation and mosaicplasty can restore normal cartilage tissue, 
but they can be applied only to small defects and there are 
some concerns regarding donor site morbidity [28, 34]. 
Autologous chondrocyte implantation, which was first 
introduced by Peterson, on the other hand, has been proven 
to be capable of restoring normal hyaline-like cartilage tis-
sue, that is mechanically and functionally stable even in 
athletes at long-term follow up, but this method showed 
local morbidity for periosteal harvest and requires two 
 surgical procedures [6, 36, 37, 55, 69].

The apparent complexity of the Peterson periosteal tech-
nique and the possible complication of periosteal patch 
hypertrophy prompted surgeons to look for alternative tech-
niques to enhance cell delivery and outcome. At present the 
most promising technique seems to be tissue engineering, 
where cells are combined with scaffolds to pre-form a given 
tissue. In general, the concept involves cultured autogenous 
or allogenous chondrocytes integrated in biodegradable and 
biocompatible scaffolds. Once cultivated on the scaffold, the 
chondrocytes must reacquire and maintain their chondro-
genic phenotype to synthesize an ECM containing type II 
collagen, glycosaminoglycans, and proteoglycans, all of 
which are necessary to produce hyaline cartilage.

Table 1 Treatment guides for cartilage lesions

Location Size (cm2) Primary treatment Secondary treatment

Femoral Condyle <1 Debridement Marrow stimulating techniques

Marrow stimulating techniques Osteochondral grafting

Osteochondral grafting

1–2 Debridement Osteochondral grafting

Marrow stimulating techniques Autologous chondrocyte implantation (ACI)

Osteochondral grafting

Autologous chondrocyte implantation (ACI)

>2 Osteochondral grafting Osteochondral grafting

Autologous chondrocyte implantation (ACI) Autologous chondrocyte implantation (ACI)

Fresh allograft Fresh allograft

Patello-femoral <2 Physiotherapy Osteochondral grafting (trochlea)

Debridement Autologous chondrocyte implantation (ACI)

Osteochondral grafting (trochlea)

Autologous chondrocyte implantation (ACI)

>2 Osteochondral grafting (trochlea) Osteochondral grafting (trochlea)

Autologous chondrocyte implantation (ACI) Autologous chondrocyte implantation (ACI)

Tibial plateau <2 Debridement Marrow stimulating techniques

Marrow stimulating techniques Autologous chondrocyte implantation (ACI)
Autologous chondrocyte implantation (ACI)

>2 Bone grafting Bone grafting

Autologous chondrocyte implantation (ACI) Autologous chondrocyte implantation (ACI)
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Scaffolds

The use of a three-dimensional scaffold for autologous chon-
drocyte culture was developed with the aim to improve both 
the biological performance of chondrogenic autologous cells 
as well as renders the surgical technique easier, avoiding the 
use of the periosteal flap [30, 47, 48, 59]. A scaffold that is 
properly sized can be positioned directly into the articular 
defect under arthroscopic guidance; although, some techni-
cal limitations prevail, which include treating patellar lesions 
and posterior portions of femoral condyles or tibial plateau 
and could partly be resolved with the development of new 
arthroscopic tools.

For some years now, different types of scaffolds with dif-
ferent matrices have been tested in animal models, and in 
some cases, human trials were carried out to determine the 
efficacy in facilitating and promoting cartilage repair. These 
scaffolds can be divided according to their chemical nature 
into protein-based polymers (collagen, fibrin, and gelatine), 
carbohydrate polymers (hyaluronan, agarose, polylactic acid, 
polyglycolic acid, chitosan, and alginate), and other poly-
mers (Teflon, Dacron, carbon fibers, polybutyric acid, 
hydroxyapatite). Combinations of these different polymers 
are also available.

The ideal scaffold should be biocompatible (by not trig-
gering any inflammatory response and not being cytotoxic), 
biodegradable by offering a temporary support to cells in 
order to promote replacement of a newly synthesized matrix 
and possibly induce proliferation of the transplanted cells. 
The matrix should also be permeable to nutrients and pro-
vide firm adhesion to the surrounding cartilage wound edges 
so, as to promote integration. Furthermore the scaffold must 

be reproducible and readily available and versatile for repair 
and resurfacing [39].

Hyaluronan (hyaluronic acid, HA) is a naturally occur-
ring and highly conserved glycosaminoglycans, which is 
widely distributed in the body. It has proven to be an ideal 
molecule for tissue engineering strategies in cartilage repair, 
given its impressive multifunctional activity through its 
structural and biological role [16].

Through the chemical modification of HA, a scaffold can 
be obtained and may be processed into stable configurations 
to produce a variety of biodegradable structures with differ-
ent physical forms and in vivo residence times. Extensive 
biocompatibility studies have demonstrated the safety of 
these biomaterials and their ability to be resorbed in the 
absence of an inflammatory response [15].

Three-dimensional nonwoven scaffolds support the 
in vitro growth of highly viable chondrocytes and promote 
the expression of the original chondrogenic phenotype 
[12, 13].

Chondrocytes, previously expanded on plastic and seeded 
into the scaffold produce a characteristic ECM rich in pro-
teoglycans and express typical markers of hyaline cartilage, 
such as collagen II and aggrecan [1, 33, 56]. When implanted 
in full-thickness defects of the femoral condyle in rabbits, 
chondrocytes regenerated a cartilage-like tissue [32, 33, 76].

An important issue to be addressed for the future per-
spective for cartilage repair is the quality of the bonding 
and the integration of the newly formed tissue to the native 
tissue. Different studies were completed and all seem to 
demonstrate the importance to the presence of both cells 
and the newly synthesized matrix for achieving a stable 
healing [66].

Table 2 Treatment guides for complex cartilage lesions

Location Associated pathology Primary treatment Secondary treatment

Femoral condyle ACL deficiency ACL reconstruction Osteochondral grafting

Meniscal repair/allograft transplantationMeniscal tear/degeneration
Osteotomy (femoral/tibial) Autologous chondrocyte 

implantation (ACI)Malalignment Osteochondral graftingFresh allograft
Fresh allograft

With option to carry out: cartilage biopsy for ACI

Patello-femoral Malalignment Physiotherapy Osteochondral grafting 
(trochlea)

Arthroscopic lateral release ± medial plication Autologous chondrocyte 
implantation (ACI)

Instability Realignment procedures Fresh allograft

With option to carry out: cartilage biopsy for ACI

Tibial plateau Malalignment Osteotomy Bone grafting

Marrow stimulating techniques

Instability Bone grafting Autologous chondrocyte 
implantation (ACI)Autologous chondrocyte implantation (ACI)
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Indications

The main indications for cartilage transplantation are symp-
tomatic focal, full thickness cartilage lesion (ICRS Grade 
III–IV) in the absence of significant arthritis in physiologi-
cally young patients (15–55 years). Additional factors to 
consider include the patient’s motivation and willingness to 
comply with the postimplantation rehabilitation regimen. 
Defect size ranging from 2 cm2to 12 cm2 has been shown to 
be favorable for regeneration. Osteochondritis dissecans is 
not a contraindication for cartilage transplantation as long as 
the bone loss does not exceed 8 mm [68].

Second-Generation Autologous Chondrocyte 
Implantation Technique

Autologous chondrocyte implantation is carried out through 
the conventional arthrotomy approach; however, recent 
advances in scaffold technology have enabled surgeons to 
perform this technique in condylar lesions, arthroscopically 
[2, 3, 26, 27, 42, 43, 48, 59, 75, 78].

The chondrocytes obtained from the biopsy taken during 
initial arthroscopy are then expanded in vitro and finally 
seeded onto a three-dimensional biomaterial where they will 
continue to proliferate and redifferentiate. After prolifera-
tion, chondrocytes organize three-dimensionally to stimulate 
the synthesis of ECM molecules and to prevent the loss of 
cell phenotype. The time frame observed for this cultivation 
with respect to ACI is 3–4 weeks. At the time of graft implan-
tation, the lesion is prepared using a low-profile cannulated 
drill maintained in place by a Kirschner guide wire (0.9 mm 
diameter) anchored in the bone. A depth of 2 mm is observed 
while preparing the defect to avoid violating the subchondral 
bone plate. Once the defect is completely devoid of fibrotic 
tissues, the hyaluronic acid patch containing the cultured 
chondrocytes is obtained. At this point, the knee joint is then 
drained of fluid and the scaffold is loaded in the delivery 
system instrument using the cannula to position the patch 
into the defect. The intrinsic adhesive characteristics of the 
scaffold assure its stability once positioned in the defect and 
in the majority of cases there is no need for further fixation. 
Graft stability is then verified through a range of knee move-
ment prior to closure of the portals. Otherwise, in large 
uncontained defects and in the patellofemoral compartment 
treated with open surgery, fibrin glue and/or other fixation 
systems maybe indicated to keep the graft in place [29].

Several reports from controlled trials in patients oper-
ated with the use of these HA scaffolds have been presented 
[24, 48, 59]. However, the largest collection of data (more 

than 4,000 cases in Europe) using the HA scaffold in clini-
cal practice is represented by a multicenter observational 
study conducted in Italian Orthopaedic Centers since 2001 
[48, 64, 65].

Evaluation of Outcome

Since 2001, we have participated in an ongoing observational 
multicenter investigation to evaluate the long- term clinical 
outcomes of the treatment with HA scaffold (HYAFF 11® 
Fidia Advanced Biopolymers, Abano Terme, Italy).

One hundred and forty-one patients with follow-up assess-
ments ranging from 2 to 5 years (average follow-up time: 
38 months) were evaluated. At follow-up, 91.5% of patients 
improved according to the International Knee Documentation 
Committee subjective evaluation; 76% and 88% of the 
patients had no pain and mobility problems, respectively, 
assessed by the Euro Qol-EQ5D measure. Furthermore, 
95.7% of the patients had their treated knee normal or nearly 
normal as assessed by the surgeon; cartilage repair was 
graded arthroscopically as normal or nearly normal in 96.4% 
of the scored knees; the majority of the second-look biopsies 
of the grafted site, histologically, were assessed as hyaline-
like. A very limited complication rate was recorded in this 
study [47].

We also evaluated the patellofemoral full-thickness chon-
dral defects treated with Hyalograft C. Thirty-two chondral 
lesions located in the patella and trochlea, were treated. The 
International Cartilage Repair Society-International Knee 
Documentation Committee and EuroQol EQ-5D scores dem-
onstrated a statistically significant improvement (P < 0.0001). 
Objective preoperative data improved from 6/32 (18.8%) 
with International Knee Documentation Committee A or B 
to 29/32 (90.7%) at 24 months after transplantation. Mean 
subjective scores improved from 43.2 points preoperatively 
to 73.6 points 24 months after implantation. Magnetic reso-
nance imaging studies at 24 months revealed 71% to have an 
almost normal cartilage with positive correlation with clini-
cal outcomes. Second-look arthroscopies in six cases revealed 
the repaired surface to be nearly normal with biopsy samples 
characterized as hyaline-like in appearance [30].

Complications and Special Considerations

The most commonly cited complications of first-generation 
autologous chondrocyte implantation are graft hypertrophy 
and arthrofibrosis [8, 43, 46, 55, 67]. Graft hypertrophy has 
been noted to occur between 3 and 9 months postoperatively 
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and it is thought to result from abrasion of the periosteal 
patch, which overhangs from the margin of the defect.

Adverse events of second-generation ACI are apparently 
lower than that of first generation as reported by Mandelbaum 
et al. [46] and today second-generation ACI represents a 
modern and viable technique for cartilage full thickness 
chondral lesion repair but it is still not without problems: 
aside from the risk of harvest site morbidity and two surgical 
procedures, the total cost of the operation, scaffold, and pro-
cess of chondrocytes culture remain the drawbacks of this 
procedures [6, 26].

Improvements

Very promising results have been shown with ACI to date; 
however, ACI is a technology that involves the implantation 
of an expanded chondrocyte population derived from a carti-
lage biopsy. This expansion results in the loss of its pheno-
typic traits also called “de-differentiation” [9, 44, 58, 80]. 
This produces chondrocytes with a decreased capacity to 
regenerate hyaline cartilage cells [74].

Characterized Chondrocyte Implantation (CCI) is a sec-
ond-generation ACI procedure that uses ChondroCelect. 
ChondroCelect (Ti-Genix NV, Haasrode, Belgium) was 
developed to limit this loss of phenotype and is an expanded 
population of chondrocyte that expresses a marker profile 
predictive of the capacity to form stable hyaline-like carti-
lage in vivo in a consistent and reproducible manner.

The chondrogenic character of the cells is confirmed with 
the ChondroCelect Score (CC-Score) representing a potency 
assay done after every step of the process. In a mouse model, 
the CC-score and histological score showed a high degree of 
correlation. The CC-score is a range from −6 to +6 (four 
positive and two negative genetic markers). Only chondro-
cytes with a CC-score of 0 would be used ensuring a high 
cartilage-forming capacity.

In a prospective, randomized controlled trial, that com-
pared CCI versus microfracture as treatment for single symp-
tomatic cartilage defects of the femoral condyle, CCI 
produced a superior type of tissue regenerate. The primary 
aims of the trial were (a) to demonstrate superiority of CCI 
over microfracture in overall quality of structural regenera-
tion of the articular tissue at 12 months posttreatment using 
histomorphometry and Overall Histology Assessment Score 
and (b) to demonstrate a clinical outcome as assessed by 
Overall Knee Injury and Osteoarthritis Outcome Score 
(KOOS) at 12–18 months posttreatment that was at least 
comparable in both treatment groups. For the first time this 
trial proved that joint surface repair/regeneration using cell 
technology produced higher quality regenerate than intrinsic 
repair. It also showed clinical outcome similar in both 

treatments. These results suggest that CCI may lead to an 
improved long-term clinical outcome [74].

Future Directions

In the future, the use of autologous mesenchymal stem cells 
seeded in a temporary scaffold with growth factors could be 
an improvement of the currently available techniques.

Mesenchymal Stem Cell

ACI has the potential for repair of the damaged cartilage and, 
as of today, remains one of the more promising technologies 
of tissue engineering. Nevertheless, the chondrocyte being a 
quiescent cell, the expansion of the cell population to obtain 
a sufficient cell number for the surgical procedure appears 
critical and in this regard the approach has some limitations: 
(a) if the damaged surface is particularly wide, the availabil-
ity of healthy cartilage to harvest appears limited (b) in vitro 
expanded human articular chondrocytes reduce their chon-
drogenic potential after five to six cell doubling.

Research is currently underway to develop alternatives to 
this protocol. Recent directions in cartilage repair are mov-
ing toward the possibility to perform one-step surgery; sev-
eral groups are analyzing the possibility to use mesenchymal 
stem cells (MSC) with chondrogenic potential and growth 
factors [19– 22, 26, 45, 61].

MSC have a self-renewal capacity and multilineage dif-
ferentiation potential, which remain of great interest for sci-
entists involved in cell therapy and tissue engineering.

MSC can be characterized by their cultivation behavior 
and their differentiation potential into adipogenic, osteogenic, 
and chondrogenic cells, as well as form bone, cartilage, and 
fat [33, 37, 40, 56, 80]. Researchers are currently exploring 
the possibility of manipulating stem cells in the laboratory to 
differentiate into chondrocytes and which can then be inte-
grated into a synthetic scaffold for later implantation. If MSC 
are cultured in the appropriate microenvironment, they can 
differentiate to chondrocytes and form cartilage. Onset of 
chondrogenesis requires a chemically defined serum-free 
medium supplemented with dexamethasone, ascorbic acid, 
and growth factors such as TGF-B [73]. The micromass cul-
ture or pellet culture system is generally considered a good 
in vitro model of chondrogenesis [44]. Johnstone et al. cul-
tured MSC as pellets at the bottom of a tube for 2 weeks in a 
specific serum free cocktail medium. Under these conditions 
cells organize a cartilaginous matrix by secreting proteogly-
cans and type II collagen and cells appear as real chondro-
cytes embedded in their own matrix lacunae [40].
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Ochi et al. found that injection of cultured MSCs combined 
with a bone marrow stimulation procedure in the chondral 
defect of rat model can accelerate the regeneration of articular 
cartilage. They believed that this cell therapy was a less inva-
sive treatment for the patients with cartilage injury [63].

Wakitani et al. have used autologous culture expanded 
BMSC transplantation for repair of cartilage defects in 
osteoarthritic knees. They chose 24 knees of 24 patients with 
knee OA who underwent a high tibial osteotomy. Patients 
were divided into cell transplanted group and cell-free group. 
After 16 months follow-up, they concluded that MSC was 
capable of regenerating a repair tissue for large chondral 
defects [79]. Giannini et al. [25] presented their one-step sur-
gery procedure using MSC and scaffold.

In order to find a more effective and simple technique for 
cartilage repair, we have attempted to use high concentration 
MSC combined with biologic scaffolds for osteochondral 
defect repair (Figs. 1–6). For this operative procedure, we 
firstly prepared the osteochondral defect with debridement 
by arthroscopy or mini-open arthrotomy, and extracted bone 

marrow from iliac crest. High concentration MSC was 
obtained by centrifuge (four to six times the baseline value). 
Then, we activated the bone marrow concentrate and pro-
duced a sticky clot material. Finally, we pasted BMC into the 
osteochondral defect and covered it with a collagenic 

Fig. 1 Bone marrow aspiration from iliac crest

Fig. 3 Grade IV medial femoral condyle defect

a

b

Fig. 4 (a) Preparation of the lesion with curette. (b) From the lesion-to-
subchondral boneFig. 2 MSC after centrifugation and activation (sticky clot material)
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membrane. Due to the porous structure of the scaffold, we 
hypothesized that it was easy for adhesion, proliferation, and 
differentiation of MSC. Preliminary data from our institution 
and other Italian authors on MSC implantation with a one-
step procedure seem to be promising, showing good clinical 
outcomes at early follow-up [33].

Plasma Rich in Growth Factors

The plasma fraction just above the red and the white cells is 
called plasma rich in growth factors (PRGF). It is a plasma 
fraction with a high number of platelets; about three times 
the number of platelets in blood [72]. In these platelets 
there is a high density of alpha granules, which contain pro-
teins. PRGF is an autologous preparation rich in growth 

factors, obtained from platelet-enriched plasma. Studies 
have been carried out using PRGF in articular cartilage 
lesion treatment, and presented the following positive 
results: PRGF can increase total GAG, collagen II synthesis 
and decrease degradation; induce chondrogenesis of MSCs 
and promote chondrocyte proliferation, differentiation, and 
adhesion [4, 18].

PRGF contains different growth factors, such as PDGF, 
IGF-1, TGF-B, EGF, bFGF, VEGF, and others. They regulate 
key processes involved in tissue repair, including cell prolif-
eration, chemotaxis, migration, cellular differentiation, and 
ECM synthesis [7]. Some growth factors in PRGF show good 
activity for chondrogenesis. Barry et al. demonstrated MSC 
cultured with TGF-  produced significantly more proteogly-
cans and collagen II [5]. Fukumoto et al. found that IGF-1 has 
a synergistic effect with TGF-  in promoting MSC chondro-
genesis [23]. The studies by Stevens et al. have shown that 
bFGF induce MSC proliferation and chondrogenesis [77].

Cugat et al. have used PRGF treating chondral defects 
and have obtained good results. According to their experi-
ences for other connective tissue repair, they think that PRGF 
in physiological concentrations is effective for the recovery 
of connective tissue. Local treatment is safe and does not 
alter the systemic concentrations of these proteins [18].

Kon et al. [41] have studied a group of 30 patients with 
symptomatic degenerative disease of the knee joints treated 
with three PRP intra-articular injections weekly; the follow-
up at 6 months showed positive effects on the function and 
symptoms.

Pulsed electromagnetic fields (PEMFs) can also produce 
a sustained up-regulation of growth factors, which enhance 
but do not disorganise endochondral bone formation; they 
have the  capacity to assist cartilage tissue healing and hope-
fully retard OA by increasing gene expression and the syn-
thesis of growth factors. We also investigated the effects of 

ba

Fig. 6 Covering the lesion with a collagenic membrane. (a) Stabilization with suture. (b) Enhancing with glue

Fig. 5 Pasting BMAC into the osteochondral defect
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pulse electromagnetic Weld (PEMF) on pain relief and func-
tional capacity of patients with knee OA. Twenty-two patients 
with knee OA were treated PEMFs (I-ONE therapy, Igea, 
Carpi, Italy) and included in a randomized, study. Patients 
showed significant improvement in all scores at final follow 
up (p < .005) (Fig. 7).

We have also attempted to use PRGF combined with a 
scaffold for osteochondral defects. We hypothesized that 
penetration of subchondral plate would allow the release of 
MSC, which provide the cell source for cartilage repair. 
Twenty-three patients with a mean age of 44.3 years, among 
a group of 50 patients, were followed up. We collected pain 
visual analog scale (VAS) and KOOS score at pretreatment, 
3 and 6 months posttreatment, and the preliminary results are 
encouraging. There was a trend toward improvement in both 
scores. PRGF can induce MSC chondrogenesis, promote cell 
proliferation, and increase deposition of ECM.

Recently authors have proven synergistic effects of PRP 
combined with MSC. Nishimoto et al. [60] suggested that 
simultaneous concentration of PRP and bone marrow cells 
(BMC) could play important role in future regenerative 
medicine. Milano et al. [51] in an in vivo study showed a 
more effective cartilage repair after microfracture associ-
ated to hydro gel scaffold with PRP. Finally, several authors 
[1, 25, 26, 58, 62, 63, 79, 80] have stated that growth factors 
could act like a carrier to fix chondrocytes into cartilage 
defects and can be combined with MSC. Preliminary data 
are encouraging but further studies on clinical efficacy will 
clarify if simultaneous use of PRP and MSC could repre-
sent a real solution for regenerative medicine in cartilage 
repair [57].

However, application of growth factor proteins is ham-
pered by their short pharmacological half-life. This has led 
to the application of gene transfer to achieve a localized 
delivery into the defect of therapeutic gene constructs. 
Among the most studied candidates, polypeptide growth fac-
tors have shown promise to enhance the structural quality of 
the repair tissue. These studies show less morbidities and 
complications inherent to cartilage surgical techniques by 

lessening surgical procedures translating to lower cost for 
the patient. However, medium-term prospective randomized 
studies are suggested to confirm these short-term results.

Conclusions

A number of viable options have been made available over 
the years to address problems concerning cartilage damage 
and each technique has its advantages and disadvantages. 
Numerous studies are currently under way to clarify some of 
the questions that still remain unanswered regarding the 
long-term durability of these procedures and the possible 
modifications that can still be made to achieve better results.

From an initial arthrotomy approach, some of the tech-
niques can now be entirely performed arthroscopically. This 
modification has enabled surgeons to avoid possible intra-
operative problems and decreased operative time. By eliminat-
ing the need for an open procedure and harvesting of periosteal 
flap, joint trauma is significantly reduced. Complications, such 
as graft hypertrophy and ossification are also avoided with the 
use of this three-dimensional hyaluronic acid scaffold.

At present, not all lesions can be addressed with a single 
technique. Retropatellar, tibial plateau, and posterior condy-
lar lesions remain a challenge. Development of better instru-
ments and introduction of new techniques in the near future 
should be able to solve this dilemma.

Characterized Chondrocyte Implantation is a second-gen-
eration ACI procedure and improves chondrocyte selection 
to form stable and consistent hyaline cartilage.

Biotechnology is progressing at a rapid pace, allowing the 
introduction of numerous products for clinical application. 
The research on the identification or creation of the ideal 
material for engineering cartilage substitutes has been very 
prolific in the last decade. The use of polymers, both natural 
and synthetic, that undergo controllable bulk erosion or 
resorption have been largely investigated as they could repre-
sent a favorable solution for engineering cartilage tissues 
in vitro or in vivo.

An important issue to be addressed for the future perspec-
tive for cartilage repair is the quality of the bonding and the 
integration of the newly formed tissue to the native tissue, 
and several studies seem to demonstrate the importance of 
both cells and the new matrix to achieve a stable healing. 
This possibly would lead to the generation of tissue-engi-
neered strategies for the repair of complex lesions involving 
cartilage, together with the subchondral bone and other 
structures. Several scaffolds have been tested in animal mod-
els for regenerating cartilage tissue. However, carefully con-
ducted randomized prospective studies for each of these 
innovations should be carried out to validate their efficacy 
for cartilage regeneration.

Fig. 7 I-ONE PEMFs generator [49]
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to Cartilage Repair in a Large Animal Model

Norimasa Nakamura, Wataru Ando, Kosuke Tateishi, Hiromichi Fujie, 
David A. Hart, Kazunori Shinomura, Takashi Kanamoto,  
Hideyuki Kohda, Ken Nakata, Hideki Yoshikawa, and Konsei Shino 

Introduction

Articular cartilage does not usually heal spontaneously due 
to its avascular surroundings and unique matrix organization. 
Therefore, a variety of approaches have been tested to 
improve cartilage healing [7, 18]. Among them, chondro-
cyte-based therapies have been extensively studied since the 
successful report of autologous chondrocyte implantation  
[5, 27, 32]. However, this procedure may have limitations 
including the sacrifice of undamaged cartilage within the 
same joint and alterations associated with the in vitro expan-
sion of the cells. Furthermore, due to the degenerative 
changes in cartilage accompanying aging, the availability of 
the cells maybe limited in elderly individuals [15].

To overcome such potential problems, stem cell therapy 
has been tested to facilitate regenerative tissue repair. 
Mesenchymal stem cells (MSCs) have the capability to dif-
ferentiate into a variety of connective tissue cells including 
bone, cartilage, tendon, muscle, and adipose tissue [34]. 
These cells maybe isolated from various tissues such as bone 
marrow, skeletal muscle, synovial membrane, adipose tissue, 
and umbilical cord blood [10, 20, 23, 34, 36, 41]. Pluripotent 
cells isolated from synovium may be well suited for cell-
based therapies for cartilage because of the relative ease of 
harvest and their strong capability of chondrogenic differen-
tiation [10]. Synovium-derived cells are reported to exhibit 
the greatest chondrogenic potential among the other mesen-
chymal tissue-derived cells examined [36].

In addition to the selection of cell source, local delivery 
of cells to chondral lesions has been another area of concern. 
It is widely accepted that the appropriate three-dimensional 
(3D) environment is important to optimize cell proliferation 
and chondrogenic differentiation [9]. Therefore, a 3D scaf-
fold, which is seeded with cells, is usually utilized to repair 
the defect. A scaffold generally consists of synthetic poly-
mers such as poly (l-lactide) (PLLA), poly (glycolide) 
(PGA), poly (dl-lactide-co-glycolide) (PLGA), and alginate 
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[3, 14, 29, 40], or of biological materials such as collagen, 
fibrin hyaluronan, and chitosan [6, 16, 21, 24]. Various scaf-
folds have been approved for clinical use by some govern-
mental institutions [31]. However, there are still several 
issues associated with the long-term safety of the material. 
Synthetic polymers may have potential problems regarding 
retention and degradation in situ [8, 38]. Biological materi-
als potentially carry the risk of transmission of infectious 
agents and precipitating immunological reactions [28, 43]. 
Taken together, in order to avoid unknown risk, such materi-
als should ideally be excluded throughout the treatment pro-
cedure, and in this regard, a scaffold-free cell delivery system 
could be an excellent alternative.

Meanwhile, due to its unique matrix organization, articu-
lar cartilage has anti-adhesive properties and therefore, inte-
gration of implanted tissue to adjacent cartilage matrix has 
been an issue in the treatment of chondral injuries [18]. 
To overcome this problem, most implantation procedures into 
chondral lesions have required enzyme treatment of the sur-
face of the cartilage matrix [19] or reinforcement of the initial 
fixation by suturing [13, 22] or by the use of absorbable pins 
[30]. However, an animal study revealed that a suture track in 
the surrounding articular cartilage remains unhealed, and 
thus a defect which could potentially be a trigger site for sub-
sequent degradation of matrix around the margin between the 
implant and the adjacent cartilage tissue [22]. Therefore, an 
implantable tissue that possesses highly adhesive properties 
to cartilage tissue is needed for secure tissue integration.

To address these issues, a novel scaffold-free 3D tissue 
engineered construct (TEC) that is composed of either human 
or porcine MSCs derived from synovium and the extracellular 
matrices (ECM) synthesized by the cells has been generated. 
In the present chapter, the suitability and effectiveness of the 
TEC in cartilage repair and regeneration will be discussed.

Characterization of Cultured Cells Derived 
from Human Synovium

The cultured cells isolated from human synovium displayed 
a long-term self-renewal capacity and expanded over atleast 
ten passages in basal medium with consistent growth kinet-
ics (data not shown). The cell surface phenotypic marker 
analyses showed that the cells were consistently positive 
(>80%) for CD13, CD44, and CD90, weakly positive 
(3–80%) for CD29, CD34, CD54, CD105, and CD166, and 
negative (<3%) for CD14, CD31, and CD45. Although 
there were slight changes in expression levels of markers 
between cells at passages 4 and 7, these profiles were gen-
erally similar to those of MSCs from various tissues such 
as bone marrow, adipose tissue, and synovial membrane 
[11, 30, 36] except that the expression of CD105 was lower 
in the present results. The differentiation capacity of the 
cultured human cells to chondrogenic, osteogenic, and adi-
pogenic lineages at either passage were confirmed by 
in vitro differentiation assays (Fig. 1). Based on these find-
ings, the cultured cells derived from human synovium were 
considered to be MSCs.

Development of the Basic TEC

When synovium-derived MSCs were cultured to conflu-
ence in the basic growth medium, they did not synthesize 
an abundant collagenous matrix. In contrast, in the pres-
ence of >0.1 mM ascorbic acid-2 phosphate (Asc-2P), 

a b c

Fig. 1 Pluripotency of the synovial cells. (a) Alcian blue staining of the 
cultured synovial cells under pellet culture system in chondrogenic 
medium. There is intense blue staining observed. Bar = 500 m.  
(b) Alizarin red staining of the synovial cells (at passage 5) under osteo-
genic medium. These synovial cells form mineralized matrix as  

evidenced by Alizarin red staining. Bar = 100 m. (c) Oil-red O staining 
of synovial cells (at passage 5) under adipogenic medium. Morphological 
changes in cells as well as the formation of neutral lipid vacuoles are 
noticeable. Bar = 100 m
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collagen  synthesis significantly increased with time in 
culture (Fig. 2a, b). Subsequently, the monolayer cell-
matrix complex cultured in Asc-2P became a stiff sheet-
like structure, which could be easily detached from the 
substratum by exerting mild shear stress at the cell-sub-
stratum interface using gentle pipetting. After detachment, 
the monolayer sheet immediately began to actively con-
tract and evolved into a thick 3D tissue (Fig. 2c). Histology 
and scanning electron microscope (SEM) assessment of 
the 3D tissue showed that the cells and the ECM were 
three-dimensionally integrated together at high cell den-
sity. Immunohistochemical analysis showed that the TEC 
was rich in collagen I and III. In contrast, there was no 
expression of collagen II within the TEC. Fibronectin and 
vitronectin were also abundant in the TEC (Fig. 2d). 
Notably, all the molecules were diffusely distributed 
throughout the matrix and there was no overt polarity in 
matrix organization within the TEC. When the TEC was 
folded within the matrix, it was apparent that the layers 

were integrated into each other and a series of foldings led 
to development of one spherical body several millimeters 
thick (Fig. 2e, f).

This contracted tissue was termed a tissue engineered 
construct (TEC) derived from MSCs.

The basic human TEC has adhesive properties which 
facilitate association and adhesion to cartilage matrix.

To test the adhesive property of the TEC to an established 
intact cartilage matrix, basic human TECs were placed on 
the injured surface of a fresh-frozen human chondral frag-
ment. Within 5 min, the TEC had adhered to the chondral 
fragments. When the TEC-chondral complexes were further 
cultured for 7 days, they remained stably associated for the 
entire time. Histology at day 7 showed close adhesion of the 
TEC to the injured surface of the chondral fragments 
(Fig. 3a). Immunohistochemistry showed that fibronectin 
(Fig. 3b) and vitronectin (data not shown) were localized at 
the interface between the TEC and the injured surfaces of 
chondral fragments.
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Fig. 2 Development of the TEC. (a) Photomicrograph of monolayer 
culture in the absence (left) or presence (right) of 0.2 mM ascorbic acid 
2-phosphate (Asc-2P). Bar = 100 m. (b) The hydroxyproline contents 
of the TEC (1.6 × 106 cells/12 well culture plate) cultured in the growth 
medium in the absence or presence of Asc-2P (0.1, 1, and 5 mM). There 
is a significant increase in collagen synthesis when Asc-2P is added at 
the concentration of more than 0.1 mM over 7 days (N = 4, #: p < 0.001, 
compared to 0 mM). There is no significant dose effect of Asc-2P at 
more than 0.1 mM. In the presence of Asc-2P, collagen synthesis was 
significantly increased with time dependency (p < 0.001). (c) Mac-
roscopic view (left: bar =1 cm), photomicrograph (middle: bar = 100 m), 

and SEM view (right: bar = 20 m) of the TEC. (d) Immunohistochemical 
analysis of the TEC stained with type I collagen (Col I), type II collagen 
(Col II), type III collagen (Col III), fibronectin, vitronectin, and nega-
tive IgG (control). Red is nuclei and green is target antibody. Adhesion 
molecules such as fibronectin and vitronectin are diffusely distributed 
within the TEC. Bar = 100 m. (e) Macroscopic view of the TEC 
(8 × 106 cells/6 cmdish, 14 days culture) which was integrated to one 
spherical body. The diameter of this TEC was 5 mm and the thickness 
was 2 mm. (f) HE staining (right), and fibronectin staining (right) of the 
TEC which was integrated to one spherical body with additional 7 days 
culture. Bar = 100 m
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Fig. 2 (continued)

Chondrogenic Differentiation Capacity  
of a Human TEC

Human TEC cultured in a chondrogenic medium containing 
BMP-2 showed increased glycosaminoglycan (GAG) synthe-
sis and deposition as evidenced by intense Alcian Blue staining 

(Fig. 4a). The quantification of GAGs indicated that GAG syn-
thesis was significantly higher in the TEC exposed to the chon-
drogenic medium compared to those generated in the absence 
of such components (Fig. 4b, c). Detection of cartilage-specific 
markers, collagen II (Col2a1), aggrecan, and sox9 messenger 
RNA (m-RNA) by semiquantitative RT-PCR confirmed the 
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cartilage phenotype of the treated TEC. Untreated TEC, as 
well as monolayer cell cultures, showed only weak expression 
of cartilage-specific markers (Fig. 4d).

A basic porcine TEC can effectively repair chondral 
defects in vivo and inhibit the progression of chondral defects 
to overt osteoarthritis.

In order to assess the efficacy of the TEC in an in vivo 
model, a porcine model was chosen as the physiology of the 
pig is similar to that of humans in many respects [39], and 
porcine articular cartilage of the knee is sufficiently thick as 
to allow creation of a chondral defect without damaging the 
subchondral bone. Prior to performing such studies, a 

a

b

bFig. 3 The TEC had adhesive-
ness to cartilage matrix.  
(a) Photomicrograph (HE 
staining) of the cultured chondral 
fragment for 7 days after the 
implantation of the TEC on the 
injured surface. As can be seen, 
the bioengineered tissue is 
closely attached to the injured 
surface. Bar = 200 m.  
(b) Immunohistochemical 
analysis stained with fibronectin 
in area enclosed by dotted 
rectangle in (a). Bar = 50 m
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Fig. 4 Chondrogenesis of the TEC. (a) Alcian blue staining of the 
monolayer cultured synovial cells or the TEC in the control medium or 
in the chondrogenic medium for 14 days, respectively. (b, c) The quan-
tification of Alcian blue staining (b) and GAG contents (c) of mono-
layer culture complex or the TEC in the control medium or in the 

chondrogenic medium. GAG synthesis is significantly higher in the 
TEC treated by chondrogenic medium (N = 8, ¶: p = 0.047, §: p = 0.016). 
(d) Semiquantitative reverse transcription-PCR (RT-PCR) analysis for 
chondrogenic marker genes, type II collagen (Col2a1), Aggrecan, 
Sox 9, and GAPDH
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preliminary characterization of the ability of porcine-derived 
MSC from synovium to generate a TEC comparable to that 
discussed above for the human MSC was undertaken.

To test the feasibility of using a porcine TEC without 
chondrogenic manipulation to repair a chondral injury, a 
juvenile porcine chondral injury model was used. After 
implantation, the TEC firmly adhered to the injured joint sur-
face without suture. To confirm the early adhesion mode of 
the TEC to the injured surface, histology at day 7 was exam-
ined. The TEC was tightly adhered to the injured chondral 
surfaces (Fig. 5a). Higher magnification revealed that the 
adhesion was mediated by matrix-to-matrix interaction 
(Fig. 5b) and, as shown in the in vitro culture study, fibronec-
tin was localized to the interface between the TEC and the 
surface of the defects (Fig. 5c). At 6 months postimplanta-
tion, 50% of defects in animals treated with the TEC were 
completely covered with repaired tissue, while in the remain-
ing defects, majority of the lesions were covered with the 
repair tissue with minimal failure of tissue integration. 
Without the TEC treatment, 75% of the lesions had no tissue 
coverage and there was evidence of extensive erosion of sub-
chondral bone, while 25% of the lesions were only partially 
covered with repair tissue (Fig. 5d). The mean macroscopic 
score for the TEC-treated group (0.25 ± 0.50) was signifi-
cantly lower than that for the untreated group (1.50 ± 0.50) 
(Fig. 5e), where a higher score is suggestive of a failure to 
resolve and progression toward osteoarthritis. Histologically, 
the chondral lesions in the non-treatment control group 
showed evidence of osteoarthritic changes with loss of carti-
lage and destruction of subchondral bone (Fig. 5f). 
Conversely, when treated with the TEC, the defects were 
filled with repair tissue exhibiting good integration to the 
adjacent cartilage and the restoration of a smooth surface 
(Fig. 5g, h). At higher magnification, spindle-shaped fibro-
blast-like cells were dominant at the surface of repaired tis-
sue (Fig. 5i, j), while majority of the cells were round-shaped 
in lacuna in the deeper areas of the repair tissue (Fig. 5i, k). 
The Safranin O positive area of this repair tissue (Fig. 5i) 
also stained for collagen II (Fig. 5l). In histological scoring, 
all criteria of the TEC-treated group were significantly better 
than those for the untreated group (Fig. 5m), indicating bet-
ter repair of the defects. At no point following implantation 
was there any histological findings that suggested central 
necrosis of the implanted TEC.

The mechanical properties of porcine chondral defects 
treated with a porcine-derived TEC approximates those of 
normal cartilage 6 months postimplantation.

It is accepted that the articular cartilage is a biphasic vis-
coelastic material which indicates a strain-rate dependent 
mechanical behavior [17]. It means that the viscoelasticity of 
cartilage which retains interstitial water might be mainly 
reflected in faster compression test, while the matrix vis-
coelasticity without interstitial water could be mainly 
reflected in slower compression test.

In the repair tissue of the untreated group, the tangent 
modulus (defined as the slope of the curve at 5% of strain) 
was significantly lower than that for normal cartilage at a 
compression rate of either 4 m/s (Fig. 6a) or 100 m/s 
(Fig. 6b). In contrast, there were no significant differences 
detected between the tangent modulus for the repair tissue in 
the TEC implant group and that of normal cartilage at both 
rates. This result suggested that the viscoelastic properties of 
tissue repaired with the chondrogenic TEC construct, either 
with or without interstitial water, are likely similar to those 
of control or normal cartilage.

Digital microscopy revealed that the surface of the repair 
tissue in the TEC group was smooth, and similar to normal 
cartilage (Fig. 6c). In addition, coefficient of friction of the 
resulting repair tissue in this group was not significantly dif-
ferent from that of normal cartilage (Fig. 6d).

The TEC Derived from Synovial MSCs

The Next Generation Cell-Based Strategy  
to Regenerate Cartilage

The present chapter has demonstrated the feasibility of using 
a unique scaffold-free TEC generated from MSCs for effec-
tive cell-based cartilage repair. The cultured synovium-
derived cells had high self-renewal capacity and stable 
expression profiles of surface antigen, similar to that observed 
in bone marrow-derived MSCs, through passages 4–7. 
Furthermore, they had the capability of osteogenic, chondro-
genic, and adipogenic differentiation as previously reported 
[10]. Thus, the cultured synovium-derived cells have charac-
teristics similar to those of MSCs and consequently, the 
in vitro generated TEC could be regarded as an MSC-based 
3D bioengineered tissue.

The development of a 3D tissue without an artificial scaf-
fold could be the crucial center of this tissue engineering 
technology, which is based on the active contraction of a cul-
tured monolayer cell/matrix complex. The phenomenon of 
active tissue contraction is similar to that observed with the 
contraction of cultured collagen gels [4, 37]. As reported in 
previous collagen gel studies [42], negative regulators of the 
actin-cytoskeleton significantly inhibit the contraction of the 
monolayer sheet (data not shown). Contractile forces gener-
ated within the actin-cytoskeleton of the cultured MSCs 
maybe at least partially involved in this active tissue contrac-
tion. Importantly, the TEC can be developed without any 
exogenous scaffold and therefore, implantation of the TEC 
would have minimal risk of potential side effects induced by 
artificial or extrinsic biological materials contained in the 
scaffold. Furthermore, we confirmed that human serum is no 
less effective than bovine serum in promoting proliferation 
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Fig. 5 Macroscopical and histological assessment of in vivo TEC implan-
tation on chondral defect. (a–c) Photomicrograph (HE staining; a), the 
interface view by digital microscope (b), and fibronectin staining (c) of 
porcine chondral defect treated with TEC at day 7. Arrows indicate 
interface between the TEC and the cartilage defect. Bar = 50 m.  
(d) Macroscopic view of porcine chondral lesion treated with or without 
the TEC at 6 months after operation. When treated with the TEC, four of 
eight defects are completely covered with repaired tissue (left side) and 
the others are partially covered (middle). Without the TEC, most of the 
chondral lesions have little tissue coverage (right side). (e) Macroscopic 
score of the chondral lesion treated with (TEC, N = 8) or without 
(untreated, N = 4) TEC at 6 months. : p = 0.017. (f, g) Safranin O staining 
of porcine chondral lesion treated with (f) or without (g) the TEC at 

6 months after operation. Bar = 1 mm. (h, i) Light magnification view in 
area enclosed by dotted rectangle in (f) at margin (h) and center (i) area. 
Bar = 100 m. Note the defect treated with the TEC is completely filled 
with repaired tissue with good tissue integration to the adjacent cartilage 
and with restoration of smooth surface (arrow). In contrast, the chondral 
defect in the control group shows osteoarthritic change with loss of carti-
lage and destruction of subchondral bone. (j, k) High magnification view 
in area enclosed by dotted rectangle in (i) at surface (j) and deep (k) area. 
Bar = 50 m. (l) Immunohistochemical analysis of the repaired tissue 
stained with collagen II views in the same area as (h). Bar = 100 m. (m) 
Modified ICRS Visual Histological Assessment Scale of repaired tissue 
treated with (TEC; N = 8) without (untreated; N = 4) TEC : p = 0.009, §: 
p = 0.008, †: p = 0.010, ‡: p = 0.026, $: p = 0.037, £: p = 0.011, ¢: p = 0.006
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of synovium-derived MSCs without losing the differentia-
tion potential of the cells (data not shown). Accordingly, 
with the use of autologous human serum, it is technically 
possible to develop the TEC in a xeno-free system, a factor 
which could minimize the risk of immune reactivity develop-
ing to the TEC [28].

Since the active contraction of a monolayer cell/matrix 
complex could be expected as a natural course when the cul-
ture conditions of the complex converts from a conventional 
adherent culture to a suspension culture, as has been reported 
in previous collagen gel contraction studies [4], the safe and 
reproducible detachment of the cultured monolayer cell/
matrix complex is crucial for this tissue engineering technol-
ogy. Previous studies have shown the feasibility of using a 
temperature sensitive culture dish to detach a cultured cell 

sheet from the substratum [33]. Conversely the present 
method does not require any special equipment and thus 
could be an easier and more direct method to accomplish this 
purpose.

Another further structural advantage of the TEC is that 
the MSCs and the ECM synthesized by the cells are inte-
grated together into a 3D structure with a uniform cellular 
distribution. Thus, there is no need to modify or adjust the 
cellular distribution within the TEC. It is also notable that 
the TEC possesses sufficiently self-supporting mechanical 
properties in spite of the fact that it does not contain any 
artificial scaffold. The tensile strength of the TEC, which is 
developed in the presence of Asc-2P for 14 or 21 days, is 
comparable with that of healing ligament tissue at 1–2 weeks 
after injury [35]. Therefore, the TEC can be readily handled 
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without causing overt damage to the matrix during implan-
tation procedures.

Another important biological characteristic of the TEC 
described in this report is its tissue adhesiveness. This property 
contributes to a rapid and secure adhesion of the TEC to a 
natural cartilage matrix and thus, simple implantation proce-
dures for the placement of the TEC into chondral lesions or 
defects could be expected to proceed without augmentation of 
the initial fixation. Moreover, such adhesiveness also enables 
rapid self-association internally with its own matrix, a factor 
which also contributes to the tissue plasticity of the TEC. In 
reality, it is possible to develop a spherical-shaped tissue of 
several millimeter thickness by folding up the tissue in series. 
Thus, it is possible to develop the TEC that matches the size 
and the shape of a chondral defect more than several millime-
ter in thickness. Although we have not yet identified the crucial 
factor(s) which determine the tissue adhesiveness of the TEC, 
immunohistochemical analysis has shown that fibronectin and 

vitronectin are localized at the interface between the TEC and 
the base of the chondral lesions. Therefore, fibronectin and vit-
ronectin may likely be, at least partially, involved in the adhe-
sive properties of the in vitro generated TEC.

It is known that a 3D culture environment at high density, 
such as micromass culture [12] and pellet culture [25], is an 
important variable to promote chondrogenesis. However, 
these methods cannot be directly applied to most clinical 
situations due to limitations in the mass size of the materials 
[9]. The present study revealed that the TEC overcomes this 
problem of tissue size while providing a 3D and highly 
dense environment for the MSCs to differentiate toward a 
chondrogenic phenotype without causing cell and tissue 
necrosis. The TEC originally does not contain chondrogenic 
marker molecules such as collagen II, and instead is rich in 
collagen I and III. However, after implantation in vivo, the 
basic TEC which did not receive ex vivo stimulation toward 
chondrogenic differentiation appears to have evolved the 
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Fig. 6 Mechanical assessment of in vivo TEC implantation on chondral 
defect. (a, b) Tangent modules of normal cartilage (N = 11), the chondral 
lesion in TEC treated group (N = 7) and that in untreated group (N = 4) at 
compression rate of 4 m/s (a) and 100 m/s (b). : p = 0.019, §: p = 0.019, †: 
p = 0.023, N.S. not significance. There was no significant difference 
between the tangent modulus of repaired tissue treated with TEC and that 
of normal cartilage at both rates (p = 0.222, p = 0.297, respectively).  

(c) The surface view of normal cartilage and chondral lesion in TEC treated 
group by digital microscope. Bar = 100 m. (d) Frictional coefficient of 
normal cartilage (N = 11) and the chondral lesion in TEC treated group 
(N = 7) at the beginning of the friction test immediately after the application 
of compressive force of 0.88 N. There was no significant difference 
between the friction test of repaired tissue treated with TEC (0.039 ± 0.026) 
and normal cartilage (0.065 ± 0.038) (p = 0.113). N.S. not significant
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matrix composition to that of a more chondrogenic tissue. 
The findings from in vitro chondrogenesis experiments sug-
gest that local biological and mechanical environment fac-
tors may facilitate degradation of the “old” matrix followed 
by the synthesis of a new chondrogenic matrix, thus leading 
to an overall phenotypic change of the matrix within the 
TEC during chondrogenic differentiation in vivo.

The series of in vitro experiments reported in the present 
study suggest that the TEC maybe plastic, adhesive, and capa-
ble of chondrogenic differentiation and could be a unique and 
promising implant for cartilage repair. This possibility was 
confirmed following assessment of TEC implanted in vivo 
into porcine chondral defects. The TEC firmly attached to the 
surface of injured cartilage at the initial stage of implantation, 
and thus a sutureless implantation was possible. Hereafter, the 
TEC maintained good tissue integration to the adjacent carti-
lage matrix and the repair tissue exhibited chondrogenic dif-
ferentiation without any evidence of central necrosis up to 
6 months after implantation. This biological integration was 
already evident 3 months after implantation. Using the modi-
fied International Cartilage Repair Society (ICRS) histologi-
cal score [26], it was shown that the repair tissue with the 
TEC implants was histologically superior compared to that of 
the control lesions in all aspects and implantation of the TEC 
appeared to prevent progression of the defects toward overt 
osteoarthritis. Biomechanical analysis also revealed that the 
tissue repaired with the TEC implant exhibited modulus and 
frictional properties similar to the properties of normal carti-
lage. To our knowledge, this study was the first demonstration 
of a successful MSC-based therapy for repair of a chondral 
injury without breaching the subchondral plate.

It is notable that the implantation of the TEC without any 
pretreatment to promote a specific differentiation pathway 
resulted in tissue repair associated with an active chondro-
genic differentiation response, although the repaired tissue 
still contained fibrous tissue, mainly at the surface or super-
ficial zone. Obviously, one caveat in the therapeutic use of 
progenitor cells is that such use involves the potential risk of 
unintended differentiation and formation of tissues inappro-
priate for the application intended.

However, the implanted TEC did not exhibit any such 
inappropriate phenotypic changes. While the mechanisms 
underlying the success obtained thus far are still not clearly 
delineated, it should be noted that the animal model used in 
the present study involves a chondral injury which does not 
breach the subchondral plate and thus, a relatively bleeding-
free environment at the site of the lesion might be involved in 
such specific chondrogenic differentiation in vivo rather than 
fibrocartilage development. However, to attain a more exten-
sive chondrogenic differentiation response including surface 
area, some biological manipulation of the TEC maybe 
required before implantation to further optimize the rate and 
extent of repair, and this approach is one of our next steps.  

In addition, the use of TEC in the repair of osteochrondral 
defects is currently underway.

A potential limitation of the present study was that it used 
immature animals for the in vivo experiments, and conse-
quently the active chondrogenic differentiation response 
observed might have been influenced by the maturity of the 
pigs. However, our preliminary studies using mature pigs in 
the same chondral defect model showed that repair tissue 
after TEC implantation exhibited similar levels of chondro-
genic differentiation and integration as was observed in the 
immature porcine experiments reported here. Therefore, we 
believe that the maturity of the pigs did not influence the 
pivotal conclusions formed from the present studies.

In conclusion, we have demonstrated the characteristics 
of a scaffold-free 3D synthetic tissue (TEC) derived from the 
cultured synovium-derived MSCs as a unique and promising 
implant for cartilage repair [1, 2]. Due to the scaffold-free 
nature of the in vitro generated structure, implantation of the 
TEC could yield more long-term safety and efficacy than 
that derived from scaffold-based cell therapies. Being a col-
lagen I rich matrix, the basic TEC construct could be suitable 
for augmenting repair of compromised skin, or enhancing 
the repair of ligaments or tendons, which are also collagen I 
rich. Since the TEC also has osteogenic or adipogenic dif-
ferentiation capacity, the basic TEC could also be used for 
other applications. Moreover, the TEC can be developed 
from MSCs derived from other tissues, such as adipose tis-
sue, and these have characteristics similar to those of the 
synovium-derived TEC. Therefore, tissue engineering using 
the TEC technology could potentially provide a variety of 
therapeutic interventions in regenerative medicine for a vari-
ety of tissue applications using MSC from different sources.
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PRGF in the Cartilage Defects in the Knee Joint

Matteo Ghiara, Mario Mosconi, and Francesco Benazzo 

Traumatic Injuries and Healing

The cellular and molecular events resulting after a traumatic 
injury include four important phases, that is:

Inflammation phase
Proliferation and migration of the cells (platelets, mono-
cytes, lymphocytes)
Angiogenesis and granulation tissue formation
Matrix formation and remodelling

This cascade of events begins after the injury by the secre-
tion of a pool of growth factors, cytokines and proteins from 
the serum and degranulating platelets [3].

The healing is a dynamic process based on interaction of 
haematologic cells (platelets, leukocytes, monocytes), tissue 
cells (macrophages, endothelial cells, fibroblast), mediators 
of inflammation (cytokines, GF), and molecules of extracel-
lular matrix. Particularly, the haematologic cells have these 
functions:

Platelets have a haemostatic function for the formation of 
the clot.
Monocytes carry out phagocytosis.
Lymphocytes are responsible of the regulation of tissue 
remodelling.

Platelets and Growth Factors

Growth Factors (GF) are a heterogeneous group of signal 
proteins produced by different tissues, important for mitosis 
activation of the cells, cellular differentiation and synthesis 
of the matrix proteins; so it is clear that GF play an important 
role in tissue repair.

Growth factors, after secretion by the cells, have a short 
life in the tissues and they have a rapid wash-out system from 
the blood; these two pharmacokinetics properties of growth 
factors determine a rapid disappearance of GF from the blood 
and their effect is principally in the site of lesion.
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But which cells are rich in GF? GF are contained in plate-
lets, particularly in small cytoplasmic organs called -granuli, 
secreted by platelets after the activation by the contact with 
collagenous fibres. The initial blood clot, formed in the site 
of lesion, acts as a reservoir of GF, required for later stages 
of the healing process [3]. Platelets arrive early in the site of 
lesion and represent delivery cells of GF.

Action mechanism of GF depends on a specific receptor, 
activated by the molecular bond.

The activation type changes in accordance with: target cell; 
bond of GF with the different cellular receptors (every cell has 
receptors for different GF); biological function of the cell. Every 
GF activates its specific receptors through direct physical inter-
action with extracellular domain of transmembrane receptors; 
the receptorial activation determines a cascade of intracellular 
transductions inducing the passage of signal proteins into the 
nucleus. The result is the expression of new genes modifying 
properties of target cell. The effects of GF can be different:

Autocrine: effect on the cell producing GF or on the same 
type of cells (e.g. GF produced by osteoblasts stimulate 
other osteoblasts)
Paracrine: effect on the adjacent cells belonging to a dif-
ferent phenotype (e.g. GF produced by osteoblasts stimu-
late osteoclasts)
Endocrine: effect on cells belonging to different pheno-
type and located in far tissues (e.g. GF produced by brain 
tissue stimulate osteoblasts)

GF and cytokines attend to all phases of the healing process 
and, although the role of all GF involved in tissue regenera-
tion is only partially elucidated, the potential benefits of 
many of them have been demonstrated:

Platelet-derived growth factor (PDGF) is an important 
mitogenic agent for connective tissue.
Transforming growth factor-beta (TGF-beta) stimulates 
the proliferation of the osteoprogenitors cells and regu-
lated matrix-degrading enzymes.
Insulin-like growth factor (IGF-1) is an anabolic media-
tor, promotes the activation of osteoblasts and stimulates 
the cartilage.
Vascular endothelial growth factor (VEGF) initiates the 
angiogenic response.
Epidermal growth factors (EGF) stimulate proliferation 
of fibroblast and of mesoderm cells derived.
Osteoprotein-1 (OP-1) induces cartilage and bone 
formation.
rh-BMP-2,7 (recombinant bone morphogenic proteins 
2 and 7) induces growth of mesenchymal stem cells and 
their differentiation to chondroblasts, induces expression 
of cartilage and bone markers.
Basic fibroblast growth factors (b-FGF) stimulate mitosis 
of chondrocytes [5].

Other important GF are represented by Fibroblast Growth 
Factor (FGF), Colony Stimulating Factor (CSF) and some 
hormones like GH, insulin, thyroid hormones and steroid 
hormones.

One critical point is that a range of GF, cytokines and pro-
tein are likely to be required according to the complex intri-
cacy of the healing and tissue repairing processes. This point 
gives prominence to the importance of the whole of GF with-
out the hope of finding a single resolutive growth factor.

Platelets constitute a potential source of multiple autolo-
gous growth factors and proteins and they can be easily 
obtained from patient’s blood after centrifugation process.

Platelet-Rich Preparations

These two properties described above allow using the plate-
lets like a resource of GF, obtainable with a simple blood 
drawn from the patient affected by a lesion.

Platelet gel is produced by a concentration and an aggre-
gation of platelets and adding biological (thrombin) or phar-
macological (batroxabin) elements.

Thrombin is derived from bovine plasma and allows the 
activation of platelets to degranulate through the bond with 
thrombin receptors on the platelet surface. Thrombin acts on 
coagulation factors, so now calcium chloride is usually used 
to avoid dangerous coagulopathies.

The drawing of blood from the patient avoids the risk of 
rejection such as the biocompatibility of the scaffold on which 
the concentrated platelets are integrated. Platelet-rich prepa-
rations are characterized by plasticity and mouldable versatil-
ity in the site of application and by an elevated concentration 
of growth factors. This point is important to allow cell prolif-
eration and lesion repair (bone, muscle or skin).

The development of versatile therapeutic formulations 
that can control the local dose and spatiotemporal release of 
GF to the injured tissue is essential to achieve a successful 
outcome; it is possible through the strength of ionic forces 
created by the addition of biomaterials with opposite charges 
in front of GF, for example calcium sulphate [2].

The importance of platelet-related-growth-factors become, 
by their effects, not only mitogenic, but also angiogenic, anti-
bacterial and anti-inflammatory.

The addition of platelet-rich plasma to tricalcium phos-
phate significantly increases the bone area, so this point sug-
gests the idea that the main function of platelet-rich products 
is to accelerate bone regeneration [4].

The versatility of PRGF allows use for treatment of chronic 
ulcers and bone and soft tissue regeneration. Particularly 
in orthopaedic field, PRGF accelerate healing process and 
avoid further degeneration of bone, cartilage, tendons and 
ligaments. For example platelet-rich preparations can be 
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used during a tendon suture or a ligament reconstruction 
(ACL) or for treatment of avascular tissues like cartilage 
with the purpose of acceleration in functional recovery.

Joint Cartilage Defects

Joint cartilage is a hypocellular and avascular tissue, with 
viscoelastic properties to provide a smooth, low-friction 
surface to minimize the peak stress on the underlying sub-
chondral bone.

The superficial zone of hyaline cartilage consists of flat-
tened chondrocytes and type II collagen fibres oriented paral-
lel to the articular surface to provide resistance to shear 
forces.

Chondrocyte biolatency, avascularity and limited access 
to underlying subchondral bone result in difficult healing 
and regeneration of cartilage.

For the treatment of symptomatic focal cartilage defects 
in the knee, there are many approaches:

Joint arthroplasty (partial or total).
Arthroscopic marrow stimulation and microfractures.
Osteochondral allograft transplantation (large lesion).
Autologous chondrocytes culturing and expansion in vitro 
and subsequent reimplantation; transfer of osteochondral 
plugs can be arthroscopic or mini-open.

After clinical evidence of the success of GF in arthroscopic 
anterior cruciate ligament reconstruction and in Achilles 
tendon rupture repair [6], Sanchez et al. [1] described a new 
application of this technique for the treatment of cartilage 
injury of an adolescent soccer player. The treatment consists 
of arthroscopic reattachment of the large loose chondral 
body in its crater with the injection of autologous plasma 
rich in growth factors into the area between the crater and 
the fixed fragment; the result was the rapid resumption of 
symptom-free athletic activity.

The mitogenic and angiogenic effects of GF need an exact 
implant of GF into the site of lesion: the scaffold, full of 
biological active elements, maintain GF in the site of defects, 
so GF can act to enhance the cell density by chemotaxis and 
cellular mitosis. All these circumstances may potentially 
stimulate the regeneration of cartilage [1].

The production of new articular cartilage can be facili-
tated by the engineering techniques but three components are 
necessary: [5]:

A source of chondroprogenitors, phenotypically stable, 
nonimmunogenic and responsive to anabolic signals

A scaffold capable of retaining chondroprogenitor cells at 
the site of defects
Bioactive elements like growth factors [5]

The effects of GF at the site of injury can be anabolic or cata-
bolic: GF stimulate the synthesis of matrix, the preservation of 
chondrocyte phenotype by chondroprogenitors and their dif-
ferentiation, and finally, the cellular migration in the site. GF 
prevent the cellular death and limit cellular degradation [5].

Some GF has a specific action for the regeneration of car-
tilage, particularly they are IGF-1, TGF-beta, OP-1, rh-
BMP-2,7, EGF and Bfgf [5]. Their specific action in the 
mechanism was explained in the second subsection.

Several surgical options have emerged using biologic 
and synthetic scaffold to enhance cartilage restoration, for 
example:

BST- carGel
ACI-Hyalograft C
Matrix-induced autologous chondrocyte implantation 
(MACI)
Trufit Bone Graft Substitute Plugs

However, every technique requires an accurate preparation of 
the site of implant because the scaffold should be layed in a site 
with defined borders and in contact with undamaged cartilage.

The addition of GF improves repair tissue, particularly of 
cartilage; the tissue, which is formed, is like mature hyaline 
cartilage than fibrocartilage [5], so it should functionally 
resemble the anatomic tissue.
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Epidemiology and Anatomy of Stress Fractures

Aharon S. Finestone and Charles Milgrom 

Introduction

Stress fractures are endemic in two populations: soldiers and 
athletes. Both populations exercise, run, jump, etc., but 
beyond that, little is similar. From the moment of their mili-
tary induction, recruits carry varying amounts of gear, for up 
to 20 h a day, and sometimes even more. They have to wear 
heavy uniform and boots to which they are unaccustomed 
and do not choose. They have to train at a pace set by the 
platoon or its commander. Sleep deprivation [72] and dietary 
modification (the need to eat a set menu in a limited time 
interval, etc., are also common in the military [15]). All these 
factors together affect the recruits suddenly in the short 
period of basic training.

Athletes, on the other hand, train in a relatively protective 
environment. They tend to do things that they are good at and 
like. They usually have much more liberty deciding how 
much they train, and their coach tailors their training pro-
gram to their specific needs. It is rare for an athlete to train 
for more than 5 h a day, and there is usually no dietary prob-
lem (other than possible eating disorders). Their training is 
spread over months, and even the pre-seasonal training burst 
is nowhere near the shock the recruits’ musculoskeletal sys-
tem is exposed to.

In the military, medical assistance is also given by military 
clinicians only, with relatively standardized protocols [54]. 
Athletes frequently go to different clinicians who diagnose 
and treat them by different protocols.

When discussing the epidemiology of stress fractures, 
these differences between the military and athletes add up to 
the fact that the data in the two populations are not compa-
rable. Data in recruits is relatively repeatable (they all do the 
same, in the same boots, with the same gear, etc.), whereas 
every athlete trains his own way, at his own pace, using his 
own preferred equipment. Much of the data on overuse inju-
ries in athletes is based on questionnaires [56] and not on 
prospective studies. Other data on athletes are case series 
[11] giving important data on single or clusters of subjects, 
but not population-based data. Medical record reviews [27] 
would obviously give the best epidemiological data, if they 
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were well designed, but relating the medical record to exactly 
when the athlete trained and how, is a difficult research 
endeavor and defining the denominator for prevalence stud-
ies is always an issue. As a result, most reliable stress frac-
ture epidemiological data is from the military [51]. How 
relevant data from the military are to athletes is a question, 
which the clinician will have to decide for him/herself.

Historical Perspective

Stress fractures were first described in the military. Breithaupt, 
a Prussian surgeon noted persistently edematous and painful 
feet in soldiers following forced marches [9]. He called it fuss-
geschwulst and presumed it to be inflammation of the tendon 
sheaths due to the strains occurring during marching. Several 
other theories were put forward during the following 40 years 
[50]. Two years after Wilhelm Röntgen discovered x-rays in 
1895, Stechow demonstrated that the swelling noted by 
Breithaupt was actually metatarsal fractures in 35 patients [69]. 
There are no known reports on stress fractures in the long bones 
before 1929 [29]. Asal [2] in 1936 reported an excess of stress 
fractures in German recruits that he related to the intensive 
training prior to the Second World War. He states that in nor-
mal times they might see 20 stress fractures per 100,000 sol-
diers, but now the hospital in Dresden saw 153 stress fractures 
and 69 shin splints. Later, Sheller [66] reported on 590 stress 
fractures in the German army from 1935 to 1936 [29, 60]. 
Eighty-three percent (488) were metatarsal, 12% (70) tibial, 
13 femoral, 12 fibular, 4 calcaneal, and 3 in the pelvis. By the 
Second World War, long bone stress fractures were also well 
reported in the English literature [29, 44]. The calcaneus [32] 
was found to have a relatively high incidence of stress fracture 
in some units particularly in the US army probably related to 
the tradition of “digging in those heels” during drills [43].

Up till the 1930s, stress fractures were assumed to be a 
military disease, even though Jansen, in his 1926 monolog on 
“March foot” does mention a housemaid with a fourth meta-
tarsal stress fracture related to some intrinsic foot weakness 
[33]. Asal hinted that there may have been stress fractures in 
the German youth movements but they were probably doing 
more military-like training [2]. One of the early reports on ath-
letes is Burrow’s description of the “runner’s fracture” in the 
fibula [13]. With wider participation in competitive sports [35] 
and probably more available medical and diagnostic services, 
stress fractures have become a major health issue for athletes. 
It has been estimated that by the 1980s, 10% of athletes’ inju-
ries are stress fractures [48]. Along with this trend in athletes, 
another trend has been noted in the military. The classical 
“March foot” characteristic of the earlier years of stress frac-
tures in the military has been replaced by more fractures in the 
long bones [24], a pattern similar to that seen in athletes. This 
may be related to a change in training patterns, specifically 
more running and less marching and drill training. The more 

widespread use of scintigraphy to diagnose stress fractures has 
also had an impact on the observed epidemiology. Plain radio-
graphs are much less sensitive in identifying long bone stress 
fractures and may have missed many low grade fractures.

Epidemiological Issues

A main issue in epidemiology is the difference between inci-
dence (new cases in a time frame) and prevalence (existing 
cases at point in time). These measures need both an accurate 
repeatable and accepted definition of the disease and an 
accurate estimate of the size of the population at risk for their 
calculation. Furthermore, it is necessary to define and com-
pare exposure duration and intensity. Many publications on 
stress fractures are missing some or all of these elements.

Prospective studies from the military usually have the benefit 
of a defined group of subjects at risk [36, 43, 55, 67], but the 
differences between training methods obviously make compari-
sons problematic. The definition of stress fractures can include 
only radiographically proven fractures, or also scintigraphically 
proven fractures or MRI proven fractures, even if they never 
show up on x-ray. Stress fractures diagnosed solely on their 
clinical presentation, even without scintigraphic findings are 
being accepted as an indication for limited duty in some armies. 
As time off duty is monitored, these are also counted in the 
stress fracture incidence, making things even less objective.

There are very few prospective studies among athletes. 
Much of what has been published does not give the popula-
tion at risk [68]. Other data are based on questionnaires [3, 56] 
or review of medical records [27, 46]. Both these methods 
have inherent problems, particularly difficulty in assessing 
activity duration and intensity. The data from questionnaires 
is best labeled prevalence [68].

Some subjects have more than one stress fracture, at the 
same time or over time. Most authorities recommend that 
stress fracture incidence be reported as the number of sub-
jects with at least one stress fracture in the time period defined. 
The distribution of types of stress fractures (location) will be 
the percentage of all fractures (and not subjects) [7, 19, 68].

Another major factor in study design is the difference 
between active and passive surveillance. For a variety of rea-
sons, active surveillance can provide estimates more than 
twice as high as passive surveillance. This is true both for 
athletic and military populations [1, 68].

Another factor worth noting is that most stress fractures 
heal inadvertently without any sequel.

Gender and Ethnicity

Women are more prone to stress fractures. Their increased 
susceptibility is from 1.3 to over 10 both in athletes and the 
military [18, 23, 36, 41, 47, 59]. In the military, they have 
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also been noted to have a higher prevalence of “unusual” 
stress fractures such as in the pelvis that are rarely found in 
males [30]. Several explanations have been proposed, includ-
ing differences in bone mineral density [4] possibly related to 
hormonal differences. A likely contributing factor in the mil-
itary is their smaller bodybuild and leg length together with 
the fact that they are demanded to carry gear sized for men, 
and keep up with men on marches. An important factor that 
must not be missed is the female athlete triad (eating disor-
der, menstrual dysfunction, and bone mineral disorders) [71]. 
Black women and men are less susceptible to stress fracture 
[21, 42] probably because of their increased bone size.

Stress Fractures in the Military

Incidence of stress fractures is based on military reports and 
ranges from 1% to 62% [5, 26, 37, 45, 53, 65, 67] depending 
on the unit [19] and year. The 62% was taken from a prospec-
tive study from Finland where a random sample of a para-
trooper was diagnosed by scintigraphy [67]. Several reports of 
prospective studies on infantry recruits in the Israel Defense 
Forces demonstrate rates of 24–31%, but ongoing surveillance 
reports are in the 5–10% range [16, 17, 20, 55]. Royal marines 
recruits have about 7%, 50–60% of them metatarsal and 30% 
tibial [63]. A similar incidence of 7% has recently been reported 
in the US marines [62]. The US and Australian army recruits 
typically have 1–2% stress fracture reported rates [10, 61, 64].

Stress Fractures in Runners

In a prospective study of track and field athletes, Bennell found 
22% and 20% stress fractures incidences in women and men 
over a 12-month observation period, the highest incidence being 

in distance running [6]. Injury frequencies reported by runners 
are as high as 33% in 1 year [40] and 53% in 10 years [39]. 
Most of these injuries however are not secondary to overuse. 
Of overuse injuries, the most frequent site is the knee [39].

In training for a marathon, 85% of the trainees had at least 
one injury, but with only a small percentage being stress 
fracture [8]. Extrapolation of this data and that of other stud-
ies [12] lead to a overall annual 4.6% rate of stress fractures 
in runners [68], though this will be mileage dependant [8].

Stress Fractures in Other Sports

Stress fractures occur in varying amounts in all field sports 
that include running, whether as part of the actual sport, or 
part of the training program, but there is no consistent 
data, probably because of the variability of the programs. 
Ballet dancers have a high rate of stress fractures, up to 
61% [22, 38, 70], with some reports demonstrating more 
in the tibia, and some in the metatarsals [38]. Elite gym-
nasts can also have a high stress fracture rate with 16% of 
men diagnosed in 3 years training and 24% women during 
2 years training [14]. World class ice skaters have high 
stress fracture rates, more than 20% during a career [58].

Anatomical Location of Stress Fractures

Regarding which bone is fractured, there is abundant data 
reflecting the many case series that have been published. 
Data from various series are presented in Table 1. In general, 
it may be stated that stress fractures in the military were first 
observed in the feet (metatarsals and calcaneus) but over the 
years femoral stress fractures started to dominate, and later 
tibial stress fractures. Contemporary reports from most 

Table 1 Stress fracture anatomical locations in various studies

Population Nos. Tibia Fibula Femur Tarsus Meta-tarsals Calcaneus Other Source Year

Soldiers 136 32 – 43 – – – 25 Hallel [28] 1976

Female 
athletes

16 62 19 6 – 13 – – Orava [57] 1981

Soldiers 339 27 4 9 1 28 25 6 Brudvig [10] 1983

Soldiers 1,315 48 2 7 – 14 22 7 Sahi [65] 1984

Runners – 34 24 14 2 20 – 6 McBryde [48, 49] 1985

Soldiers – 71 – 25 – 2 – – Giladi [24] 1985

Athletes 368 49 12 6 3 20 – 10 Hulkko [31] 1987

Soldiers 141 57 1 33 – 9 – – Finestone [19] 1991

Athletes 34 38 – 23 12 21 3 3 Johnson [34] 1993

Female 
soldiers

247 37 2 16 23 16 – 6 Hod [30] 2006
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armies show a pattern more similar to that of athletes. In ath-
letic populations (mainly running and field sports) the classic 
location has always been the tibia, with much fewer fractures 
in the femur and other locations, possibly with the exception 
of ballet dancers [38]. The phenomena of multiple stress 
fractures present in the same individual has also been 
described [73], with up to 13 stress fractures in one individ-
ual [52], as well as recurrent stress fractures in the same indi-
vidual [25]. After the healing of a stress fracture, the site is 
protected from further stress fracture [25].

Conclusion

There is high variability in stress fracture incidence as reported 
in numerous studies. Even in the military, in specific units, 
where soldiers are supposedly doing exactly the same, course 
after course, there are great annual variations. Data on athletes 
is sparse and discipline specific. They should not be consid-
ered to be representative across disciplines or even in different 
environments. Data regarding anatomic locations indicate that 
nowadays, most military trainees and athletes have similar 
patterns, led by the tibia (60%), and followed by the femur 
(25%). Knowledge of the epidemiology of stress fractures can 
help the clinician in diagnosing and treatment, but the clini-
cian is usually appraising an individual with a specific com-
plaint, which makes the epidemiologic data less important.
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Diagnosis and Treatment of Stress Fractures

Aharon S. Finestone and Charles Milgrom 

Introduction

One of my earlier memories of stress fracture diagnosis is 
the lesson I learnt from my mentor1 early in our joint work on 
stress fractures. He told me that he had repeatedly tested his 
accuracy in diagnosing tibial stress fractures clinically, and 
found it to be 53–58%. If one of the more prominent clini-
cians and researchers in the field of stress fractures cannot 
clear the 60% bar, how accurate can less experienced clini-
cians expect to be?

Over the years, we spent innumerous 18 h days examin-
ing recruits in the field, gaining clinical experience and data. 
In this chapter I attempt to convey some of the many lessons 
learnt during our joint work, much of which has been pub-
lished by others and by us. The algorithms relate to the man-
agement of the vast majority of stress fracture a clinician is 
likely to see, that is, of the femur, of the tibia, and of the 
metatarsals [29].

Considerations in Making Clinical  
Algorithms for Stress Fractures

This section is somewhat technical and may not interest 
some clinicians more interested in getting down to treating 
the patients. It maybe skipped, but we feel that understand-
ing the concepts will give the clinician better tools for the 
more difficult cases.

In many fields in medicine, there is a clear separation 
between the diagnostic stage of management and the thera-
peutic stage. Nothing could be further from truth regarding 
stress fractures. A significant part of the diagnosis is based 
on how the patient responds to treatment (partial rest) and the 
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timing of imaging is important, both for its accuracy and its 
effectiveness. Therefore, it is more appropriate to discuss 
stress fracture management than to discuss diagnosis and 
treatment separately.

Three factors affect the diagnosis stress fractures. The 
first relates to how likely a certain clinical pattern might be 
related to a stress fracture, and how dangerous might that 
fracture be. This is basically related to the risk of underdiag-
nosis or missing a stress fracture (false negative error). The 
second relates to overtreatment. As the treatment of 99% of 
stress fractures is partial rest, this is basically how much rest 
should be prescribed and the consequence of prescribing rest 
unduly to the patients’ training program or lifestyle/occupa-
tion (false positive error). The third factor relates to the price 
of various diagnostic modalities. This might be the direct 
cost, or it might be secondary to availability. When using 
radiography, computerized tomography and scintigraphy, 
one must also be aware of the amount and the implications of 
ionizing radiation [36].

Regarding risk: stress fractures occur in many different 
areas in the skeleton. They differ in their severity or grading, 
their anatomical location, and therefore how dangerous they 
are. The clinician assessing a patient will need to consider the 
specific likelihood of a specific stress fracture in a specific 
location based on the epidemiology of stress fractures in a par-
ticular field of training. These will affect how aggressive one 
should be in making an accurate diagnosis. Specifically, dis-
placed medial tibial stress fractures are relatively rare, so with 
a patient with a questionable finding in the tibia, one might 
reduce a patients’ training for a couple of weeks and see what 
happens. Due to the greater likelihood of a femoral stress frac-
ture displacing [15], with the higher morbidity involved, the 
clinician should be wary of missing such a fracture, and be 
much more aggressive in ruling it out [18].

A clinician treating a tourist with pain and tenderness 
over his metatarsals, after roaming about Paris, can safely 
limit his diagnostic workup to a plain x-ray. Even though a 
complete workup might include a bone scan to verify or 
rule out a metatarsal stress fracture, this would seem to be 
overdoing it, and a recommendation to take it easy, refrain-
ing from pain-inducing activities for 2 weeks is probably 
more appropriate. The more academic clinician might repeat 
the x-ray after 3 weeks. Obviously, the sportsman training 
for an upcoming competition would not want to take off 
training for a mild suspicion, so the use of diagnostic proce-
dures would be more aggressive.

The cost of different tests varies enormously between 
areas, as do the patients’ medical insurance coverage. The 
availability of the different modalities is also location 
dependent, and therefore the effect of these will have to be 
worked out between the clinician and the patient. Ionizing 
radiation has a clear potential detrimental effect on our 
health. It is estimated that 2–3% of cancer is related to 

radiation from medical imaging [5,34]. Bone scintigraphy 
gives a patient a dose of radiation equivalent to 250–300 
chest x-rays, with a 1/4,000 increase in the likelihood of 
dying from a related malignancy [34]. Even though the use 
of scintigraphic scan in the correct clinical setup can be 
diagnostically rewarding and therefore worth the risk, radi-
ation data must be taken into account. This is especially 
true in some branches of training, where a patient is prone 
to return within a couple of months with complaints likely 
to need another bone scan. A rule of thumb is not to per-
form more than one scan in 12 months.

The three algorithms presented in this chapter cover the 
most common types of stress fractures and probably more 
than 95% of the complaints that might indicate the presence 
of stress fracture. The tibial algorithm is clearly the most 
complicated. The reasons for this is the high prevalence of 
tibial complaints in runners and military recruits and the 
low risk of significant morbidity related to a tibial stress 
fracture with a normal x-ray.

All this said, diagnosing stress fractures is a clinical bed-
side skill that needs practice, both in history taking and in 
examination. The more experienced the clinician is, the less he 
will need to use imaging. But correct management of a single 
patient, taking into account all the parameters, will frequently 
be a challenge even to the most experienced clinician.

History and Clinical Examination

With exercise-related skeletal complaints, it is obviously 
necessary to take a detailed history of the physical activity 
during the preceding weeks. In most cases of stress fracture, 
there have been increases or changes in physical activity. 
Recruits doing basic training [40] or the tourist who develops 
a frank metatarsal stress fracture after a week of roaming 
Paris [14] are obvious cases. A more subtle case was a 
50-year-old man who had been running a regular route for 
years. A few weeks after he started running the same route 
with his new dog he develop night (in bed) discomfort in his 
thigh, which was subsequently found to be a femoral stress 
fracture on x-ray. The change in pattern due to the dog’s pull 
on her leash was probably responsible. In all, anyone train-
ing seriously (mainly running and ball sports) with bone pain 
should be suspected of having a stress fracture.

The examination includes localizing the pain and elicit-
ing tenderness. Further information maybe derived from 
specific tests such as the fulcrum tests and the fist test for 
the femur [28]. If necessary, imaging maybe ordered, but 
many stress fractures maybe managed without imaging [7]. 
Noticeably, Breithaupt, the Prussian surgeon who first 
described stress fractures in 1855 [4], did so 40 years before 
x-rays were discovered.
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Imaging

Imaging is an important adjuvant in clinical decision making 
regarding stress fractures. Its effective and efficient use requires 
that the clinician not only be knowledgeable about the advan-
tages and disadvantages of each modality for different bones, 
but also be able to evaluate the images him/herself. Without a 
direct comparison of the x-ray or the bone scan with the patient’s 
leg, it is not possible to make a good clinical decision (quote: 
the x-ray is the orthopedist’s extended physical examination).

Over the years, stress fracture diagnosis in infantry recruits 
in the Israel Defense Forces (IDF) has changed. During the 
1980s and early 1990s most of the imaging was based on scin-
tigraphy [27, 29]. The consequence of this was that in units 
where training was very demanding, more than 60% of the 
recruits might have a bone scan during basic training. With the 
realization of the radiation risk involved in this diagnostic pro-
tocol, it was revised based on the epidemiology of stress frac-
tures in the IDF, and the relative danger of each type of fracture. 
In the femur, any suspected stress fracture is diagnosed with 
scintigraphy due to the danger of a stress fracture developing 
into a frank fracture. As displaced metatarsal fractures do not 
carry serious morbidity, they are managed by radiography 
alone. Displaced medial tibial stress fractures are extremely 
rare, and the problematic tibial stress fractures involve the 
anterior cortex and show up on radiography (e.g., the “dreaded 
black line” [8, 19]). Their management is therefore based on 
repeat radiography with partial rest, under the assumption that 
a normal radiograph after 3 weeks rules out any major pathol-
ogy. Obstinate cases only will be referred for scintigraphy.

X-rays are readily available in most clinical settings (prob-
ably with the exception of smaller military training installa-
tions). Radiography of extremities does not create a significant 
radiation hazard [34], and is therefore a first-line investiga-
tion in the tibia [7], fibula and metatarsals. The main problem 
with radiography is that despite its high specificity, it has the 
drawback of being relatively insensitive. It can only visualize 
a macro stress fracture or periosteal strengthening of bone 
during stress fracture healing. The latter reaction is usually 
not seen in the tibia, fibula, or metatarsals during the first 
2–3 weeks of symptoms [10,13]. For this reason, in the days 
before scintigraphy was available, any trainee with signs and 
symptoms of a stress fracture would be x-rayed, and even if 
the x-ray was normal, they would have to be grounded for 
3 weeks until a follow-up x-ray was also normal [13]. X-ray 
findings can include periosteal reactions, particularly in the 
long bones, localized bone absorption and focal sclerosis, 
often band-like, in cancellous bone. The sensitivity of x-rays 
after 3 weeks is much higher. One can frequently see the 
beginning of callus formation at this time.

Bone scintigraphy, available since the 1970s, has revolution-
ized the approach to stress fracture diagnosis and treatment. The 
most common protocol includes the injection of 20 mCi 

of methylene diphosphonate labeled with 99mtechnetium. The 
diphosphonate is incorporated in the mineralization front of 
bone. A gamma camera scan after 2–3 h picks up the radiation 
from the 99mTc and demonstrates any area of excess bone forma-
tion. Bone scintigraphy is, therefore, extremely sensitive even 
for early stress fractures [17]. Although there have been some 
reports of negative scans in cases where the diagnosis of a stress 
fracture was eventually made [25,41], for all practical purposes 
a negative scan rules out a stress fracture and enables return to 
training (possibly with the exception of the femoral neck) [41]. 
Beyond its sensitivity, scintigraphy has two other important 
advantages. The first advantage is that scintigraphy usually cov-
ers the whole body (or at least should include both lower 
extremities and the spine), areas of concomitant training induced 
bony pathology. This is particularly important in military 
recruits who frequently have more than one stress fracture 
[26,47]. A recruit might have a painful tibial stress fracture, but 
be unaware of an underlying less symptomatic or asymptomatic 
femoral stress fracture due to pain shielding [15,28]. The sec-
ond advantage of scintigraphy is related to the fact that it reflects 
quantitative bone remodeling activity. This enables the grading 
of stress fractures of the long bones in a manner directly related 
to the severity of the lesion. The most commonly used grading 
is that of Zwas (Fig. 1) [47]. It is based on a two-dimensional 
concept of the bone as follows:

I.  Ill-defined cortical lesion with slightly increased 
activity

II.  Larger, well-defined elongated cortical area of moder-
ately increased activity (not as far as the center of the 
bone)

III.  Wide fusiform corticomedullary area of highly increased 
activity (reaches the bone midline)

IV.  Well-defined intramedullary transcortical lesion with 
intensely increased activity (passes the midline)

These grades were indicative of a fracture detectable on 
radiography in 4%, 21%, 76% and 100% of the stress frac-
tures, respectively. When assessing femoral neck stress 
fractures SPECT can be helpful [9], but in most cases of 
stress fractures, planar scintigraphy is adequate.

Fig. 1 Scintigraphy stress fracture (According to Zwas et al. [47]. 
Reproduced with permission from J. Nucl. Med.)



778 A.S. Finestone and C. Milgrom

The clinician should view the bone scan himself. While 
most hot spots are straightforward, hot spots on the lateral cor-
tex of the femur or the tibia might represent a tumor (benign or 
malignant). A symmetrical bilateral finding is not suspicious 
for tumor, but any other should be investigated with radiogra-
phy [14] even if no tenderness can be elicited. The most fre-
quent finding in this context is a non-ossifying fibroma.

The follow-up of stress fractures is usually clinical (with-
out imaging). If imaging is necessary, x-rays are usually 
adequate. Follow-up never necessitates a bone scan, as the 
bone scan can remain positive for many months, and of 
course each bone scan adds radiation hazard.

Some of the other imaging techniques have specific indi-
cations. CT scans can be helpful with the tarsal bones, and on 
rare occasions maybe indicated for follow-up of a femoral 
neck stress fracture, where there is pressure to return to train-
ing. MRI, where available, is very sensitive. The diagnosis 
and grading are based on Fredericson’s classification using 
periosteal and bone marrow edema for classifying grades 
I–III and intracortical signal abnormalities for grade IV [16]. 
The main disadvantage of MRI is that it generally does not 
demonstrate cortical bone well (most MRI sequences are 
based on hydrogen ions, that are not too abundant in dry cor-
tical bone). In the foot, specifically, CT has been shown to be 
a better choice for identifying most pathologies [42].

Ultrasound has been utilized in two ways. One is using 
standard diagnostic US, characteristically on the tibia and 
metatarsals demonstrating a periosteal reaction of a crack 
[2]. It is validated only in the metatarsals, where its benefit is 
not too impressive [2]. The other modality is using the thera-
peutic US used by the physiotherapists, using pain as an indi-
cation of a stress fracture [3]. This method is not validated 
and clearly not accurate. Therefore, neither of these tech-
niques is mainstream in most clinics.

Stress Fracture Treatment Overview

The treatment of stress fractures is generally rest from the 
activity that caused the fracture. This is true for almost any 
fracture not detectable by x-ray, and even most of those with 

clear radiographic signs. The exceptions to this are dealt with 
in the specific subsection in this chapter. When the fracture is 
detectable by x-ray, the treatment will usually be similar to 
the conservative treatment of a traumatic nondisplaced frac-
ture of that bone. Femoral fractures have to be protected for 
3–6 months, tibial fractures for 3 months and metatarsal 
 fractures for 6 weeks. The treatment of fractures diagnosed 
by scintigraphy without radiographic evidence is therefore 
related to these time periods for recovery. A grade IV finding 
necessitates half these periods, a grade III necessitates a quar-
ter to a third of these periods. A summary of recommended 
recovery durations is presented in Table 1. The partial rest 
period can safely include time-off training before the bone 
scan was preformed (i.e., a runner with a grade III tibial stress 
fracture on scintigraphy who has been off training for 2 weeks 
prior to the scan, will need another 2 weeks off).

Asymptomatic Stress Fractures

The clinician dealing with athletes or the military will fre-
quently receive results from imaging studies regarding stress 
fractures that he did not suspect on clinical grounds. This 
will most commonly be of the femur or the pelvic rami, with 
lower grades, but it maybe in any bone, and any grade. 
Careful reexamination of the patient will convert many 
asymptomatic fractures into symptomatic ones [28]. These 
asymptomatic fractures have the potential of being more 
dangerous than the symptomatic ones because they are not 
protected from continued physical activity by the presence of 
pain [15]. They should therefore be treated no differently 
from symptomatic stress fractures, as presented in Table 1.

Femoral Stress Fractures

Stress fractures of the femur (both neck and shaft) are clearly 
the most serious. They frequently displace necessitating 
surgery [24,33,44,45]. Finestone et al. proposed that this 

Table 1 Treatment of stress fractures per scintigraphy. Numbers are weeks of reduced duty

Scintigraphy Complete fracture 
(weeks)a

Grade IV Grade III Grade II Grade I

Femur 24 8 weeksb 8 weeksb 6 weeks 3 weeks

Tibia 12 6 weeks 4 weeks 2 weeks 1 week

Metatarsalc 6 4 weeks 3 weeks 2 weeks 1 week

X-ray Complete crack Partial crack Lacy callus Buttressed callus

Metatarsal 6 6 weeks 4 weeks 3 weeks 2 weeks
aProtection period for complete fracture, presented for comparison
bGrade III and IV femoral stress fractures need radiographic follow-up before return to activity
cMetatarsal stress fractures rest time per scintigraphy is presented for asymptomatic stress fractures, as scintigraphy is not recommended for  
primary diagnosis of metatarsal stress fractures
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probably results from the high pain threshold of the femoral 
periosteum, not as regularly exposed to direct trauma as the 
tibia. This explained the fact that the soldier they described 
was not in pain even with his completely displaced femur 
[15]. The clinician must be extremely careful not to miss a 
femoral stress fracture. The history can include pain or dis-
comfort anywhere from the groin to the knee. The patient 
might complain of limping or even that his instructor or 
friends noticed he was limping.

The physical examination takes some mastering, because 
trainees often have muscular pain, particularly in their 
quadriceps. Palpating both femuri with the fists, using the 
body weight of the examiner is one method (Fig. 2) [28]. 
A difference between sides is suspect (with the reservation 
that stress fractures can be bilateral). Palpation of the femur 
from the side can help when the quadriceps are tender. 
Using the examiners knee as a fulcrum from the side can be 
useful, as well as the classical fulcrum test or the hang test 
(Fig. 3) [6,23].

The differential diagnosis includes all causes of groin 
pain: hernia, varicocele, hydrocele, groin lymphadenitis, 
adductor tendonitis, hip impingement and muscular or myo-
fascial pain from muscles, particularly the psoas, piriformis 
and glutei. The more experienced the clinician is in these ail-
ments, the more easily he will be able to rule out a femoral 
stress fracture.

Any complaint or finding not clearly explained by a clear 
clinical diagnosis such as one of the above is a suspected 
femoral stress fracture. The trainee should be grounded, and 
imaging should be ordered. This is usually a bone scan, but 
an MRI can be helpful in specific settings, where the clini-
cian has experience reading the images. Radiography is usu-
ally unrewarding, whether the scintigraphy is positive or 
negative.

The treatment of a femoral shaft stress fracture is based 
on the scintigraphy grades I–IV (Chart 1). Partial rest is pre-
scribed for 3, 6, 8, 8 weeks, respectively. For grades III and 
IV follow-up radiography is recommended at 8 weeks, and 
the decision regarding return to training will be based on the 
x-rays and the clinical picture. Further tests as described by 
Ivkovic [21] maybe helpful though we have not found them 
necessary.

Femoral neck stress fractures are the most dangerous and 
worrisome as they can have devastating results due to the risk 
of AVN [22,32]. A stress fracture of the inferior-medial cor-
tex is a compression fracture, and will usually heal with rest 
alone (the minimum rest period is 3 months, at least 2 months 
non- weight bearing with crutches). Specific admini strative 
measures to enforce rest and non-weight bearing ambulation 
maybe necessary depending on the training circumstances. 
Stress fractures of the superior-lateral cortex are tension 
fractures and are at considerable risk of progressing to dis-
placement. Most orthopedists recommend treating these sur-
gically with internal fixation (screws). Deciding when to 
allow return to training is difficult. There will usually not be 
a callous as there is no periosteum on most of the femoral 
neck. CT scanning can be helpful in assessing the extent of 
both the fracture and the bone repair assisting in making an 
intelligent decision.

Tibia Stress Fractures

Tibial pain will probably account for most of the patient 
encounters related to stress fractures. In most cases, the 
patient will report pain during or after exercise [13] for a Fig. 2 The fist test (Reproduced with permission of E. Lavon, IDF)

Fig. 3 The fulcrum or hang test. (Reproduced with permission of  
E. Lavon, IDF)
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Chart 1 –The management of femoral stress fractures 

Exertional pain/post-exertional pain/limp

Asymptomatic
stress fracture 

Detailed orthopaedic examination:
Palpation, fist test, fulcrum test, internal and external rotation.

If anything positive, or even negative with suggestive complaints.

Bone
scan

Normal scan Grade I scan Grade II scan Grade III–IV scan

= Positive scintigraphy with
no pain on re-examination 

Return to activity 3 weeks off training 6 weeks off training 8 weeks off training

No

Repeat detailed orthopaedic examination:
palpation, fist test, fulcrum test,
internal and external rotation

No
finding

Clinical
finding 

X-ray of
femur 

Treatment
as above

No clinical
finding 

Lacy callus
Good callus
(buttressing)

Treatment
as above

3 weeks off training
+ follow-up

Return to
training

© Reproduced with permission of the IDF MC

Has already had
8 weeks rest

Yes

Return to
training
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duration ranging from days to months. As the fracture pro-
gresses, the pain can persist while standing, and later even 
when lying down. The duration of exercise needed to create 
the pain also decreases. On examination, there will be ten-
derness over the medial border of the tibia, most frequently 
over the area between the lower and medial third (Fig. 4). 
The location and length of the tenderness along the tibia are 
important in that if the tenderness is along more than a third 
of the length, the diagnosis of a stress fracture is less likely. 
It is more likely to be “shin splints,” a less problematic diag-
nosis, not requiring rest. The fulcrum test (Fig. 5) is helpful, 
as is the jump test. In this test, the patient is asked to jump 
three to four times, springing and landing on one heel. Pain 
in the tibia is positive. If both these tests are negative, tibial 
stress fracture is unlikely.

The partial rest prescribed for a tibial stress fracture, if 
diagnosed with scintigraphy, is based on the grades I–IV for 
1, 2, 4, 6 weeks, respectively (Chart 2). If the diagnosis is 
made by a cortical thickening on radiography the trainee 
should be grounded for 3–4 weeks, and then treated accord-
ing to the symptoms. A fracture line in the proximal tibial 
metaphysis will usually require 6–8 weeks partial rest.

The anterior cortex of the tibia is a rare place for a stress 
fracture, but with dire consequences. It can frequently 
progress to a nonunion [19], known as “the dreaded black 
line.” This is probably a pseudo-arthrosis [35]. The treat-
ment has to be much more aggressive, with supervised 
rest, and possibly low intensity pulsed ultrasound (LIPUS), 
pulsed electromagnetic fields, direct electric currents or 
capacitively coupled electric fields [8]. Although none of 
these treatments have scientific evidence of efficacy for 
treating stress fractures, they have been found to be useful 
in treating fracture nonunions. Cases not improving after 
several months are best operated on, nailing the tibia and 
possibly using bone graft [19,31]. The expected recovery 
period is 6 months.

The differential diagnosis of pain in the lower leg includes 
various tendonitis and sprains, chronic anterior compartment 
syndrome and shin splints. In tendonitis and sprains, the ten-
derness will be over the structure afflicted. Chronic compart-
ment syndrome causes pain anterolaterally to the tibia [11] 
and not medially as do most tibial stress fractures. Shin splints 
are a nonspecific clinical diagnosis (even though sometimes 
with characteristic scintigraphy findings) [20]. Some have rec-
ommended surgery and reported variable results [12,46]. We 
have never found this necessary and are convinced that this 
diagnosis does not warrant surgery. (Only 41% of patients 

treated by surgery in Yates series returned to their preinjury 
sports activity [46]). There are patients with chronic shin pain 
who have no clear diagnosis. We believe such trainee’s are 
simply not physically or mentally up to the demands of their 
training environment, and this is not a surgical issue.

Fig. 4 Palpating the tibia (Reproduced with permission of E. Lavon, 
IDF)

Fig. 5 The fulcrum test for the tibia (Reproduced with permission  
of E. Lavon, IDF)



782 A.S. Finestone and C. Milgrom

Chart 2 –The management of tibial stress fractures 

Normal

Exertional/post-exertional pain

Palpation of medial tibial border
(noting tenderness in cm. from medial malleolus)

Localized
tenderness 

Tenderness
Over > 1/3 of tibia 

No tenderness

Return to training
Fulcrum test and

heel jump test

Both positive

Tibial X-ray

At least one
negative 

Tibial
X-ray

Signs of stress fracture:
no training for 6 weeks
and return for re-X-ray  

Return to training after 6 weeks.
If X-ray shows # united 

Yes
No

No

Yes

Yes

Asymptomatic
stress fracture 

= Positive scintigraphy with
no pain on re-examination 

Repeat detailed
orthopaedic examination 

Bone scan

Normal scan:
full activity

Grade I scan:
1 week off training

Grade II scan:
2 weeks off training

Grade III scan:
4 weeks off training

Normal X-ray:
continue training for 2 weeks

and return for re-examination  

No

Has patient already
done two X-rays?

Grade IV scan:
6 weeks off training

Any finding?:

Treat as
above 

Return to
training

© Reproduced with permission of the IDF MC

Finding on
re-examination?

Return to
training
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Metatarsal Stress Fractures

The metatarsals own the historical birthright of stress frac-
tures, being first diagnosed in the Prussian Army. They were 
also the first stress fractures to be diagnosed radiographically 
[40]. Due to the high strains generated in the metatarsals 
[30], it is not uncommon to see a healthy infantry recruit set 
out for a 50 km march and come back with a displaced meta-
tarsal stress fracture [30]. Another aspect of the different 
mechanism of these stress fractures is that in infantry sol-
diers it appears that the femora and tibiae accommodate to 
the strains of training, strengthen themselves, and do not 
usually develop stress fracture after 6 months of training. 
The metatarsals continue to be at risk to sustain stress frac-
tures for many more months.

On examination, there is localized tenderness (Fig. 6). The 
management is with x-rays and partial rest (Chart 3), based 
on the “worst scenario” of a displaced metatarsal fracture 
which will cure and enable resuming training in 6–8 weeks.

Stress Fractures in Other Bones

There are some rarer sites for stress fractures worth noting. 
In the case of the navicular bone, caution and careful surveil-
lance are mandatory, often with CT. The problem with the 
navicular is related to the inadequate blood supply to the 
middle third of the bone [43] and the distraction forces 
caused by the talus on the bone. Grade I fractures (dorsal 
cortical break) should be treated with a non-weight bearing 
cast for 6–8 weeks [1], and grade II (fracture propagation 
into the navicular body) and grade III (fracture propagation 
into another cortex) should be operated on [37,38]. A “Jones” 
stress fracture of the proximal fifth metatarsal can displace 
and go to nonunion as classic “Jones” fractures do, so extra 
care is necessary in this area.

Stress fractures of the pelvis, calcaneus and fibula are 
relatively easily diagnosed, and will almost always heal 
uneventfully. Partial rest periods should be similar to those 
prescribed for the tibia, or slightly less (75%).

Stress fracture of pars interarticularis can be challenging. 
The physical examination demonstrates a localized pain and 
limitation in extension. Oblique x-rays of the lumbar spine 
sometimes demonstrate spondylolysis, but even if they do, 
the clinician will have difficulty assessing whether the lesion 
is new or old, as both spondylolysis is not so rare and exer-
tional back pain is common. SPECT is very helpful in decid-
ing if the lesion is new, and reverse gantry CT will enable 
decision making on how unstable the lesion is and when 
return to training is possible. A positive diagnosis necessi-
tates complete rest for 2–3 months and possibly bracing. 
Rare cases will need surgery [39].

Conclusion

Stress fractures continue to be a challenging issue both to 
patients, physicians, and training instructors. Careful clinical 
examination, based on a good knowledge of the epidemiol-
ogy and natural history, with appropriate utilization of imaging 
will help the clinician make the right decisions.

Fig. 6 Palpation of the metatarsals (Reproduced with permission  
of E. Lavon, IDF)
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Chart 3 –The management of metatarsal stress fractures 

Yes

Yes

Yes

No

Exertional/post-exertional pain

Palpation of all metatarsals

Buttressed callus
or no finding

Tenderness?

Swelling?

Return to
training

No Order X-ray. May
continue training 

Order X-ray. Stop
training till X-ray 

Fracture/crack/
periosteal reaction?

No
Return to
training

Lacy callus Crack of one cortex Crack of two cortices

NoYes

Asymptomatic
stress fracture 

2 weeks off training

= Positive scintigraphy with
no pain on re-examination 

Palpation of all metatarsals

Return to
training

Finding
(tenderness)?

Order X-ray
and treat as above

3 weeks off training 4 weeks off training 6 weeks off training

© Reproduced with permission of the IDF MC

Return to
training



Diagnosis and Treatment of Stress Fractures 785

References

 1. Anderson, R., Cohen, B.: Stress fractures of the foot and ankle. In: 
Coughlin, M., Mann, R., Saltzman, C. (eds.) Surgery of the Foot 
and Ankle, pp. 1565–1601. Mosby Elsevier, Philadelphia (2007)

 2. Banal, F., Gandjbakhch, F., Foltz, V., et al.: Sensitivity and specificity of 
ultrasonography in early diagnosis of metatarsal bone stress fractures:  
a pilot study of 37 patients. J. Rheumatol. 36, 1715–1719 (2009)

 3. Boam, W.D., Miser, W.F., Yuill, S.C., et al.: Comparison of ultra-
sound examination with bone scintiscan in the diagnosis of stress 
fractures. J. Am. Board Fam. Pract. 9, 414–417 (1996)

 4. Breithaupt, M.: Zur pathologie des menschlichen fusses. Med. 
Zeitung 24, 169–177 (1855)

 5. Brenner, D.J., Hall, E.J.: Computed tomography – an increasing 
source of radiation exposure. N. Engl. J. Med. 357, 2277–2284 
(2007)

 6. Brukner, P., Bennell, K., Matheson, G.: Stress fractures of the pelvis 
and thigh. In: Brukner, P. (ed.) Stress Fractures, pp. 139–146. 
Blackwell Science Asia Pty, Victoria (1999)

 7. Brukner, P., Bennell, K., Matheson, G.: Diagnosis of stress frac-
tures. In: Brukner, P. (ed.) Stress Fractures, pp. 83–96. Blackwell 
Science Asia Pty, Victoria (1999)

 8. Brukner, P., Bennell, K., Matheson, G.: Stress fractures of the lower 
leg. In: Brukner, P. (ed.) Stress Fractures, pp. 147–161. Blackwell 
Science Asia Pty, Victoria (1999)

 9. Bryant, L.R., Song, W.S., Banks, K.P., et al.: Comparison of planar 
scintigraphy alone and with SPECT for the initial evaluation  
of femoral neck stress fracture. AJR Am. J. Roentgenol. 191, 
 1010–1015 (2008)

10. Daffner, R.H., Pavlov, H.: Stress fractures: current concepts. AJR 
Am. J. Roentgenol. 159, 245–252 (1992)

11. de Fijter, W.M., Scheltinga, M.R., Luiting, M.G.: Minimally inva-
sive fasciotomy in chronic exertional compartment syndrome and 
fascial hernias of the anterior lower leg: short- and long-term results. 
Mil. Med. 171, 399–403 (2006)

12. Detmer, D.E.: Chronic shin splints. Classification and management 
of medial tibial stress syndrome. Sports Med. 3, 436–446 (1986)

13. Devas, M.: The tibia. In: Devas, M. (ed.) Stress Fractures, pp. 66–69. 
Churchill Livingstone, Edinburgh (1975)

14. Ekenman, I.: Physical diagnosis of stress fractures. In: Burr, D.B., 
Milgrom, C. (eds.) Musculoskeletal Fatigue and Stress Fractures, 
pp. 271–278. CRC Press LLC, Boca Raton (2001)

15. Finestone, A.S., Glatstein, M., Novack, V., et al.: The completely 
asymptomatic displaced femoral stress fracture: a case report and 
review of the literature. Mil. Med. 171, 37–39 (2006)

16. Fredericson, M., Bergman, A.G., Hoffman, K.L., et al.: Tibial stress 
reaction in runners. Correlation of clinical symptoms and scintigra-
phy with a new magnetic resonance imaging grading system. Am. 
J. Sports Med. 23, 472–481 (1995)

17. Geslien, G.E., Thrall, J.H., Espinosa, J.L., et al.: Early detection  
of stress fractures using 99mTc-polyphosphate. Radiology 121, 
683–687 (1976)

18. Giladi, M., Milgrom, C., Danon, Y.: Stress fractures in military 
recruits. A prospective study evaluating the incidence, clinical pre-
sentation and possible risk factors. Med. Corps Int. 3, 21–28 
(1988)

19. Green, N.E., Rogers, R.A., Lipscomb, A.B.: Nonunions of stress 
fractures of the tibia. Am. J. Sports Med. 13, 171–176 (1985)

20. Holder, L.E., Michael, R.H.: The specific scintigraphic pattern of 
“shin splints in the lower leg”: concise communication. J. Nucl. 
Med. 25, 865–869 (1984)

21. Ivkovic, A., Bojanic, I., Pecina, M.: Stress fractures of the femoral 
shaft in athletes: a new treatment algorithm. Br. J. Sports Med. 40, 
518–520 (2006); discussion 20

22. Johansson, C., Ekenman, I., Tornkvist, H., et al.: Stress fractures of 
the femoral neck in athletes. The consequence of a delay in diagno-
sis. Am. J. Sports Med. 18, 524–528 (1990)

23. Johnson, A.W., Weiss Jr., C.B., Wheeler, D.L.: Stress fractures of 
the femoral shaft in athletes – more common than expected. A new 
clinical test. Am. J. Sports Med. 22, 248–256 (1994)

24. Luchini, M.A., Sarokhan, A.J., Micheli, L.J.: Acute displaced fem-
oral-shaft fractures in long-distance runners. Two case reports.  
J. Bone Joint Surg. Am. 65, 689–691 (1983)

25. Milgrom, C., Chisin, R., Giladi, M., et al.: Negative bone scans  
in impending tibial stress fractures. A report of three cases. Am.  
J. Sports Med. 12, 488–491 (1984)

26. Milgrom, C., Chisin, R., Giladi, M., et al.: Multiple stress fractures. 
A longitudinal study of a soldier with 13 lesions. Clin. Orthop. 
Relat. Res. 192, 174–179 (1985)

27. Milgrom, C., Giladi, M., Stein, M., et al.: Stress fractures in military 
recruits. A prospective study showing an unusually high incidence. 
J. Bone Joint Surg. Br. 67, 732–735 (1985)

28. Milgrom, C., Finestone, A., Shlamkovitch, N., et al.: The clinical 
assessment of femoral stress fractures: a comparison of two meth-
ods. Mil. Med. 158, 190–192 (1993)

29. Milgrom, C., Finestone, A., Shlamkovitch, N., et al.: Stress fracture 
treatment. Orthopaedics (Int. Ed.) 3, 363–367 (1995)

30. Milgrom, C., Finestone, A., Sharkey, N., et al.: Metatarsal strains 
are sufficient to cause fatigue fracture during cyclic overloading. 
Foot Ankle Int. 23, 230–235 (2002)

31. Orava, S., Karpakka, J., Hulkko, A., et al.: Diagnosis and treatment 
of stress fractures located at the mid-tibial shaft in athletes. Int.  
J. Sports Med. 12, 419–422 (1991)

32. Pihlajamaki, H.K., Ruohola, J.P., Kiuru, M.J., et al.: Displaced fem-
oral neck fatigue fractures in military recruits. J. Bone Joint Surg. 
Am. 88, 1989–1997 (2006)

33. Provost, R.A., Morris, J.M.: Fatigue fracture of the femoral shaft.  
J. Bone Joint Surg. Am. 51, 487–498 (1969)

34. RCR Working Party: Making the Best Use of a Department of 
Clinical Radiology. Guidelines for Doctors, 5th edn, pp. 9–14. The 
Royal College of Radiologists, London (2003)

35. Rolf, C., Ekenman, I., Tornqvist, H., et al.: The anterior stress frac-
ture of the tibia: an atrophic pseudoarthrosis? Scand. J. Med. Sci. 
Sports 7, 249–252 (1997)

36. Ron, E.: Cancer risks from medical radiation. Health Phys. 85, 
47–59 (2003)

37. Saxena, A., Fullem, B.: Navicular stress fractures: a prospective 
study on athletes. Foot Ankle Int. 27, 917–921 (2006)

38. Saxena, A., Fullem, B., Hannaford, D.: Results of treatment of  
22 navicular stress fractures and a new proposed radiographic 
classifi cation system. J. Foot Ankle Surg. 39, 96–103 (2000)

39. Standaert, C.J., Herring, S.A.: Spondylolysis: a critical review. 
Br. J. Sports Med. 34, 415–422 (2000)

40. Stechow, M.: Fussödum und röntgenstrahlen. Deutsch Mil. Aerztl. 
Zeitg. 26, 465–471 (1897)

41. Sterling, J.C., Webb Jr., R.F., Meyers, M.C., et al.: False negative 
bone scan in a female runner. Med. Sci. Sports Exerc. 25, 179–185 
(1993)

42. Tocci, S.L., Madom, I.A., Bradley, M.P., et al.: The diagnostic value 
of MRI in foot and ankle surgery. Foot Ankle Int. 28, 166–168 
(2007)

43. Torg, J.S., Pavlov, H., Cooley, L.H., et al.: Stress fractures of the 
tarsal navicular. A retrospective review of twenty-one cases. J. Bone 
Joint Surg. Am. 64, 700–712 (1982)

44. Visuri, T., Hietaniemi, K.: Displaced stress fracture of the femoral 
shaft: a report of three cases. Mil. Med. 157, 325–327 (1992)

45. Visuri, T., Vara, A., Meurman, K.O.: Displaced stress fractures of 
the femoral neck in young male adults: a report of twelve operative 
cases. J. Trauma. 28, 1562–1569 (1988)

46. Yates, B., Allen, M.J., Barnes, M.R.: Outcome of surgical treatment 
of medial tibial stress syndrome. J. Bone Joint Surg. Am. 85-A, 
1974–1980 (2003)

47. Zwas, S.T., Elkanovitch, R., Frank, G.: Interpretation and classifica-
tion of bone scintigraphic findings in stress fractures. J. Nucl. Med. 
28, 452–457 (1987)



M.N. Doral et al. (eds.), Sports Injuries,  
DOI: 10.1007/978-3-642-15630-4_102, © Springer-Verlag Berlin Heidelberg 2012

787

Stress Fractures: Overview
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Vidal Barchilon, Shay Shabat, Alex Finsterbush, Omer Mei-Dan,  
and Iftach Hetsroni 

Introduction

Fatigue microdamage is an essential element of bone mechan-
ics and biology [189, 190]. The process develops following 
various types of stress, enhances movement of calcium in 
and out of the skeleton and brings on remodeling, which 
adapts the bone internal structure to specific kinds of activity 
and demands, removes the fatigue damage, and keeps the 
skeleton as tight as possible [189, 190].

Stress fractures comprise the inability of bone to with-
stand the repeated stress which athletic activity, military ser-
vice, or even normal daily life exert on a prior strong, normal, 
or weakened bone. Griffiths et al. showed in 1971 that 10,000 
repeated stress cycles would cause a femur to show signs of 
breakage when forces of 12 body weight were used in 20–50 
age group, while only 5 body weight was needed in the over-
70 age group [106]. Accordingly, Todd et al. noted in 1972 
trabecular fractures in the neck of the femur of elderly nor-
mal cadavers who probably experienced only daily living 
stresses before death [296]. Swanson et al. in 1971 showed 
in cadaveric femura the relation between higher force and a 
lower number of cycles needed to failure [292]. Chamay in 
1969 described in dog ulna the “overload zone” in which the 
force would eventually cause the bone to give way, depend-
ing on the strength of the specific bone engaged [50].

Two excellent monographs have been published: The 
classic work of Devas published in 1975 [64] and the work of 
Hulkko published by the OULU University in 1988 [126]. 
An excellent review by Dudelzak in Hebrew has been pro-
duced as a book by the Army Center of Physical Education 
in Israel in 1991 [67]. A booklet on Stress Fractures was 
published by Benazzo in 1999 [22] followed by two fine 
books which have been published in recent years, one by 
Bruckner et al. [39] and the second edited by Burr and 
Milgrom [44].

Numerous fine reviews are available in the current litera-
ture concerning various aspects of stress fractures. These 
include stress fractures in athletics [40, 213, 306, 307], the 
differential diagnosis of exercise leg-pain [38], low-risk stress 
fractures [32], stress fractures of the foot and ankle [118], 
lower limb stress fractures [115, 165], upper limb stress 
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fractures [37], stress fractures in females [48, 322], diagnosis 
of stress fractures [165, 209, 259, 283], prevention [259], 
treatment [103, 238, 239], and rehabilitation of specific loca-
tions (such as the tibia) [100] or specific areas of physical 
activity (such as ballet) [289].

Definition, Incidence, Etiology 
and Preexisting Conditions

Flinn in 2002 defined the stress fracture as showing “clinical 
symptoms with a corresponding radiographic change” [81]. 
Flinn’s definition excludes the possibility of a true asymp-
tomatic stress fracture.

Stress fractures exist in racing horses, racing hounds, and 
humans. This is for the obvious reason that ambition is a pre-
requirement to get a stress fracture.

Incidence of stress fractures is based on military reports 
and ranges from 5% to 30% [67, 87, 103, 207, 257, 269] 
depending on the unit and year. Prospective studies show 
an approximately double incidence than retrospective 
studies [67, 257]. The fractures appear after 2 weeks of 
training reaching their peak at 6 – 8 weeks [67, 87, 257]. 
In the Israeli infantry there is a tendency noted in 1994 
[67] for later occurrence of the fractures which were noted 
previously in the 2–4 weeks and in the late 1980s occurred 
toward 13–16 weeks probably because of the strict intro-
duction of gradual building up of training. According to 
Orava, the incidence per year of overuse injuries in the 
civilian athletic populations is 3% [223, 227]; of these 
2.5% are stress fractures [223, 227]. Bojanic et al. showed 
a similar incidence; 1.1– 3.7% of all athletic injuries [34]. 
Other sources have shown a higher incidence as summa-
rized by Shaffer in 2001 [272]: Johnson et al. [137] and 
Bennel et al. [27, 28], in track and field sports showed, 
respectively, an incidence of 10% and 20% in men and 
31% and 22% in women over a 12 month observation 
period, the highest incidence being in distance running. 
These were prospective studies. Most fractures were seen 
in the tibia, but 20.6% [137] were reported in the femur. 
In dancers, retrospective studies disclosed that 22.2% and 
31.5% of dancers reported at least one stress fracture [89, 
142], the most common location being the metatarsals 
(63%). In figure skaters, 21.5% of skaters reported a stress 
fracture during their career [235], mainly in the lum-
bosacral spine (33% males, 45% females). Gymnasts 
observed for 3 years (men) or 2 years (women) showed an 
incidence of 16% stress fractures for men and 24% stress 
fractures for women [66]. In road runners, the incidence of 
injury has been reported to be 35–50% over a 12-month 

period [157]; 4.6% of runners will sustain stress fractures 
over a 12-month period [35, 42].

The different figures and the inconsistency concerning 
stress fracture incidence in civilian sports, as well as in mili-
tary populations, originates both from the heterogeneous 
types of activity, seasons, and teams as from the lack of pop-
ulation-based rated reports in the literature [272]. In many 
cases, fractures are not suspected and not searched for, or 
rest is prescribed for the injury and imaging is not performed. 
The over-diagnosis of scintigraphy should also be remem-
bered, as mentioned below.

Many soldiers will sustain, when injured, more than one 
fracture [67, 93, 109, 126, 257], as is the case in ballet dancers 
[89, 113]. It should be remembered, though, that bone scans 
will often have a high over-diagnosis. Nearly 8–14% of ath-
letes affected would have other sites involved [109, 126, 257]. 
In general, none would have a second fracture at the same 
site [126].

The incidence of stress fractures is higher in females [19, 
29, 108, 109, 126, 246] and lower in Africans [19] which is 
also the present experience in the Israeli Army and Border 
Police since the Ethiopian (East African) immigration started 
entering the military forces some years ago and girls were 
allowed to take part in the combat Border Police training 
program in 1996.

Occurrence is logically dependent on the physical fitness 
of the athlete or army conscript [104]. Pre-army training has 
been shown to reduce the incidence of stress fractures [99, 
103, 140, 183] and probably the earlier this is started the 
better is the preventative effect [183]. Cline in 1998 in 
49 female recruits showed a strong reverse relation between 
previous physical activity measured by calorie expeditor 
and stress fractures [53]. A positive relation was shown to 
bone density [53]. Shaffer in 1999 using a questionnaire of 
five questions and a 1.5 mile run in 1,286 marines showed a 
threefold risk of stress fractures in the low physical activity 
group [273]. Mann et al. in 224 infantry police recruits using 
a questionnaire concerning previous physical activity 
showed a significant reduction in both overuse injuries and 
stress fractures in the recruits who started serious physical 
activity between the ages 10–16 as compared to those who 
started serious physical activity between the ages 17–18 
[183]. When two groups of soldiers were required to march 
a comparable distance of 300 miles, the trained group sus-
tained five fractures while the untrained group sustained 86 
[268]. This was also shown in the Finnish army [257]. 
Simkin et al. have pointed out that the mesomorph, athletic, 
average muscular build is probably relatively resistant to 
stress fracture when compared to the obese or the very lean 
build [277]. This observation was also discussed by Gilbert 
and Johnson in 1966 [99]. A strong reverse correlation 
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between injury rate and fitness was shown both in men and 
in women in the Fort Jackson Army Base in 1984 and again 
in the Fort Leonard Wood Army Base in 1995 [155]. Low 
aerobic fitness was again shown as a risk factor for stress 
fractures in women in the Parris Island Marine Base by 
Rauh et al. in 2006 [248].

Risk Factors Depending  
on the Athlete: Internal Factors

Certain factors have been identified as personal risk factors:

 Lack of previous physical activity as mentioned above 
[29, 53, 99, 103, 104, 140, 156, 183, 248, 268, 273, 303]. 
Activity, including leaping, E.G. basketball, seems to play 
a major protective factor [208], though it may have a dete-
riorating effect on joints and other overuse injuries which 
may suggest that straightforward running is the best pre-
conscription training [183].
 Flexibility and stretching is an interesting and possibly con-
troversial question. Hartig and Henderson in 1999 showed 
that hamstring flexibility training in army recruits reduced 
overuse injuries inclusive of stress fractures and anterior 
knee pain in 150 soldiers using  148 soldiers as a control 
group [117]. Knapic et al. in 2001 showed that both lower 
and higher hamstring flexibility were associated with a higher 
injury rate inclusive of stress fractures [156].
 Leg length discrepancy could act as a major affecting fac-
tor [87, 257] and should possibly be identified and cor-
rected before serious physical activity is commenced. 
A difference of 10–14 mm in length caused a factor of 3 for 
a stress fracture [87, 257], 75% of which occurred on the 
longer leg [87, 257].
 Faulty biomechanics in walking and running [290] is 
another cause of stress fractures.
 Individual body build as high arch according to Giladi 
et al. in 1985 [96] or a low arch according to Sullivan in 
1984 [291] may comprise a controversial risk factor. 
Simkin et al. showed that both extremes, a high arch and a 
low arch, may be associated with a high occurrence of 
stress fractures [276].
 A narrower tibia [94, 95] and a higher external rotation of the 
hip at 90° flexion [94] are additional identifiable risk factors.
 The younger age [126, 205] is another risk factor as adoles-
cents seem to be more susceptible than young adults with a 
reduction of fracture rate by 28% per year from the age of 
17 [159].
 Kimmel et al. in 1990 showed an opposite tendency in 
females with a higher incidence of stress fractures for each 
year of advancing age by a factor of 1.10 [153].

 Female athletes have additional risk factors concerning 
the menstrual cycle [9, 105], with an increased fracture 
risk for late or scarce menarche [13, 25]. Fracture risk 
increased by a factor of 2.6 for every additional year of 
age at menarche and by a factor of 1.7 for every 1% 
decrease in lower limb lean mass [25]. The relation to 
menstrual disturbance was further shown by Kahn et al. 
in female recruits in the Israeli Border Police [143, 144] 
and by Rauh et al. in the Parris Island Marine Base, USA, 
in 2006 [248].
 An additional risk factor is eating disorders [13] with a 
strong protective factor of oral contraceptives (a protection 
by a  factor of 2 for more than 1-year oral contraceptive use) 
[13]. Though this observation was confirmed by Cobb in 
2007 [54], a higher rate of stress fractures when using oral 
contraceptives was suspected by Lappe in 2001 [164]. 
Bennell et al. in 1995 pointed out a factor of 6 for oligom-
enorrhea and a factor of 8 for eating disorders [26]. All the 
above will obviously be related to bone reserve as demon-
strated by various methods [82, 153].
 Exceeding 100 km a week will raise the incidence of stress 
fractures [126, 282].
 The paper by Bennell et al., recently published in the MSSE 
should be mentioned specifically as the authors found no 
relation in female runners between the occurrence of tibial 
stress fractures and ground reaction force, bone density nor 
tibial bone geometry [24]. These findings interestingly 
contradict previous observations.

Women in the Military Service

Women are occupying more and more positions in modern 
armies. While duties not demanding physical force are 
freely taken over by women, other fighting positions are still 
restricted for female fighters. The following table shows the 
percentage of women in various Armed Forces [247].

Percentage of women in all army duties in different countries

(Rapaport, A.: Ma-Ariv News Suppl. (5 Oct 2007)

Israel 30.0% Great Britain 9.1%

USA 14.0% Germany 6.0%

Spain 13.4% Italy 1.6%

France 13.2% Poland 0.5%

Canada 12.8%

Various countries permit women to enter military 
duties with certain restrictions as shown in the following 
table [247]:
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Status of women in various armies

Open for all duties Canada Luxemburg Holland

Norway Belgium Italy

Denmark

Open for all duties but only theoretically

Spain Greece Czech Republic

Romania Hungary Poland

Germany

Open for combat duties with restrictions

USA India Great Britain

Mexico Australia Japan

France Turkey Portugal

In the US Army, 96% of duties are open to women, but 
none are serving as first-line fighters in the Tank Core or 
Infantry. In the UK, 71% of duties are open for land and sea 
and 90% in the Air Force. Basic training involving men and 
women in the common company was ceased in the US 
marines in 2002 [247], and recently also in the UK as 
 presented by Graves in 2009 [77].

In the Israel Armed Forces women comprise 30% of the 
regular army, 26% of the officer staff, and 18% of the perma-
nent army [247].

Females are at a higher risk than males for stress fracture 
occurrence. Bennell and Brukner in 1997 [23] summarized 
eight military studies and seven studies in sport, showing the 
incidence of stress fractures in women to be twice to threefold 
in athletics and threefold to tenfold in military practice [23]. 
Though the exact incidence could be occasionally argued, the 
general trend is clear.

Injury risk in women in Fort Jackson was shown as over 
fivefold in 1984 compared to men and as 3.5-fold in 1995 in 
Fort Leonard Wood [155].

Further risk factors for females are discussed above.
It seems obvious that entering women to physical 

demanding fighting duties would need cautious observation 
and strict control, and probably the basic training should be 
conducted in separate units prior to becoming part of a field 
infantry platoon involving men and women. This has been 
the policy of the Israeli Border Police since 1996.

Distribution

Since Breithaupt described stress fractures of the metatar-
sal bones in the Prussian army in 1855 [36] (Fig. 1a, b), 
Pirker in the femoral shaft of an athlete in 1934 [242] 
(Fig. 2a, b) and Burrows described the so-called run-
ner’s fracture of the distal fibula in 1940 [45] (Fig. 3a, 
b), stress fractures have been described in almost every 

bone of the body [126]. Distribution of stress fractures in 
the body changes from report to report and differs from 
the athletic series to the military series. The dominance 
of tibial stress fractures (Fig. 4) as opposed to metatar-
sal stress fractures (Fig. 1a, b) is discussed later in these 
pages. Differen ces are obviously influenced also by modes 
of diagnosis, grades of suspicion, and aggression of the 
treating physician.

Mckeag and Dolan in 1989 [201] summarized four stud-
ies [127, 195, 198, 312], concerning the incidence of stress 
fractures in athletes. The average percentages were as 
follows:

Tibia Fibula Femur Tarsus Metatarsus Other

44 16 8 9 16 7

a

b

Fig. 1 Metatarsal stress fractures: (a) Stress fracture of the second 
metatarsal bone on X-ray. (b) Stress fracture of the second metatarsal 
bone on bone scan
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The figures given by Orava and Hulkko in 1987 [227] are 
rather similar:

Tibia Fibula Femur Tarsus Metatarsus Other

50 12 6 7 20 5

(The sesamoid bone fracture, 4% in number, is included 
in the tarsal bone fractures).

The incidence in the US Army was presented, using plain 
radiography, back in 1969 [318].

Tibia Fibula Femur Metatarsus Calcaneus

24 3 3 35 28

The incidence of fractures in the Finnish army was reported 
by Sahi in 1987 [257] and by Friberg and Sahi in 1987 [87]:

baFig. 2 Stress fracture of the 
femur on bone scan in an 
18-year-old soldier. There is a 
fracture of the neck of the femur 
on the contralateral side. The 
femoral neck fracture is of major 
importance as it tends to 
displace. The signs being 
obscure it was probably 
unsuspected prior to performing 
the bone scan. (a) On bone scan. 
(b) On X-ray

a b

Fig. 3 (a) Stress fracture of the 
fibula on bone scan. (b) Stress 
fracture of the fibula on X-ray
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Tibia Fibula Femur Tarsus and 
calcaneus

Metatarsus Other

Sahi 
et al.

49 2 7 8–21 13–24 8

Friberg 
and Sahi

66 7 9 4 8 6

The first study [257] was divided according to military hos-
pitals and a second division was done according to the brigade. 
The large number of calcaneal stress fractures, especially in 
the hospital study, was high and the dominance of metatarsal 
fractures in the tank brigade (68%) is rather outstanding [257]. 
Other differences are not marked and the numbers quoted 
above are otherwise of the military hospital study.

The incidence in the Israeli Army has been reported by Halel 
[112], Dudeszak [67], Giladi [93, 98], and Volpin et al. [308]:

Tibia Fibula Femur Tarsus Metatarsus Other

Halel 1976 32 3 46 0 18 1

Dudeszak 1983 71 1 26 0 2 0

Giladi 1984 56 0 30 0 8 6

Volpin 1987 68 0 15 1 13 3

It should be mentioned that all three later studies utilize 
scintigraphy for diagnosis. The outstanding feature in these 

studies is the dominance of tibial fractures in army and civil-
ian practice and the relatively high incidence of femoral frac-
tures in the Israeli army when compared to other studies 
quoted here and quoted by Giladi [98] and by Dudeszak [67]. 
It is interesting to note the very low incidence of calcaneal 
and a low incidence of metatarsal stress fracture in the Israeli 
and Finnish army compared to previous reports in the mili-
tary showing an incidence of 13– 83% [67, 98]. The relatively 
low incidence of fibular fractures in almost all military reports 
(showing an incidence of 1–4% [67, 98] rising to 7% in one 
incidence [87]) when compared to athletes showing an inci-
dence of 12–16% [201, 227], should also be emphasized.

In military training the proportion of Bilateral Involve-
ment is expected to be approximately one-quarter of cases 
[257, 308] (Fig. 2a). Many soldiers will sustain when injured 
more than one fracture [3, 67, 93, 109, 257], though it should 
be remembered that bone scans will often have a high over-
diagnosis. Around 8–12% of athletes affected would have 
other sites involved [109, 126, 257]. In general none would 
have a second fracture at the same site [126].

Specific Site Involvement

Stress fractures of the patella were described by Mason in 
1996 and by Pietu and Havet in 1995 [192, 241] (Fig. 5d). 
Mayer et al. described a transverse patellar stress fracture in 
weightlifting [197], and Simonian discussed the same occur-
ring after harvesting the patellar tendon for anterior cruciate 
ligament reconstruction [278]. The possible relation of bipar-
tite patella to repetitive stress was discussed by Ireland and 
Chang in 1995 [132] (Fig. 5a–c).

Stress fractures of the femur and of the neck of the femur 
have been repeatedly mentioned as hazardous fractures espe-
cially because of their tendency to displace [63, 88, 91, 137, 
150, 151] and their tendency to be obscured as “muscle pain” 
and to appear as “asymptomatic” [215] (Fig. 6a–c). These 
have been described mainly in adults though fractures of 
both the neck [284] and the shaft of the femur [43] have been 
described in children. As with other overuse injuries, the 
association between these problematic fractures and lack of 
shock absorption is an attractive thought [90, 163, 202, 276]. 
A displaced stress fracture of the neck of the femur has been 
shown by Lee in 2003 to lead to avascular necrosis in about 
25% of the cases [168]. A stress fracture of the head of the 
femur, subchondral in location and leading to early joint 
destruction has been described by Buttaro in four cases in 
2003 [47]. Song in 2004 [280] presented seven stress frac-
tures of the head of the femur. When not collapsed, healing 
was completed in 6 months. A collapse led to joint replace-
ment. An insufficiency subchondral fracture has been sug-
gested as a cause of transient osteoporosis of the hip as well 
as the cause of spontaneous osteonecrosis of the knee [2].

Fig. 4 Stress fracture of the tibia on X-ray
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c d

Fig. 5 Patellar stress fracture 
and bipartite patella: 
(a) Bipartite patella on lateral 
X-ray. (b) Bipartite patella on 
axial X-ray. (c) Bipartite patella 
on MRI. (d) A stress fracture of 
the patella in a 17-year-old youth 
involved in uphill running 
preparing for his army service

a b c

Fig. 6 Stress fractures of the femoral neck: (a) Stress fracture of the 
femoral neck shown on X-ray in a 71-year-old female walker. (b) Stress 
fracture of the femoral neck shown on scintigraphy in a 71-year-old 

female walker. (c) Stress fracture of the femoral neck in a 44-year-old 
competitive female runner. The fracture displaced and was reduced and 
fixed by surgery, this fracture proceeded to non-union
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The tibia comprises the most frequently affected bone in 
stress fractures in athletes [26, 109, 227], and in most reports 
of military practice [67, 87, 207, 257], (Fig. 4). While the 
incidence in athletes is reported between 30% and 50% 
[26, 227] the incidence in military practice is often reported 
in the range of 50–70% [87, 112, 207, 257], though the incon-
sistency in some reports seems to be unexplained [67]. Within 
the tibial fractures, a special mention should be made of the 
anterior cortex transverse fractures [15, 16, 31, 41, 92, 136, 
178, 225, 243, 250, 305] which comprise 5–25% of tibial 
fractures [136, 225] because of their tendency to displace and 
their propensity to be unidentified on bone scan [31] (Fig. 7). 
The fracture could be bilateral [41, 92]. Modalities of treat-
ment in this fracture should consider the surgical option 
[178, 243] possibly by reaming and placing an intramedul-
lary nail [305]. The possibility of a fracture not appearing on 
bone scan should be remembered also when discussing the 
hazardous fracture of the neck of the femur [150]. Tibial plat - 
eau stress fractures or tibial condylar stress fractures will 
usually not displace. Located in cancellous bone, they may 
be  relatively common in the elderly, especially in women 
(Fig. 8). Tibial plateau and femoral condylar stress fractures 
may also be the cause of knee avascular necrosis or osteone-
crosis, leading to further damage of the knee [2, 212].

Stress fractures occurring in unusual locations can 
mimic more common diseases as low-back pain in frac-
tures of the sacrum which have been frequently reported in 
the recent literature since 1994 [4, 8, 11, 33, 72, 110, 139, 
191, 200, 234, 237, 315], in adults, in children [191], in 
adolescents [110, 274] and in the ill [174, 315], diseased or 

elderly [237] (Fig. 9). These fractures have been described 
in volleyball [274] as in other fields of sport [174]. Over 30 
cases have been published [274]. Magnetic resonance is 
useful in diagnosis [274]. Pelvic stress fractures would 
often disclose as hip, thigh or buttock pain (Fig. 10a, b). 
These have been mentioned in adults [279] and children 
[159] but are typical of female athletes [200, 218], female 
soldiers [123] or menopausal active women [237]. Repeated 
muscle pull or muscle fatigue could be responsible [209]. 
These should be differentiated from the less common artic-
ular fracture of the acetabulum [169]. A fracture in the 
unusual pre-symphyseal location has been described by 
Jung et al., 2000, in a patient suffering from a mixed con-
nective tissue disease [141]. Our experience shows even 
low-grade fractures in this location on the medial anterior 
pubic ramus to be troublesome and slow to heal with the 
athlete absent from full training for 3–6 months.

Fig. 7 Anterior Cortex stress fracture of the tibia

Fig. 8 Stress fracture of the tibial plateau seen on MRI in an elderly 
female walker

Fig. 9 Stress fracture involving the sacroiliac joint in a 15-year-old 
female swimmer
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Rib stress fracture could present as Vaugh shoulder or 
chest pain. These have been described in golf [173, 175], 
swimming [293], and basketball [83], because of cough-
ing [18] or carrying a heavy school bag by a child [30] or an 
adult [172]. In Rowers, 6–12% may be affected causing more 
training days lost than any other injury [311]. Though 
unusual, these fractures could cause neurological complica-
tions [221]. On a bone scan, it may be difficult to differenti-
ate a posterior rib stress fracture from a stress fracture of the 
adjacent transverse process (Fig. 11a–d). A sternal stress 
fracture has been described in a wrestler [149] and a scapular 
stress fracture has been described as the cause of shoulder 
pain in a child [116]. Another cause of shoulder pain is the 
unusual stress fracture of the acromion [111, 162, 310] 
or of the clavicle [49].

All three bones of the arm could be affected by stress frac-
tures – the humerus [71, 125, 319], in throwing [71] or 
weightlifting [125], the shaft of the radius [3] or the radial 
epiphysis [65] in gymnastics or the ulna in tennis [321] or in 
pull-ups when unaccustomed to do so [181]. Olecranon frac-
tures have been described in Javelin throwers [129]. An ulnar 
styloid fracture has been described in a 15-year-old boy prac-
ticing Kendo (Japanese Fencing), which was treated success-
fully by excision [135]. Stress fracture of the capitate has 
been described in the hand [5]. The metacarpal bones have 
been shown to be affected in an adolescent tennis player 
[309] and even in an accountant [101].

In the lower limb the fracture of the metatarsals was often 
considered the classic and possibly the most common stress 
fracture [36, 167, 219, 234] still described by Pester and 
Smith in 1992 as the major fracture in a military setup [240] 
and by Sahi et al. in 1987 in the Finnish Tank Brigade [257] 
(Fig. 1a, b). The most common are fractures of the second 
and third metatarsals [7, 129, 231]. Sixty-four fractures of 
the base of the second metatarsal have been recorded in 

51 ballet dancers by O’Malley et al. in 1996 [219] and of the 
metatarsal heads by Lechevalier in 1995 showing two of 
eight to develop RSD [167].

Stress fractures of the fifth metatarsus or so-called Jones 
fracture should be looked upon as a separate entity because of 
its tendency to displace and proceed to non-union [7, 59, 114, 
128, 147, 166, 226, 228, 297] (Fig. 12). This fracture originally 
described by Jones in 1902, appears as a transverse fracture 
distal to the base of the fifth metatarsal, often occurring after a 
minor twisting injury proceeded by a long and possibly unac-
customed stress. It may be more prevalent in a supinated foot 
[7]. Repeated traction by the peroneous brevis may be a con-
tributing factor [251]. An arch support has been recently sug-
gested to reduce the forces acting on the fifth metatarsal thus 
possibly reducing the incidence of stress fracture [107]. 
Hetsroni et al. have  discussed the foot plantar pressures as a 
contributing f actor [120]. The lesion should be strictly differ-
entiated from the diaphysed stress fracture, which behaves 
similar to other metatarsal stress fractures [128] and from the 
avulsion fracture of the base of the fifth metatarsus, which 
often accompanies ankle sprains and needs virtually no treat-
ment at all although it rarely may proceed to non-union 
(Fig. 13). Iselins Disease in a youth should also be kept in mind 
(Fig. 14). The Jones fracture requires non-weight bearing with 
or without plaster immobilization until union appears on the 
X-ray usually within 3–6 weeks. Enabling no firm immobiliza-
tion requires knowledgeable cooperation of the patient who is 
required to refrain from motion or weight bearing. Many of 
these fractures will not show signs of union and will eventually 
require operative treatment. This fracture is discussed in fur-
ther detail under a separate title within this text.

The base of the fourth metatarsal bone has been shown to 
present as a troublesome location of stress racture, tending to 
delayed union and ongoing symptomatology [121, 261]. Its 
similarity to the Jones fracture is rather interesting.

a b

Fig. 10 Stress fractures of the pelvis: (a, b) Multiple stress fractures of the pelvis in a 61-year-old female runner (Courtesy of the late Dr. P.T. 
Rosenfeld, LA, USA)
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The tarsal navicular is another bone we consider a “dan-
gerous” stress fracture because of its strong tendency to dis-
place and proceed to non-union [7, 21, 57, 58, 80, 131, 152, 
226, 228, 298], (Fig. 15). On diagnosis a tarsal coalition 
should always be excluded and subtalar motion should be 
verified as these conditions tend to exert excessive pressure 
on the navicular bone. Avascular necrosis, especially in youth 
(Kienboeck’s Disease) should also be excluded as a back-
ground condition. Osteochondritis Dissecans of the  tarsal 
navicular should be considered in the differential diagnosis. 
Treatment should consist of abstinence from physical activity 
and occasionally non-weight bearing with or without immo-
bilization [21, 131, 152]. As these fractures are often diag-
nosed late, patients may often decide to reduce their physical 

activity and not proceed with more aggressive treatment. 
Surgical intervention is usually not needed [131, 152]. Healing 
time may approach 6 months [152]. This fracture is discussed 
in further detail under a separate title within this text.

The sesamoid bones of the first tarso-metatarsal joint are 
another sight for stress fractures occurring in both the lateral and 
medial bones [46, 130]. Most cases will heal or become asymp-
tomatic with conservative treatment while the minority will need 
excision of the fragment. It should be noted that some uptake in 
the nuclear bone scan will be seen in approximately 30% of the 
normal population [51] (Fig. 16). This fracture is discussed in 
further detail under a separate title within this text.

Stress fractures have also been noted in the talus [30, 302], 
a rather benign entity well known to physicians  working with 

a

c

b

d

Fig. 11 Stress fractures of the transverse process of the spine: (a) Stress fracture of the transverse process in a 15-year-old female Karate expert 
as seen on X-ray. (b) Stress fracture of the transverse process in a 15-year-old female Karate expert as seen on a bone scan. (c) Stress fracture of 
the T9 transverse process in a 16-year-old tennis player as seen on bone scan. (d) Stress fracture of the T9 transverse process in a 16-year-old 
tennis player as seen on computerized tomogram
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military personnel. Malleolar stress fractures [222, 230, 270] 
are often seen on bone scans and in the majority of cases will 
heal uneventfully. In an occasional case, ope rative intervention 
may be required [230] (Fig. 17a–d). It should be noted that 
conservative treatment could lead to displacement [271] and 
use of a percutaneous canulated screw has been described as a 
surgi cal option enabling return to training within 24 days 
[158]. Bilateral occurrence has been described [286].

Bone edema of the foot: Occasionally, an athlete may 
develop severe and debilitating pain in the foot, with no 
pathology demonstrated on X-ray or CT. Orava in 2003 

described this phenomenon, to be caused by bone edema of 
one of the small bones of the foot [224]. Orava mentioned 
that only an MRI would disclose the injury [224], though our 
own experience has demonstrated the SPECT bone scan to 

Fig. 13 Non-union of an avulsion fracture of the fifth metatarsal in a 
youth

Fig. 14 Iselin’s disease: This is not an unusual picture of the develop-
ing growing plate of the fifth metatarsal bone. This is not a traumatic 
event and needs no treatmentFig. 12 Jones fracture: stress fracture of the proximal fifth metatarsal

Fig. 15 Stress fracture of the tarsal navicular bone

Fig. 16 A bipartite sesamoid in the foot: this is often a normal variant 
and not a fracture
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be useful. Persistent cases could be treated by surgical drill-
ing of the affected bone [224]. Figure 18a, b shows a case in 
an active woman, not a professional athlete, who sustained 
the injury after returning overzealously to full activity fol-
lowing a previous injury.

Spondylolysis of the spine is a rather important injury 
(Fig. 19a–e). Spondylolysis is considered to occur in three 
to five of the normal population probably being a congenital 
condition or possibly acquired on the base of an inborn ten-
dency [1, 60, 86]. Occurrence of the disease rises slightly 
with advancing age, usually asymptomatic [60, 86]. It has a 
strong association with spina bifida [220] and a tendency to 
run in families [317]. In certain fields of sports, mainly those 
involving forced extension, the occurrence rises sharply, 
comprising a stress fracture of the pars interarticularis 
[60, 176]. When this occurs, the condition will be painful 
and will show a positive uptake on scintigraphy [220, 317]. 
Up to 40% of low-back pain in children may have a finding on 
scintigraphy compatible with spondylolysis (Fig. 19b) [233]. 
Progression of the lesion to spondylolysthesis is possible 
and would usually occur during the growth spurt and not 
proceed after adolescence [20]. X-rays would often not 

disclose the diagnosis and a computerized tomogram should 
be utilized [1, 249] (Fig. 19d, e). When diagnosis of an acute 
case is made on the basis of pain and a positive bone scan a 
brace could be used which may cause healing of the defect 
within 6–12 weeks [20, 113, 171, 304, 314], or lead to 
fibrotic union without bony healing with a stable and asymp-
tomatic lesion.

The fracture may involve not only the pars interarticu-
laris but also other components of the vertebral arch; the 
lamina, the pedicle, the isthmus or the transverse process 
which we observed in an adolescent male tennis player and 
in an adolescent female karate expert [1, 181, 217] 
(Fig. 11a–d, Fig. 20a, b). In volleyball we treated a “clay 
shoulders’  fracture” which appeared in a 17-year-old player 
as a stress  fracture of the spinous process of the seventh 
cervical vertebra [122]. Surgical intervention by laminec-
tomy for disc prolapse has been described as a cause of a 
contralateral pedicle stress fracture with resultant spondylo-
lysthesis [196].

As mentioned above, it is interesting to note than for 
 reasons not fully understood the instance of these injuries is 
rising among swimmers [145, 216]. This may be due to the 

a b

c d

Fig. 17 A top-level male high 
jumper complained of pain over 
the medial aspect of the ankle. 
Ultrasound did not disclose 
specific pathology and further 
imaging was performed only 
after conservative treatment 
failed. (a) Medial malleolus 
stress fracture seen on CT 
imaging. (b) Medial malleolus 
stress fracture seen on CT 
imaging. (c) Medial malleolus 
stress fracture seen on MRI 
imaging. (d) After reduction and 
fixation
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a b

Fig. 18 A 59-year-old active woman sustained a tibial plateau fracture, 
which was treated surgically. When starting weight bearing she twisted 
her ankle, sustaining an ankle fracture which was treated conserva-
tively. After resuming full weight bearing she started to feel pain in her 

foot, which worsened over time. X-rays and a thin sliced computerized 
tomogram failed to show a fracture. (a) A SPECT bone scan showed 
high uptake all through the third metatarsal bone. (b) MRI showed bone 
oedema of the third metatarsal, with no evidence of a fracture

ba L

Fig. 20 Lesions of the lamina 
and pedicle: (a) A 16-year-old 
dancer was seen with back pain 
and a positive bone scan of the 
third left lumber vertebra.  
(b) A computerized tomography 
disclosed a healing stress fracture 
of the left pedicle and an old 
lesion of the right lamina

a b c

d e

Fig. 19 Spondylolysis and spondylolysthesis: (a) The clinical appear-
ance of spondylolysthesis. (b) Spondylolysis suspected on bone scan. 
(c) Spondylolysis on X-ray. (d) Spondylolysis in a 17-year-old athlete 

seen on a sagittal view of the computerized tomography. (e) Spondy-
lolysis on a computerized tomography in a 15-year-old swimmer
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swimming training duration, modern swimming styles or 
possibly more intense weight room training than previously 
practiced. Swimmers were not known to suffer from this 
injury in previous decades.

Unusual locations have been described in other bones: 
Stress fracture of the toes which could be extra or intra- 
articular [229]. The treatment is conservative, though heal-
ing may take 1–2 months depending on location [229]. Stress 
fracture of the pisiform fractured in volleyball [133], the 
tibial tuberosity fractured in high jumping [134], the hyoid 
bone in induced vomiting [108], the metacarpal bone in 
accounting [101], the mandible after titanium teeth were 
inserted [253] and a bilateral fibular fracture in an infant 
using an infant walker [275]. Most bones of the foot have 
been mentioned as involved in this injury [39]. A stress frac-
ture of the medial clavicle has been described in a cable 
maker [236].

External Factors

Many series have produced excellent work on stress frac-
tures [112, 126, 194, 210, 223, 267, 291], often attempting, 
not always conclusively, to identify external causes which 
could be preventable [138].

Programming military or athletic training to reduce inten-
sity every third week was devised by Scully and Besterman 
in 1982 [267]. By reducing “double timing” every third 
week, the incidence of fractures was reduced from 4.8% to 
1.6%. Worthern and Yankelewitz in 1978 had previously 
suggested an 8 h delay between morning and evening ses-
sions [320]. The Israeli Army and Border Police have devel-
oped a gradual training program originally devised to reduce 
intensity every third week [267], later replaced by a gradu-
ally increasing intensity training program in the female 
Border Police recruits [186] when the role of stress reduction 
every third week became unclear [244]. It seems that, in gen-
eral, the stress fracture rate in the infantry, previously reported 
around 20% or even 30%, has been reduced to an acceptable 
rate of 5–10% [67]. “Cyclic training” directed to stress the 
muscles acting on the pelvis in a cyclic manner has been sug-
gested by Miller et al. in 2003 [209].

Reduced shock absorption because of muscle fatigue 
has been suggested on a theoretical [90, 163], clinical [276], 
and experimental [202, 313] basis. Shock absorbency was 
shown to reduce overuse injuries of the foot [182, 188, 206] 
and stress fractures of the femur and metatarsals [202, 206] 
while others showed a general tendency to reduction in 
overuse injures [73, 188, 266] and stress fractures [182, 
266]. This was not supported by an animal model [203]. In 
female Border Police Infantry recruits we observed a ten-
dency, not statistically significant, to the reduction of stress 

fracture incidence by various interventions inclusive of pre-
recruitment training, gradual combat training, and footwear 
changes [74, 107, 187]. Insoles and orthotics seem to have 
a preventive role in certain situations [74, 107, 187]. A crit-
ical review of the literature by Thacker et al. in 2002, 
showed that a shock-absorbing insole is probably effective 
in prevention of “shin splints” in the military, while gradual 
training and shoe construction are not proven to do so [295]. 
A critical review of the literature done by Gellespie and 
Grant in 2000, showed that shock-absorbing insoles prob-
ably are effective in reducing the incidence of stress frac-
tures [100]. Rome et al. in the Cochrane Data Base System 
Review demonstrated in 2005 that 10 of 13 series dealing 
with prevention of stress fractures used shock-absorbing 
insoles which were evidently shown to reduce the incidence 
of stress fractures [252].

Shoe construction of the military boot has been severely 
criticized for lack of shock absorption and flexibility [62] 
which probably should be improved [104, 183]. To this 
must be added the weight of the shoe as 100 g. of shoe 
weight would reduce 1% in running efficiency and would 
equal 500 g carried on the back [67, 69, 232]. Muscle fatigue 
on exertion will further reduce dynamic shock absorption 
by the musculoskeletal system [67, 90]. Erickson in 1976 
demonstrated by muscle biopsy the loss of muscle glycogen 
at the end of a skiing day so that the protective effect of the 
muscles is lost [70]. This would be hastened by additional 
shoe weight and by a poor aerobic capacity of the athlete or 
soldier. In 2001, we demonstrated a well-constructed shoe 
to clearly reduce the occurrence of the more severe and 
more dangerous stress fractures in male Border Police 
 infantry recruits [182, 183]. A tendency of reduction was 
seen also in female recruits, though not reaching statistical 
 significance [186].

Stancy and Hurgerford showed reduction of overuse inju-
ries by using a sports shoe during basic training [285]. 
Similar results were shown in 1992 [79] and an insole 
[74, 78, 182], or alternative military boot [182, 183] resulted 
in a clear reduction of both overuse injuries [182] and stress 
fractures [74, 78, 182], in the Israeli military. Bijur in 1997 
suggested designing special shoes and backpacks alongside 
pre-military training for female military cadets [29].

An attempt to construct a mathematical model to pre-
dict stress fractures has been presented by Prendergast in 
1994 [245].

A trial to prevent stress fractures and tibial stress syn-
drome by adding calcium to the diet of 600 recruits did not 
show an effect [265].

The ground is obviously a cause in the impact force reac-
ting on the active musculoskeletal system. Hard grounds have 
been widely discussed concerning overuse injuries [180] and 
have been considered in the etiology of stress fractures 
[67, 177, 227, 257, 290], in the civilian and army setup.
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Diagnosis

X-rays: Simple radiography has been the keystone to 
diagnosis, being the most reliable means following clini-
cal assessment [36, 88]. Since X-rays have been utilized 
in medical practice, diagnosis could be better defined and 
pathology located and treated [126, 242, 318]. Since scintig-
raphy has been introduced, [6, 193, 323] diagnosis became 
easier as the pathology was located in an early stage and 
the scan covered the whole body, disclosing many sights 
of bone activity possibly unrelated to the specific fracture 
location. The high over-diagnosis is still a major problem 
today. Clement [52] showed in 1987 that only in 30% did 
positive scintigraphic sites show as stress fractures when 
using roentgenography.

Scintigraphy: Zwas et al. [323] in 1987 devised the 
 classification and interpretation guidelines which most of us 
use today concerning scintigraphy in stress fractures. This 
method of diagnosis is doubtless the widest used today and 
often the only method used both in adults and in children [56]. 
Zwas’ classification is widely used even though it is basi-
cally constructed for classification of stress fractures in long 
bones.

Computerized tomogram: Computed tomography is of 
high importance as it can disclose the breaching of bone con-
tinuity and could assist in problem cases as sacral fractures 
[191], spondylolysis [1, 249] and in differentiating tumor, 
infection or bone stress reaction from stress fractures 
[124, 177, 299] especially in the interesting longitudinal frac-
tures which could resemble a tumor in the femur [263, 281] or 
the tibia [148, 160, 258, 301]. The computerized tomogram is 
useful in determining location, morphology, distraction and 
healing, though it is not routinely used [154, 294].

Magnetic resonance imaging is also often used in prob-
lem cases as it would disclose early changes in chemical 
structure which would not be disclosed by other methods 
[10, 84, 170, 214, 258, 260, 281, 287, 300, 301]. The use of 
magnetic resonance in stress fractures has been reviewed by 
Spitz and Newberg in 2002 [283]. The role of magnetic reso-
nance will often be most obvious in stress fractures of can-
cellous bone as the calcaneum or femoral condyles. It has 
been used effectively for diagnosis of pelvic [209] and sacral 
fractures [274]. Lassus et al. in 2002 [165], emphasized the 
MRI grading of bone stress injuries. Fredericson et al. [84] 
developed in 1995 an MRI grading system for tibial stress 
fractures and the method was further developed by Arendt in 
1997 adding to the grading system for stress fractures by 
MRI a protocol for MRI diagnosis [10]. Grades I and II were 
considered as “Low Grade” stress fractures while grades III 
and IV were defined as “High Grade” stress fractures 
[10, 294]. The lack of ionizing radiation and its high accu-
racy makes the MRI an attractive diagnostic tool. Schlezinger 

and Smith have prepared a position paper submitted to the 
International Federation of Sports Medicine (FIMS) for 
approval in 2002. This paper suggests the MRI as the diag-
nostic modality of choice for stress fractures [262] (Fig. 5c, 
8, 17c, 21a–c). Using the MRI as the diagnostic tool of choice 
for stress fractures was discussed for groin pain diagnosis by 
Davies et al. in 2009 [61].

Ultrasound: Ultrasonography as a diagnostic tool causing 
local pain at an intensity of 2–3 W/cm2 was first published by 
Moss and Moat in 1983 [211]. The method is not accurate 
and failed to gain popularity [97, 126, 211]. Ultrasonography 
was recently introduced showing relatively high accuracy in 
diagnosis of metatarsal stress fractures by Banal et al. in 
2009 [12].

Thermography: Thermography is a method aimed at 
locating heat differences over the fracture area [102, 126, 
198, 199]. It is not in wide use today.

In conclusion of this section three points should be 
discussed:

1.   Does an “asymptomatic” stress fracture exist? The 
“asymptomatic” stress fracture has been well recognized 
since scintigraphy was introduced, disclosing multiple 
sites of fracture or bone activity in areas which were 
not painful [257]. This was recently discussed concern-
ing the dreaded femoral neck fracture by Nielens in 
1994 [215]. Ha et al. considered that 9% of fractures are 
asymptomatic [109]. Most if not all of these fractures are 
probably false positive bone scans showing bone stress, 
trauma or soft tissue calcification or fractures causing 
pain which was interpreted as muscle pain or knee pain, 
a phenomenon so well known in fractures of the femur 
or femoral neck. Flinn in 2002 defined a stress fracture 
as “clinical symptoms with a corresponding radiographic 
change” [81], thus excluding, to his opinion, the term of 
an “Asymptomatic Stress Fracture.” During a meeting 
on stress fractures in 1987 [179] and following letters 
in the medical press by Torg and by Noble, all partici-
pants were asked if in their experience and belief a real 
“asymp tomatic” fracture could exist. No hand was raised. 
It seems that existence of the entity should be severely 
questioned.

2.   Could a stress fracture exist with a negative bone scan? 
When no bone activity occurs and the fracture is not 
healing, a negative bone scan could exist in a true and 
hazardous stress fracture. This has been described both 
in transverse anterior cortex tibial fractures [31] and in 
the neck of the femur [150]. It is important to keep this 
in mind as these fractures are not involved in a healing 
process and are liable to non-union and displacement.

3.  Is the entity of tibial stress syndrome (or Tibialis Posterior 
Syndrome – TPS) related to stress fractures? (Fig. 22). 
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Fig. 21 Longitudinal stress fracture of the tibia a 51 year old walker: (a) A longitudinal stress fracture of the tibia as seen on a bone scan. This 
picture was suspected to be a tumor or an infection. (b) A longitudinal fracture of the tibia seen on a computerized tomogram. (c) Magnetic 
resonance imaging in a longitudinal stress fracture of the tibia

Fig. 22 Tibial stress syndrome (tibialis posterior syndrome)

Our tendency is to accept these entities as non-related. 
The TPS has been shown in our experience to affect 
approximately one-third of the Border Police recruits to 
some degree or other often unrelated to any of the con-
trolled parameters as heel position, foot type, shoe or 
insole [183]. The entity is often named “shin splints” 

which is really a wider entity, inaccurate in description 
and which should be used cautiously [14]. A possible 
relation between tibial stress syndrome and stress frac-
ture, both of which would be disclosed by scintigraphy [6] 
and differentiated by the diffuse and unlocalized appear-
ance of the uptake in tibial stress syndrome, has been 



Stress Fractures: Overview 803

pointed out by Ekenman in 1995 [68]. Ekenman tried to 
explain according to the variation in the tibial origin of the 
flexor muscles why some athletes would develop a tibial 
stress syndrome and others a stress fracture. Fredrickson 
[84] working with magnetic resonance assumed that 
untreated tibial stress syndrome may develop into a stress 
fracture and the condition should not be overlooked, as the 
tibial stress syndrome as known may be an early stage in 
the development of a stress fracture. Taun et al. in a 
recently published review [294] based on the literature, 
conclude that though the mechanism causing tibial stress 
syndrome and stress fractures is similar and though the 
pathologies may be in continuum, they represent separate 
entities differentiated by bone scintigraphy which shows 
diffuse uptake in one and localized uptake in the other.

Grading Stress Fractures Using the Various 
Diagnostic Modalities

Wilson and Katz in 1969 [318] presented their grading 
of stress fractures using simple radiography:

Roentgenography: 
Wilson and Katz: Radiology 92, 481–486 (1969)

Stage I Fracture line

Stage II Sclerosis in cancelous bone. Endosteal 
callus in cortical bone

Stage III Periosteal reaction and callus

Stage IV All the above

Zevas in 1987 [323] presented the grading of long bone 
fractures using scintigraphy:

Scintigraphy: Zevas et al.: J. Nucl. Med., 28, 452–457 (1987)

Stage I Cortical – mild

Stage II Cortical – diffuse

Stage III Cortico-Medulary – mild

Stage IV Cortico-Medulary – diffuse

Swas ST et al., J. Nucl.
Med. 28:452-7, 1987

Disclosure on X-Ray according
to Scintigraphic grading

I II III IV

I    Degree - 5%
II   Degree - 20%
III  Degree - 70%
IV  Degree - 90%

(R)

Fredericson in 1995 [84] further developed by Schweitzer 
in 2006 [264], presented the grading of stress fractures using 
magnetic resonance:

MRI: Fredericson et al.: AJSM 23, 472–481 (1995)

(Following Griffiths et al., AJSM, 1995)

0 Normal

I T2 only: mild to moderate periosteal edema no focal 
bone marrow edema

II T2 only: moderate periosteal edema bone marrow edema

III T1 + T2: moderate to severe edema perioteum and 
marrow

IV T1 + T2: fracture line
Severe bone marrow edema
Severe periosteal and possible muscle edema

MRI: by Schweitzer: Hosp. Bone Joint Dis. (2006)

(presented by Dr. E. Kots)

Stage I Asymtomatic 
No periosteal reaction
T1 – normal
T2 – patchy edema

Stage II Periosteal reaction edema, also around the bone

Stage III Edema periost and medulla
T1 always positive
Yes or no fracture line

The following table presents the relative parallelism of 
the three modules; simple radiography, bone scintigraphy, 
and the three-grade classification of Schweitzer using MRI:

In comparison

Radiography Scintigraphy MRI

Stage I

Stage II Stage I

Stage III Stage II

Stage I Stage IV Stage III

Stage II

Stage III

Stage IV

Differential Diagnosis and Treatment

Differential diagnosis in stress fractures is important because 
of the wide variety of conditions which could be difficult to 
differentiate on scintigraphy [126]. Tibial stress syndrome 
has been mentioned above. Other conditions would be tumors 
[126, 299] benign or malignant, infection, myositis ossifi-
cans (Fig. 23), growth plate normal appearance in children 
(Fig. 14), sub-periosteal hematoma after direct trauma, 
arthritic processes or soft tissue calcification (Fig. 24).

Once diagnosis has been established, the great majority 
of fractures would be treated conservatively by modifying 
activity. Specific cases as the neck of the femur especially 
with a negative bone scan [150] may require bed rest or occa-
sionally surgical intervention [63, 91].
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Anterior cortex tibial stress fractures or the Jones fracture 
in athletes would often do better with surgical treatment.

Most non-displaced stress fractures when diagnosed by 
scintigraphy will grossly need about half the time a full frac-
ture of the same bone would need to heal; this would include 
not rest but only reduced activity. The approximate time 
would be 4–6 weeks in the tibia, 6–8 weeks in the femur and 
3–4 weeks in the metatarsals. In general, pain and X-ray con-
trol are good predicators for a safe return to activity. In spe-
cific cases, like the neck or the femur, MRI follow-up would 
be of advantage. In the military it is convenient to use a flow 
chart which makes the decisions easier to control [75].

Occasionally a fracture will displace or progress to non-
union. In these cases surgical intervention may be required. 
This may be needed in the femoral neck, in a transverse fracture 
of the anterior tibial cortex, in the ankle, the tarsal navicular, the 
fifth metatarsal or the great toe sesamoids [126, 228, 230]. 
Orava and Hulkko in 1987 reviewed 37 delayed and non-unions 
which comprised 10% of their total series of stress fractures. 
Six percent of the total series eventually needed surgical inter-
vention [228]. Similar figures were shown by Hulkko in 1988 
[126] and by Ha et al. in 1991 [109].

Intra-articular subchondral stress fractures of the femoral 
head could lead to fast deterioration and joint destruction, as 
described in four healthy adults by Buttaro et al. in 2003 
[47], and further described by Song in 2004 [280]. A possi-
ble association of avascular necrosis of the tibial or femoral 
condyles to a stress fracture at the same location was sug-
gested by Narvaez et al. in 2003 [212]. Relation of a sub-
chondral stress fracture of the femoral head to transient 
osteoporosis or of a subchondral stress fracture of the femo-
ral condyle to avascular necrosis has been described by 
Adriaensen et al. in 2009 [2].

Various physical modalities have been tried in treatment 
of stress fractures, as capacitively coupled electric fields 
[17], shock wave therapy or low frequency pulsed ultra-
sound. These are discussed by Hetsroni et al. in a separate 
chapter of this book.

Prescription of Non-Steroid Anti-Inflammatory Drugs 
(NSAIDs), once widely used in stress fracture treatment 
for their pain-reducing effect, is not encouraged today 
because of their observed negative effect on bone healing 
[77, 161, 288, 316].

Prevention

Complete eradication of stress fractures, a goal which 
could be considered in sport, is probably not possible in 
the military setup, where training is done as a group. 
Though internal risk factors as genetics or body build could 
be considered, the direction of preventive programs is to 
modify the external risk factors.

Fig. 23 Myositis ossificans after muscle injury in a youth involved in 
martial arts

Fig. 24 A bone scan showed bilateral local uptake in the foot in a regu-
larly exercising middle-aged woman. A computerized bone scan and 
X-ray failed to show a stress fracture and the case was diagnosed as 
arthritic changes
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A well-constructed, light and comfortable shoe has been 
shown to reduce the incidence of stress fractures in male 
Border Police recruits [19, 182]. The same tendency has been 
shown in females, not reaching statistical significance [186]. 
Gillespie and Grant in 2000 [100] and Rome et al. in 2005 
[252] conducting an evidenced-based literature research, 
showed the positive effect of a shock-absorbing insole. 
A controlled training program [186] possibly with reduced 
stress every 3 weeks has been utilized since Scully and 
Besterman’s work in 1982 [267], though the necessity for a 
periodical reduction of stress has been questioned [77, 244].

In 2006 Milgrom et al. summarized the work in the Israeli 
Army since 1982 [204]. This was presented again in the 
“State of Science Stress Fracture Research Conference” at 
Fort Jackson Columbia, February 2008 [77] and eventually 
published in 2008 [76]. Four interventions were adopted: 
reducing cumulative marching to less than half, limiting 
informal running (punishment running), engaging sleep dis-
cipline with increasing sleeping hours from 3–4 h a night to 
5–6 h, and increasing the role of theoretical and combat 
skills. Three results were apparent over the years: stress frac-
ture incidence was reduced by 62.3%, there was an apparent 
shift to lower grade fractures, and the femur replaced the 
tibia as the dominant bone involved.

Kang claimed the advantage of reducing running on hard 
surfaces [146]. Beginning training at an early school age 
was shown by Mann et al. to reduce the eventual occurrence 
of stress fractures in Border Police male infantry recruits 
[183–185]. Rauh in 2006 demonstrated a reduction of stress 
fractures by weightlifting with the lower limb [248]. 
Milgrom in 2000 showed basketball to reduce the stress 
fracture rate in males who were involved in basketball prior 
to their army service [208]. Similar findings were shown by 
Fredericson in 2005 [85].

Reducing running in military training and replacing it 
with a more needed function of army combat, as marching 
with heavy combat gear, has been discussed by Rudzki in the 
Australian army. The programme reduced the injury rate and 
the loss of fighters resulting from injuries, without a negative 
significant effect on the aerobic fitness [77, 254–256].

In 1996 female fighters were allowed to join the Israeli 
Border Police in combat duties. The first platoon presented 
with an incidence of 35% stress fractures, 27% considered 
dangerous. An intervention program was designed inclusive 
of a graduated training program, shoe replacement, nutri-
tional modification and pre-selection of candidates with a 
pre-conscription training program. The general incidence of 
“dangerous” stress fractures, defined as stress fractures of 
the long bones and the navicular, decreased from 27% to 
15%, and grade II of the same decreased from 19% to 8.3% 
[186]. This did not reach statistical significance.

In 2003, an attempt was made in Israeli Border Police 
female infantry recruits to reduce the weight of the fighting 
gear and to approximate it to the body center of gravity. The 

total weight was reduced from 12,510 to 9,420 g, or by approx-
imately 25%. This resulted in an immediate reduction of the 
total number of female fighters suffering from stress fractures, 
which reduced from 18.3% to 7.9%, compared to a historical 
group [55, 119]. A clear and significant reduction was also 
shown for stress fractures of the tibia and the femur both for all 
grades of the “dangerous” stress fractures as also for grades II 
or over [119]. The average loss of training days was reduced 
from 2.8 to 1.4 days per female fighter [55, 119].

In conclusion, it appears that multiple interventions have 
the potential to reduce the incidence of stress fractures.

Summary and Conclusions

1. General
A stress fracture is caused by repeated stress acting on a 
bone which is not sufficiently strong to withhold the 
stress. The first cases were published in the Prussian army 
in 1855 by Breithaupt and large series have since been 
published both from the military and from the civilian 
setups.

2. Incidence of stress fractures
As opposed to previous reports showing a dominance of 
metatarsal and calcaneal fractures, most series today 
show a dominance of 30–70% tibial fractures, followed 
by femoral fractures. This tendency is stronger in military 
reports where the fracture of the fibula, so-called runner’s 
fracture is less dominant than in civilian series. Occurrence 
in the military is usually reported from 5% to 30%. The 
occurrence in athletes is about 0.1%.

3. Etiology and predisposing factors
Factors predisposing to stress fractures are hereditary, 
with blacks injured less and women injured more; per-
sonal body characters such as leg length discrepancy, 
alignment, body type, bone width, hip mobility and the 
arch of the foot; and faulty walking and running biome-
chanics. Other factors are lack of physical fitness, build-
ing an overambitious training program or training with 
bad shoes or hard surfaces. Good shoes and orthotics 
seem to have a potential to reduce stress fractures. Bone 
mass and menstrual disorders, along with eating disor-
ders are additional factors in causing the fractures. 
Starting physical activity at an early age has probably a 
protective factor as is an older age in boys and possibly a 
younger age in girls.

4.  Diagnosis
Diagnosis is based on the clinical history and examina-
tion. This is assisted by X-ray, scintigraphy, computed 
tomography, magnetic resonance, and ultrasound. X-ray 
and scintigraphy should probably be done in most patients 
while scintigraphy, though important, should be utilized 
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with certain care. Computerized tomography and magnetic 
resonance should probably still be reserved for special 
cases. This approach, though, may well change in the near 
future as computed tomography is today accurate, fast and 
available [154, 294] and experience is accumulating in 
magnetic resonance diagnosis of stress fractures [10, 84, 
294] appreciated for its accuracy and safety [262].

5.  Differential diagnosis
Gradual build-up of physical fitness probably best started 
at very early adolescence should be advised. In the mili-
tary and in athletic activity, training should be conducted 
in a cyclic manner and in stepwise increase of stress on 
the musculoskeletal system. It seems that there is suffi-
cient evidence to advise well-constructed shoes and to 
require a shock-absorbing insole for most athletes and the 
majority of infantry recruits. Reduction of running on 
account of increasing marching with heavy gear as well 
as sleep discipline should be encouraged in military basic 
training. Reduction of carried weight and better fitting 
should be practiced in female fighters.

6.  Prevention
Differential diagnosis would include tumors, infections, 
other trauma to the bone and soft tissues, normal bone 
reaction to stress, myositis ossificans and soft tissue 
 calcifications. Over-diagnosis by scintigraphy should be 
remembered, and also the rare but hazardous possibility 
that a fracture would occur with a negative bone scan. 
The possible overlap of the tibial stress syndrome pro-
gressing from a benign condition to a tibial stress fracture 
should also be kept in mind. A true “asymptomatic” stress 
fracture probably does not exist.

7.  Treatment
Treatment would basically be to reduce activity to the 
limit of pain, and in general enable relative rest for 
approximately half the time as a full fracture of the same 
bone would take to heal. Rest enforcement would be con-
sidered in the military environment and usually only in 
potentially hazardous conditions such as advanced stages 
of femoral neck fractures. Certain cases, 5–6% of total 
fractures may eventually not unite, may displace and 
require surgical intervention. Various modalities such as 
shock wave, low intensity pulsed ultrasound and coupled 
electric fields may have a supportive role.
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Jones Fracture
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Omer Mei-Dan, and Meir Nyska 

Introduction

The Jones fracture was originally described by Sir Robert 
Jones in 1902 [26]. He described a fracture that he sustained 
himself while dancing around a tent pole. Though originally 
described as an acute fracture [7, 8, 33] the term is more 
often used inclusive of stress fractures [27, 30] (Fig. 1a, b).

The fracture occurs at the junction of the diaphysis and 
the metaphysis of the fifth metatarsal often involving the 
articular facet between the fourth and fifth metatarsals but 
not extending distal to the facet [7]. It is a transverse fracture 
best known for its nasty tendency to nonunion [2, 10, 19, 24, 
28, 32, 41, 43, 57].

Pathophysiology and Differential Diagnosis

The acute Jones fracture may be caused by a strong adduc-
tion force applied to the plantar flexed forefoot [7]. Weight 
bearing accompanied by a pivoting force may cause an acute 
fracture when force is excessive, or a stress fracture when the 
force is repeated [51]. It has been claimed to possibly occur 
more often in a supinated foot [2] or possibly both in the 
cavus foot which is more rigid and in the planovalgus foot 
because of increased stresses exerted along the lateral foot 
border [12, 51]. This would be along the general trend to the 
higher occurrence of stress fractures in both the high and the 
low arch [54]. Reduction of the forces on the fifth metatarsal 
bone by the use of orthotics has been demonstrated, thus 
raising the possibility of reducing the occurrence of these 
fractures by their use [17]. Repeated traction by the perone-
ous brevis muscle has also been suggested as a causative fac-
tor [49]. The fracture should be differentiated from a 
diaphyseal stress fracture that behaves similar to other meta-
tarsal stress fractures [34] from painful growth center in 
growing athletes (Iselin’s Disease) (Fig. 2), and from the 
avulsion fracture of the base of the fifth metatarsal (Fig. 3) 
which need virtually no treatment at all [9] though some 
would provide a walking cast for 4 weeks [22].
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Occurrence

Metatarsal fractures are dominant in civilian sports, compris-
ing 16–23% of the total number of fractures [6, 13, 23, 35, 
36, 38, 42, 60]. Figure skating has shown an incidence of 
22% [44]. The figures reported in the military are in the range 

of 8–24%, generally lower than the incidence in athletes [11, 
13–15, 18, 34, 50] with some reporting only 2–8% [13–15, 
34, 42]. The exact occurrence of the true Jones fracture is not 
known especially as they are often reported alongside base or 
diaphyseal fractures. The acute fracture is probably more 
prevalent in non-athletes over 21 years and is equally distrib-
uted between both sexes [51]. The stress variety occurs more 
in athletes aged 15–21 and is seen more frequently in males 
[51]. Stress fracture of the fifth metatarsal comprises approx-
imately 5% of stress fractures of the foot [37].

Types of Fractures

Torg in 1984 [57], following a previous publication on stress 
fractures of the navicular in 1982 [56], divided the Jones 
Fracture into three types:

I.  An acute fracture, with no preexisting pain.
II.  A subacute fracture, when the patient complains of 

some degree of preexisting pain. Cortical thickening 
and medullary sclerosis may be evident.

III.  A chronic fracture, with established nonunion.

a

b

Fig. 1 (a, b) The Jones fracture

Fig. 2 Iselin’s disease in a young athlete
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Treatment

The acute Jones fracture and possibly also the subacute (Torg 
type II) may be treated conservatively with a non-weight 
bearing cast for 6–12 weeks [1, 7, 9, 33, 45, 51, 55]. While 
some demand a full 3 months non-weight bearing cast [51], 
others are content with a non-weight bearing cast for 4 weeks 
followed by a weight bearing cast for 3 weeks [22] or pos-
sibly no cast at all if the patient is reasonably cooperative 
[34]. As about one-quarter of the conservatively treated frac-
tures tend toward delayed union or nonunion [27], surgical 
treatment would be preferred on occasion even for the acute 
stage [7]. In 1994, Josefsson [27] pointed out that though 
one-quarter of the conservatively treated fractures will even-
tually be treated surgically, only 12% of the acute fractures 
will be operated as opposed to 50% of the stress fractures. In 
a professional athlete, surgical intervention would be consid-
ered in an early stage, even when no symptoms are apparent 
[4]. In the acute stage, when occurring in an athlete, the aim 
would be to proceed to early surgical intervention which has 
been shown to be successful in this population [59].

When displacement has occurred [55], delayed union is 
apparent (Torg III) [7, 9, 27, 51, 55] or the athlete cannot afford 
the lengthy conservative treatment [7] which may continue up 
to 5 months [9], then surgical treatment should be considered 
using a large cannulated 4.5 mm intramedullary screw [47] 
(Fig. 4) or a large inlay bone graft [20, 40, 45, 51, 58]. A large 
intramedullary screw will give a fixation strength higher than 
forces exerted at walking [46]. It will hasten healing to half the 

time [9] and allow return to sport by 7–8 weeks [47]. Not all 
agree with the concept of using the thickest intramedullary 
screw possible. Shah et al. in 2001 found no difference between 
a 4.5 and a 5.5 mm screw placed intramedullarly in a simu-
lated fracture (Fig. 5) [53]. Kelly et al. in 2001 found a better 
pull out strength for a 6.5 mm intramedullary screw when 
compared to a 5 mm screw [29]. Though no statistically sig-
nificant difference was found in the bending stiffness, the 
authors preferred the larger diameter screw which showed less 
refractures on clinical use [29]. Husain and DeFronzo in 2002 
tested cadaveric specimens and pointed out that a bicortical 
3.5 mm cannulated cortical screw may have a better load resis-
tance than an intramedullary screw fixation and even better 
when the exit site is far from the fracture [25]. A medullary 
screw could be inserted as an outpatient clinic procedure and 

Fig. 3 Avulsion fracture of the fifth metatarsal bone

Fig. 4 A Jones fracture treated with a 6.5 mm intramedullary screw

Fig. 5 A Jones fracture treated with a 4.5 mm intramedullary screw
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will allow walking within 10 days, running within 6 weeks, 
and competing within 9 weeks [39, 45] or less [47]. Surgical 
failures would usually be accounted when using a screw that is 
too small or bone graft which is too small, or failing to rim the 
medullary canal as required [16]. Larson et al. in 2002 pub-
lished a high failure rate in operative treatment, demonstrating 
failures in 6 of 15 cases only [31]. One of six failures pro-
ceeded to complete radiographic union compared to six of 
seven who had no complications. Elite athletes had a higher 
complication rate comprising 83% of the failure group and 
only 11% of the non-failure group. Return to full activity prior 
to full radiographic union predicted higher failure rates. Screw 
diameter showed no statistical difference in failure rate.

Vertullo, in 2004, discussed the rotatory displacement of 
the distal fragment resulting from the muscle traction on the 
distal part of the fracture [59]. He suggested using a surgical 
fixation that would prevent this complication [59].

Capacitively coupled electric fields [3] and pulsed low 
Intensity pulsed ultrasound (LIPU) [5] may have a role in 
treating persistent cases and thus achieving faster consolida-
tion of the fracture.

Fracture of the Base of the Fourth 
Metatarsal Bone

In July 2001, Saxena et al. published five cases of injury to the 
shaft-bone junction of the fourth metatarsal, probably caused 
by forefoot adduction. They pointed out the behavior of the 
fracture which was similar to the Jones Fracture of the fifth 
metatarsal with slow healing and delayed return to activity 
over 2–8 months (Fig. 6). They recommended treatment by 
immobilization and non-weight bearing for 3 weeks followed 
by a similar period of weight bearing immobilization [52]. A 
second series has been published by Hezroni et al. [21], who 
reported having good experience with Low-Intensity Pulsed 
Ultra-sound (LIPU) therapy (“Exogen” or “Melmek”).

Summary

The Jones fracture was originally described in 1902 as an acute 
transverse fracture just distal to the base of the fifth metatarsal 
bone. The fracture could occur following an acute injury, fol-
lowing an acute injury super imposed on a partial stress fracture, 
or as a classic stress fracture with no apparent acute trauma.

Conservative treatment with non-weight bearing with or 
without a cast for 6–12 weeks will usually suffice for the first 
two fracture types. Surgical treatment with a large intramed-
ullary screw or inlay bone graft will be performed in cases of 
delayed union, displacement or lack of willingness of the 
athlete to cooperate with a 3–6 month program of conserva-
tive treatment. Surgical treatment would also be seriously 
considered for professional top level athletes, even when 
asymptomatic, more so when presenting with an acute frac-
ture. Surgical treatment will allow resumption of walking 
within 10 days, running within 6 weeks, and competition 
within 7–9 weeks of the injury.
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Tarsal Navicular Stress Fractures
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Introduction

Stress Fractures of the tarsal navicular (Fig. 1a–d) have been 
considered relatively unusual [15]. The tendency for non-
union with or without avascular necrosis [20] has made this 
fracture unwelcome in sports medicine clinics [2, 5, 11, 12, 
17, 22, 26, 36, 37, 47].

In 1982, Torg reviewed 21 cases of navicular stress frac-
tures [47]. Further publications by Khan [26], Kiss [27], 
Matheson [33], Benazzo [5], and Brukner [8] brought to our 
attention that these fractures may not be as rare as previously 
believed.

Pathophysiology

The Navicular bone may be repeatedly compressed 
between the talus and the cuneiforms during repeated 
stress [9, 38]. The bone is “bent” in the sagittal plane as 
the first cuneiform medially and the second and third cune-
iform laterally compress the bone over the convex talar 
joint surface [9, 26] (Fig. 2). Reduced dorsiflexion of the 
ankle may be a contributing factor as demonstrated by 
Agosta and Morarty [9], a short first metatarsal and a long 
second metatarsal have also been mentioned as possible 
causes [47] but not the shape of the arch [46]. Excessive 
subtalar pronation has also been suggested as a possible 
contributing factor [9]. The bone in this location has a 
sparse blood supply, which would contribute to its disabil-
ity to withstand repeated stress [9, 25, 50]. The fracture 
appears usually in the sagittal plane [26] (Fig. 3) and 
involves the dorsal middle third of the bone [26, 27], in 
96% is partial [27], 10% of the fractures involve 10% or 
less of the height of the bone [27].

Navicular stress fractures are seen in athletes using explo-
sive force such as jumping or sprinting, inclusive of figure 
skating, ball games, and dance [28, 30, 43]. These fractures 
are also seen in long distance runners if they use the forefoot 
in the foot strike [10, 13, 17, 22, 38, 49].
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Epidemiology

Previous work in the Finnish and Israeli military as summa-
rized by Mann in 2000 [31], and in the Israel Border Police 
[32] disclosed only few navicular stress fractures. Research 
with figure ice-skating reported 22% of the total stress frac-
tures in ice-skating to be navicular stress fractures (two of nine 
cases) [41]. Within the athletic population [5, 8, 19, 26, 27, 33], 
navicular stress fractures comprised 3% of the total stress frac-
tures in Korean athletes [19], 14.5% of stress fractures in the 
Australian athletes [26], and 35% of the stress fractures of the 

Australian track and field team [26]. These fractures comprise 
approximately 3% of stress fractures of the foot [34].

Diagnosis

Deep located pain, insidious in onset, occurring after 
sprinting, running, or jumping should raise the suspicion of 
a navicular stress fracture [1, 9, 11, 12, 17, 26, 29, 39]. The 
pain may radiate to the distal forefoot medially or dorsally 
[9, 46, 47] and a limp may be apparent [17, 23, 46]. Physical 

a

c d

b

Fig. 1 (a) A navicular displaced stress fracture as seen on a lateral x-ray. (b–d) A navicular stress fracture as seen on a computerized tomogram 
performed in the coronal and in the transverse planes
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examination will disclose local tenderness of the navicular 
on the dorsal aspect of the foot [9, 25, 26] and often reduced 
dorsal flexion and subtalar motion [30, 43, 47]. Pain may 
be reproduced by hopping [17]. Imaging will include 
x-rays, which are often of low sensitivity [9, 26], inclusive 
of a lateral stress view if a dorsal “avulsion stress fracture” 
is suspected [38] (Fig. 4) and a planter view [40]. X-rays 
will often show changes in the surrounding joints already 
on the original views [9]. X-rays have been shown by Khan 
to be originally positive for a fracture only in 14% of cases 
[25]. The bone scan will show high sensitivity usually 
showing a strong reaction of the whole navicular bone 
[9, 26, 45] (Fig. 5). A computerized tomogram (CT) will 
disclose the fracture when the appropriate protocol is used  
[1, 9, 26, 27, 45]. 1.5 mm slices are used on the axial view 
and 3 mm slices on the coronal view [27]. The CT is the 

most accurate of the imaging method for the navicular 
stress fracture. The CT will also differ in a stress reaction 
picked up by the bone scan from a true stress fracture [9], 
though 11% of these fractures will not be located on the 
original CT examination [27]. Magnetic Resonance (MRI) 
is not often used in the diagnosis of navicular stress frac-
ture though it has been used for serial follow-up of healing 
[23, 45] alongside local sensitivity [3, 9] and pain during 
activity [9]. Diagnosis is frequently delayed by 4–7 months 
because of the vague symptoms and frequently normal ini-
tial x-rays [16, 29, 39, 42, 47].

Types of Navicular Stress Fracture

Kiss evaluated CT findings in 55 stress fractures of the navic-
ular [27]. Seventy-eight percent were linear, 9% were linear 
with a fragment, and 11% were rim fractures with an ossicle. 

1st

Cun.

2nd
Cun. 3rd

Cun.

TALUS

R
elative

A
vasc.

Z
one

Fig. 2 The navicular is compressed and “bended” repeatedly at the 
relative avascular zone by the first cuneiform medially and the second 
and third cuneiforms laterally over the convex joint surface of the talus

A stress fracture

in the sagittal plane

Navicular

Fig. 3 A partial fracture in the sagittal plane of the navicular

Fig. 4 Plain x-ray showing a dorsal stress fracture of the navicular. 
When the x-ray was taken this 17 -year-old female dancer had no 
remaining symptoms related to the fracture

Fig. 5 A bone scan showing high uptake of the navicular bone repre-
senting a stress fracture
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The last type was further defined by Orava [38] who described 
a dorsal triangular fracture (stress avulsion fracture), which 
would benefit from surgical excision (Fig. 6).

Differential Diagnosis

A bipartite navicular should be suspected according to its 
appearance on x-ray and CT [44]. This could be a painful 
condition and a bone scan could be mildly positive. An 
accessory navicular (Fig. 7a–d) would show only medial 
uptake on the bone scan, the bone would be sensitive not 
dorsally but rather medially and an x-ray would disclose the 
accessory bone [9]. Bone reaction to stress will show uptake 
on the bone scan but the CT will be normal [9] (Fig. 5). 

Fig. 6 A dorsal triangular stress fracture of the navicular in an athleti-
cally active middle-aged female

a

c

d

b

Fig. 7 An accessory navicular: (a) As located on the foot.(b) As seen on bone scan. (c) As seen on x-ray. (d) As seen on computerized 
tomogram
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Osteochondritis dissecans (OCD) should be considered in 
the differential diagnosis. It is often difficult to differentiate 
the lesion from a stress fracture (Fig. 8a, b).

In all cases, especially those with a complete fracture, 
avascular necrosis or Kienboeck’s disease should be kept in 
mind, especially in youth and childhood [31]. This disease 
involves the whole bone and is treated conservatively in the 
great majority of cases. Tarsal coalition of various types 
should always be searched for clinically and radiologically 
[31] as they may cause excessive force on the navicular and 
on other tarsal bones (Fig. 9).

The Acute Fracture

A mention should be made of acute tarsal navicular fractures [4]. 
These are rare and should be suspected after acute foot injury 
when central foot pain continues. Diagnosis is not obvious 
and delayed diagnosis and treatment is not unusual [4]. Bartz 
and Marymont described two cases in baseball at bat, both 
delayed in diagnosis [4]. In this aspect, a similarity to navic-
ular stress fractures is apparent.

Treatment

Khan in 1994 [26], summarized the treatment previously 
given for navicular stress fractures. The method of “weight-
bearing rest,” or stopping physical activity with or without a 
Weight Bearing Cast, met with a high rate of failure [17, 25, 
37, 47]. Only 24% of 45 cases healed while weight bearing, 
though symptoms were largely alleviated [9, 26]. Apparently, 
the weight bearing did not allow osteoblastic activity to 
bridge the fracture [18, 35]. Treatment by “non weight bear-
ing-cast immobilization” achieved union in 89% of 36 cases 

[9, 26]. Accordingly, Khan recommended treatment by non-
weight bearing with immobilization for 6 weeks, followed by 
6 weeks of rehabilitation program [9, 26] and followed up on 
a clinical basis based on pain on activity and dorsal sensitiv-
ity on examination [3, 9, 26]. Other publications recommend 
similar treatment [5, 22]. To follow up union, MRI [3] or CT 
may be used, which might show union beginning at 6 weeks 
and complete union at 4 months [27]. All types of treatment 
may be assisted by a well-fitted orthotic device [9].

Surgical treatment is usually not necessary and not rec-
ommended [22, 26, 31]. As these fractures are often diag-
nosed late, patients may often decide to reduce their physical 
activity and not proceed with surgical or other treatment [31]. 
Patients undertaking conservative treatment should be cau-
tioned that healing may take 4 [27] to 6[26] months. Healing 
may possibly be assisted by pulsed low intensity ultrasound 
[7] or capacitively coupled electric fields [6].

Surgical treatment for painful persistent nonunion remains 
an option in selected cases [14, 17, 22]. Ha in 1991 presented 

a b

Fig. 8 (a) A stress fracture of the navicular as seen in a transverse plane CT. (b) Osteochondritis dissecans of the navicular as seen in a coronal 
plane CT

Fig. 9 Subtalar coalition will exert excessive stress on the tarsal navic-
ular bone
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within a series of 169 fractures, five navicular fractures who 
were all treated surgically. Hulkko and Orava presented sim-
ilar experience in their series of Finnish athletes [21] and 
Orava in 1993 presented similar experience with the dorsal-
avulsion stress fracture [38]. Surgical treatment will be 
assisted by opening the talonavicular joint to locate the frac-
ture [9, 17] and marking the site with a Kirshner wire [9]. 
Surgery may include internal fixation with a screw or curet-
tage and bone graft [9].

Overall, there seems to be a growing tendency to refer to 
surgical treatment in selected cases [36] as non-union [24, 
36] or displaced fracture [24]. Puddu et al., in 1998 follow-
ing Torg [48] and Khan [25] suggested the following outline 
for treatment [43]:

1. Noncomplicated partial fracture and nondisplaced com-
plete fracture: non-weight bearing plaster for 6–8 weeks.

2. Displaced complete fracture: treatment as above or, alter-
natively, surgical reduction and fixation followed by non-
weight bearing immobilization in plaster for 6 weeks.

3. Fracture complicated by delayed union or nonunion: 
curettage and inlaid bone grafting with internal fixation of 
unstable fragments (without attempting reduction because, 
in general, there is already a fibrous union). Any sclerotic 
fragment found must not be removed but must be fixed. 
After the operation, a non-weight bearing cast must be 
applied for 6–8 weeks. Recovery is monitored by radio-
graphs (sometimes 3–6 months are necessary).

4. Partial fracture complicated by a small transverse dorsal 
fracture: the dorsal fragment may have to be removed.

5. Complete fracture complicated by a widespread  transverse 
dorsal fracture: recovery takes place by immobilization.

Dorsal talar beaks must be removed during surgery.
Peterson and Renstrom [42] pointed out the high rate of 

refracture, delayed union, and nonunion after surgery, which 
may necessitate repeated surgical procedures. The original injury, 
the preexisting foot anomaly (as subtalar coalition or reduced 
dorsiflexion), the surgical procedures, and the immobilization 
may all contribute to arthritic changes around the injured bone 
and enhance a disappointing and less than optimal final result.

Summary

Navicular stress fractures are apparently not unusual in ath-
letics though they seem to be scarcely reported in the mili-
tary. They present as vague insidious on setting pain on 
activity, alleviated by rest, often radiating distally to the fore-
foot. Bone scan will show strong uptake, and a CT will define 
the diagnosis. The great majority of the fractures are partial 
always including the dorsal middle third of the bone. 
Avascular necrosis, Kienboeck’s disease, and tarsal 

coalition, especially subtalar coalition, should always be 
excluded as should bipartite navicular, an accessory navicu-
lar or a stress reaction.

Athletes may decide to retire and not proceed with treat-
ment. “Weight bearing rest” does not seem to allow reason-
able healing and treatment should comprise of “non-weight 
bearing cast immobilization” for 6 weeks followed by 
6 weeks of rehabilitation. The healing process is followed by 
estimating pain and local sensitivity and possibly repeated 
CT or MRI. Healing may be expected at 3–6 months. 
Occasionally, surgical means would be required, including 
internal fixation with a screw or curettage and bone grafting. 
Conservative or surgical treatment may be aided by a well-
fitted orthotic.

Surgical intervention has a relatively high occurrence of 
failure and complication and the patient should be informed 
of possibly less than optimal results before surgical treat-
ment is initiated.
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Sesamoid Stress Fractures

Gideon Mann, Iftach Hetsroni, Naama Constantini,  
Eran Dolev, Shay Shabat, Alex Finsterbush, Vidal Barchilon,  
Omer Mei-Dan, and Meir Nyska 

Introduction

The term “sesamoid” is derived from the Greek word “sesa-
mum” due to the resemblance of the bone to the seeds of the 
plant Sesamum indicum used as a purgative by the ancient 
Greeks [4, 10] (Fig. 1).

Sesamoid stress fractures occur in a wide variety of sports 
such as football, long distance running, sprinting, dancing, 
basketball, tennis, and figure skating [7, 9, 11, 16, 26]. Injury 
of the sesamoid could cause incapacitating pain on athletic 
activity [24].
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Fig. 1 The sesamoid bones of the great toe, as seen on an axial com-
puterized tomogram
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Pathophysiology

Stress fractures of the sesamoid comprise approximately 5% 
of foot stress fractures [15]. They usually evolve following 
repeated traction [23] while acute fractures could occur fol-
lowing both direct compression injuries such as a fall and 
traction injuries [4, 13]. The stress fracture involves mostly 
the medial sesamoid [3, 14, 23, 27], though either sesamoid 
could be involved, the lateral or the medial [5, 11, 18] 
(Fig. 2a–c).

Sesamoid stress fractures have a strong tendency to non-
union, probably more than any other bone [20]. Orava and 
Hulkko have shown nonunion in 15 of 37 cases and only 10 
of 15 showed union after using modified foot wear and rela-
tive rest [20].

Clinical Presentations

Pain is of insidious onset and unusually long standing. It is 
poorly localized, occurring during or after activity and 
relieved by rest [13, 23]. Pain is increased by hyperextension 

of the great toe and by local pressure. Occasionally, pain is 
severe and could be devastating to an athlete [24].

Diagnosis

Diagnosis is confirmed by x-rays inclusive of an anterior-
posterior projection, a lateral projection, and an axial projec-
tion and by a bone scan [3] (Fig. 3), which would differentiate 
a fracture from a bipartite sesamoid. It should be mentioned 
that bone scans have been claimed to show some uptake in 
the sesamoid of normal feet in up to 30% of the population 
[6]. Serial x-rays in intervals of 3 weeks [13] and up to 3 or 
6 months [25] would be helpful if a preinjury x-ray showing 
no partition is unavailable, which is usually the case. 
A Computerized Tomogram (CT) gives an accurate and clear 
image of the injury [3].

A fractured sesamoid would usually show equal sized 
fragments, ragged in texture, while a bipartite sesamoid 
would have smooth and unequal fragments [13] (Fig. 4). 
Seventy-five percent of bipartite sesamoids are bilateral 
[8, 12, 17].

a b

c

Fig. 2 Stress fracture of the sesamoids: (a) In the axial view. (b) In the anterior-posterior view. (c) In the lateral view
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The fracture line would usually be transverse, with osteo-
porotic edges which would become smoother in time [4]. 
Further fragmentation could be seen [4]. Both computerized 
tomograms (CT) [2] and magnetic resonance (MRI) [5] have 
been suggested for accurate diagnosis. Osteochondritis dis-
secans or osteonecrosis (Fig. 5) could occur [19] and radio-
logically could be difficult to differentiate from a bipartite 
sesamoid or a fragmented stress fracture (Fig. 6).

Treatment

Treatment would therefore be relatively aggressive with 
orthoses preventing Hallux dorsiflexion and padding along 
side with relative rest [23] probably for 3–6 weeks. If symp-
toms are severe a platform cast for 6 weeks with protection 

from toe dorsiflexion may be used [13, 15, 16], controlled by 
repeated x-ray [13]. Others recommend a cast, possibly non-
weight bearing, for 6 weeks as the initial treatment [2, 4], with 
appropriate padding to reduce pressure on the injured bone.

If symptoms persist, bone grafting may be attempted [1], 
though excision of the fractured sesamoid is probably more 
often practical [3, 11, 13, 15, 23], a procedure allowing return 
to full activity often after an initial 3-week period of immo-
bilization [11]. Excision could be total or partial [4, 22]. 
Shaving has been practiced [24]. Excision of both sesamoids 
is not advised [24]. Medial partial sesamoidectomy has also 
been described as an arthroscopic procedure [21].

Summary

Stress fractures of the sesamoids occur following repeated 
traction and usually involve the medial sesamoid. Acute 
injury caused either by crush or by traction (“Turf Toe”) 

Fig. 3 A bone scan showing high uptake of the great toe sesamoids, 
representing a stress fracture. The injury to the ankle is unrelated

Fig. 4 A bipartite sesamoid shows unequal size fragments with smooth 
surfaces as opposed to the equal sized fragments with ragged surfaces 
seen in a stress fracture as in Fig. 2

Fig. 5 The picture represents most probably avascular necrosis of the 
sesamoid. The cause, in this case, was unknown

Fig. 6 A fragmented stress fracture of the sesamoid
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would involve either sesamoid. Pain is insidious and long 
standing. Diagnosis is clinical, as pain is caused by both toe 
dorsiflexion as by local pressure. Diagnosis is assisted by 
x-rays and bone scan and occasional CT or MRI. Radiological 
Differential Diagnosis includes bipartite or multipartite sesa-
moid or osteochondritis. Clinical Differential Diagnosis 
includes mainly sesamoid chondromalacia or osteoarthritis, 
the latter of which could be apparent on x-ray. The sesamoid 
stress fracture has a strong tendency to nonunion. Treatment 
should be initiated immediately after diagnosis and includes 
orthoses or cast for 6 weeks with a platform to prevent toe 
extension.

If clinical and radiological healing fails to occur, surgical 
treatment by partial or total excision of the sesamoid should 
be initiated followed by 3 weeks of immobilization before 
gradually returning to sports. In selected cases, bone graft to 
the fracture could be considered.
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Foot and Ankle Stress Fractures

Sakari Orava and Janne Sarimo

Introduction

Stress fractures of the foot are the most common stress frac-
tures both in athletes and in military recruits [2, 8, 20]. In foot 
stress fractures of metatarsal bones are seen most often. There 
are, however, lots of others, although the more uncommon 
ones are osteopathies and stress reaction in foot and ankle 
region. The number of stress fractures in the foot and ankle 
region has been estimated to be from 30% to 8% in different 
patient materials of athletes and military recruits [1, 2]. In the 
diagnosis, clinical symptoms and findings arouse a suspicion 
of a stress fracture. The diagnosis is confirmed and healing is 
followed by all radiological imaging methods [14, 30, 31]. 
The treatment of foot stress fractures is usually conservative. 
Rest from the causative factors usually is enough. Results are 
generally very good. Some stress fractures, however, tend to 
become long-lasting and chronic, healing time is long and 
nonunion or pseudoarthrosis may develop [8]. In these uncom-
mon problems, experience and individual treatment modifica-
tions are needed. Risk factors behind recurrent stress fractures 
are important to evaluate. Especially hormonal disturbances 
in young female athletes often lead to slow healing of a stress 
fracture as well as to new stress fractures [2, 16]. Treatment of 
stress fractures using osteoporosis medicines has proven to be 
controversial. Theoretically, they may affect normal people 
positively on new bone building and bone pain [28], but in 
healthy athletes the sum effect of medication can be negative 
[4]. Surgical treatment is sometimes needed in chronic, pain-
ful, nonunion stress fractures of the foot [9, 11, 12]. In this 
chapter, different bone stress reactions, osteopathies, and 
stress fractures are described. Symptoms, clinical findings, 
imaging, diagnosis, and differential diagnosis are discussed 
and outlines of the proper treatment given.

Stress fractures of the foot and ankle region are listed 
and presented more closely below. Most of these fractures 
need only cessation of the physical exercise, which has ini-
tially provoked the symptoms. In some of them, healing is 
delayed, symptoms become chronic and long lasting. 
Delayed unions, nonunions or pseudoarthrosis may develop 
and these cases require special individual “know how” in 
the successful treatment.
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General Symptoms, Signs, and Diagnosis  
of Foot and Ankle Stress Fractures

The main symptom of a stress fracture is pain during and after 
physical exercise. Pain is dull, deep, and at first poorly localized. 
It may go away with a couple of days rest from exercise, but 
symptoms come back when training is again maintained. Later, 
pain starts in the beginning of training, which usually becomes 
impossible to continue. Ache at rest, local swelling, redness, 
and palpation pain may develop. Later, a painful clump or resis-
tance in the bone at the site of a stress fracture can often be 
palpated. Impact at the floor or ground usually causes pain [2, 8, 
20]. Diagnosis can sometimes be done from a detailed training 
history and physical examination, especially in fractures located 
in distal parts of extremities [18]. Diagnosis is usually done and 
suspicion confirmed with radiographs. A stress fracture in the 
diaphysis or distal neck of metatarsals can be seen in 2–3 weeks 
after the onset of the symptoms. The radiographs are positive 
much later in proximal stress fractures of metatarsals and in cal-
caneus, talus, and navicular [2, 31]. In small bones, stress frac-
ture cannot always be seen at all in radiographs. Isotope 
(Technetium 99, three-phase) bone scan will show increased 
uptake of the tracer at the site of fracture earlier, even after 1–3 
days after the onset of the first symptoms [2, 8, 14]. MRI is also 
a valuable tool for early detection of stress fractures in the foot 
and ankle. The use of it is increasing and its sensitivity is as high 
as with bone scan and the specificity of the examination much 
higher [14, 31]. CT scan may show intraosseous fissure lines 
and cavities as well as local osteoporosis at the site of a stress 
fracture [12]. Early detection of stress reactions help sports phy-
sicians to prescribe rest from impact training before a “real” 
stress fracture line or callus appears. This will shorten the time 
of recovery and the rest period before coming back to full train-
ing. In the conservative treatment of stress fractures, local ultra-
sound, magnetic field treatment, and shock wave treatment have 
been used, in addition to braces, splints, supports, bandages, and 
non-weight bearing with walking crutches [2, 8, 32]. However, 
many athletes and military recruits are used to suffering from 
different low grade overuse pains and small injuries, their pain 
threshold can be high, symptoms are often psychologically 
neglected, and the patients do not visit a doctor very early. 
Especially A-type of personality athletes and soldiers ignore 
pain, tiredness, and discomfort in spite of bone stress lesion. 
Therefore, mature stress fractures develop and even total dislo-
cated fractures have been seen during exercises and competi-
tions at the site of stress fractures [1, 8, 9].

Stress Fractures of the Metatarsal  
Bone Diaphysis and Neck

Metatarsal stress fracture was first described by a Prussian 
military surgeon Breithaupt in the year 1855. Radiologically, 
metatarsal stress fracture was first confirmed by Stechow, in 

the year 1897. In athletes this overuse injury was first reported 
by Parker in the year 1934 [2, 8, 20]. Since then, numerous 
reports on the frequency, type, and site of these stress reactions 
have been published. Metatarsals II and III are fixed at their base 
and are most often affected with stress fractures (Fig. 1a, b). 
Bone bending and repeated impact is the cause of the metatar-
sal stress fracture [21]. Stress fractures also appear in IV meta-
tarsal (Fig. 1c), but are rare in the diaphysis of I and V 
metatarsals, which are mobile [8]. Typical site of metatarsal 
stress fracture is distal diaphysis or neck of a MT bone. Callus 
starts to develop after a few days from the onset of a stress frac-
ture. It is often felt with fingers as painful focal swelling. With 
ultrasound, pain at the site of fracture is increased. Radiologically, 
callus can be seen in 2–3 weeks. With isotope scan, CT, and 
MRI, the diagnosis can be done earlier [2, 31]. Some metatarsal 
stress fractures do not cause lot of pain and are sometimes “run 
through” without any rest from physical activity. However, 
complete fractures are also seen, if symptoms are neglected and 
physical stress is continued. The treatment of metatarsal stress 
fractures in simply cessation of physical exercise and impact 
training for 3–4 weeks. Healing can be monitored clinically 
and with radiographs [1, 18]. Gradual return to physical activ-
ity is started 4–5 weeks after the onset of the symptoms. Some 
stress fractures take longer to heal, as well as those, which ini-
tially have been or turned to total or subtotal fractures [17].

Stress Fractures of II, III, and IV  
Metatarsal Bone Basis

Probably due to the relatively firm fixation of the above men-
tioned metatarsal bases, stress fractures may develop very prox-
imally to the II, III, and IV metatarsals. In II and III, the fracture 
line is across the bone and may turn often chronic nonunion 
[30]. In MT IV basis, the fracture line is initiated at the lateral 
cortex of the proximal diaphysis, resembling Jones’ fracture of 
the V metatarsal base [7]. These proximal stress fractures 
should be treated with non-weight bearing (cast or brace) for 3 
weeks, and then with partial weight bearing with cast or with 
solid sole in the foot for another 3 weeks. Solid radiological 
healing may take as long as half a year [7]. In MT II and III 
basis, stress fractures delayed healing or nonunion often devel-
ops (Fig. 2) [30]. Drilling of the fracture area, bone grafting, 
and shortening of the too long bone (usually II or III MT) has 
been used as the treatment [30]. Bone growth stimulator has 
also been tried in treatment of basal MT IV stress fracture.

Jones’s Stress Fracture (MT V)

Sir Robert Jones described proximal metaphyseal metatar-
sal V fracture as an acute fracture. Later, basal metatarsal V 
fractures have been divided as: (1) acute fracture, (2) subacute 
or “acute in chronic” fracture, and (3) “chronic fracture” with 
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established pseudoarthrosis. Acute proximal avulsion fractures 
are differentiated from Jones’ fracture. Type 2 and 3 can also be 
stress-related fractures and symptoms often long precede these 
fractures during physical exercise, when type 1 (acute frac-
ture) occurs without any prexisting pains [2, 11]. In approxi-
mately 25% of Jones’ fractures, delayed union develops [6, 10]. 
Diagnosis is usually done with clinical symptoms and findings 
and confirmed with native radiographs. In delayed or nonunion 
cases, medullary canal is obliterated, lateral cortex is thickened 
and sclerotic, and fracture lines are sclerotic. The fracture on 
the lateral aspect of the MT V basis and callus formation is 
typically minimal.

The treatment of Jones’ fracture conservatively consists of 
using NWB cast for 6–12 weeks. Final healing may take as 
long as 6 months. Therefore, surgical treatment has become 
more and more used [9, 10, 17]. 4.5–6.5 cannulated screws 
have been widely used with moderate results [11]. There are, 
however, failures and complications related to screw technique 
in 20–30% of operated cases [17]. Best end results without sig-
nificant complications were obtained with conventional tension 
band operation method [29]. Running and sports ability after 
operative treatment returns in 2–3 months with successful 
screw or tension band treatment. If bone grafting is used, the 
final healing time is several months longer (Fig. 3a, b).

Fig. 1 (a) Stress fracture of third metatarsal neck  
(b) Stress fracture of third metatarsal shaft  
(c) Stress fracture of fourth metatarsal shaft

a b

c
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Stress Fractures of the Toes

Toe bone stress fractures are very rare. They have been 
described in endurance runners, cross-country skiers, recre-
ational athletes, military recruits, and in some ball games. 
Patients usually have long toes and have been using soft foot-
wear [15, 25]. Toe bone stress fractures are of two main types. 
The fracture is usually in the diaphysis of the proximal phalanx 
or it is an intra-articular medial corner fracture in the first pha-
lanx of the great toe or the second toe [23]. Clinical signs are 
those of “inflammation.” Therefore, differential diagnosis to 
rheumatic disorders as gout, arthropathy, and also infection 
often needs to be done, if the history and onset of the symp-
toms is not clear. Even suspicion of a tumor may appear. 
Radiographs usually are diagnostic, but MRI and bone scan are 
used, too. Healing will take from 1 to 3 months and the affected 
toe often remains swollen much longer. With excision of the 
fragment or biopsy “pseudoarthrosis” can be confirmed.

Stress Fractures of the Sesamoid Bones 
Under the First MTP Joint

Sesamoid bones are constantly found under the first MTP joint. 
They are situated inside flexor hallucis brevis tendon. There 
may be accessory sesamoids sometimes under the other meta-
tarsophalangeal joints, too. These seldom cause any problems. 
MTP I sesamoids can be bi- or multipartite. Therefore, stress 

fractures of these bones are difficult to diagnose with only 
native radiographs and with clinical symptoms [19]. Pain from 
a stress fracture affecting big toe sesamoid is insidious in onset, 
poorly localized dull aching under the toe, especially during 
and after physical exercise consisting of repetitive impact and 
dorsiflexion of the toe with repeated traction [8, 19]. The first 
MTP joint can be swollen and painful for palpation at the site of 
fractured sesamoid. In addition to normal anteroposterior and 
side views, axial tangential radiographs should be taken with 
big toe maximally dorsiflexed (Fig. 4a, b) [8, 19]. MRI, CT, and 
bone scan [8, 19, 31] will show sesamoid stress fractures easily, 
but differential diagnosis may still remain with bi- or multipar-
tite sesamoids, chondromalacia, osteochondritis, necrosis, and 
osteoarthrosis [2, 19]. The real stress fracture line is transversal; 
sometimes there are several fragmented pieces of bone at the 
site of fracture [8, 9]. The fracture line in the beginning is radio-
logically thin and irregular, with time it becomes wider and 
rounds are smoothened [2]. Sesamoid stress fractures seldom 
heal by bony fusion. They tend to become chronic and the risk 
for nonunion is probably bigger than in any other bone in the 
body [9, 19]. Symptoms usually disappear slowly, but training 
has to be light for several months and waiting up to 1 year may 
be needed for healing. Sesamoid stress fracture causes pain, 
discomfort, and incapacity to run, walk, or jump. In active ath-
letes, this long-lasting stress fracture is often treated surgically 
[2, 9, 22]. The whole bone can be excised or only the proximal 
fragment if it is possible to choose, but the more affected or 
more necrotic fragment should be excised. After surgery, proper 
shoes for training must be chosen, as well as gradual come back 
to full-scale physical activity is needed in sports. Final healing, 
postoperatively, may take 2–3 months.

Navicular Stress Fractures

Tarsal navicular bone is stressed during human motion by 
compressive force and bending along distal talar joint during 
ankle dorsiflexion to full plantar flexion. There also is an avas-
cular zone in the middle of the bone, increasing the risk of 
stress fracture during physical exercise – running and jumping 
[8, 13]. The number of tarsal navicular stress fractures was at 
1980s from 1% to 3% in big stress fracture materials [8, 20].

The number of these stress fractures since then has been 
increasing, being from 10% to 35% in latest materials [1]. The 
number has been as high as 59% of all stress fractures in track 
and field athletes, but only from 1% to 15% in ball games [2, 12]. 
No clear explanation for this has been presented. Theories vary 
from “taller and heavier” athletes to “excessive or decreased 
pronation” or to “improper footwear.” No statistically signifi-
cant risk factors have been found, in spite of these intrinsic, 
extrinsic, biomechanical, and psychological factors described 

Fig. 2 Stress fracture of third metatarsal basis
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Fig. 3 (a) Stress fracture of the fifth metatarsal basis (“Jones fracture”) (b) Tension band fixation of MTV stress fracture: 1. early postoperative 
radiograph, 2. radiograph 2 months after surgery, 3. healed fracture after removal of metals 6 months after surgery

a

b1 b2 b3
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[1, 13]. Stress fractures of tarsal navicular bone have a high risk 
for complications, as nonunion or dislocated real fracture 
(Fig. 5a). There often is delay in the diagnosis. Native radio-
graphs usually can be negative for 2–3 months in spite of diffuse 
midtarsal pain. Isotope scan and MRI will show a stress fracture 
earlier. However, the type of fracture and the fracture line is best 
seen with computerized tomography [12]. The conservative 
treatment consists of a NWB cast for 6–8 weeks. If dislocation 
occurs or a clear fracture line is seen, healing time conserva-
tively is long and uncertain. Therefore, surgery has been sug-
gested as the best treatment [5, 13, 22]. Two parallel compression 
screws or absorbable rods have been used (Fig. 5b). Bony heal-
ing after operation will occur in 2 months and today we are not 
using cast postoperatively at all, but solid sole in the shoe and 
full weight bearing without rising up to toes for 6 weeks.

One special type of tarsal navicular bone stress fractures is 
a “stress avulsion” of the superior proximal corner (Fig. 5c, d) 
[9, 24]. This stress reaction is seen most often in long and tri-
ple jumpers. Triangular bone fragment separates from the 
superior navicular corner due to compression against talus. 
The fragment is usually 1–2 cm long in the middle of the 
bone. This stress avulsion may become symptomless with 
time, as the fragment gets rounder and smoother with time. 
Radiographs will show this stress fracture in side views, and 
in isotope scan there is a local hot spot at the site of avulsion, 
as well as in MRI [31]. These examinations also help with the 
differential diagnosis with the supranumerous or accessory 
bone, os naviculare. With several weeks of rest from jumping 
and hard exercise, the avulsion may unite or become sepa-
rated, and symptoms subside. It is, however, often so long-

lasting, painful, and hampers training so much that surgical 
removal of the fragment needs to be done [24]. Sometimes the 
talus corner also is affected, crushed, or fragmented.

Stress Fractures of Calcaneus and Talus

Calcaneal stress fractures were at first seen in military recruits; 
they were also noticed in young physically active individu-
als and recreational runners [2]. In active well-conditioned 
athletes, they are extremely rare. Classical calcaneal stress 
fracture is across the distal calcaneus, internal callus sclerosis 
seen in radiographs. Isotope scan and MRI shows the frac-
ture well and earlier than radiographs [14, 31]. This stress 
fracture heals well with avoiding impact training for 4 weeks. 
Sometimes slow healing occurs, pain is felt in spite of solid 
bone healing, and rest from physical exercise is double longer. 
Another type of calcaneal stress reaction is the stress fracture 
across the lateral calcaneal column. This is usually seen in 
endurance athletes. Only seldom surgical treatment becomes 
necessary. We have made drillings in some delayed healing 
cases, especially on the lateral calcaneal process [27]. Stress 
fractures in talus are of two types. The “real” stress fracture is 
across the anterior “neck” of the talus and intraosseal callus 
sclerosis is seen in radiographs only approximately 4 weeks 
after the onset of the symptoms [8]. The other type is overuse-
induced osteopathy – osteonecrosis, which may occur below 
the joint surface, on lateral or medial corner of the joint, or 
anteriorly against the navicular joint surface, often deeper in 

a

b

Fig. 4 (a) Stress fracture of a lateral sesamoid bone  
(b) Tangential view of a sesamoid stress fracture
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the bone. These stress reactions are painful and long-lasting. 
They often lead to chronic symptoms, osteoarthrosis, and 
stop the sports career. After the diagnosis has been done with 
radiographs, isotope scan or by MRI, one has to start NWB 
treatment and follow the patient in order to see, if the necrosis 
has become wider. Operative treatment with drilling, fixation 
of fragment, or by removing diseased and necrotic cartilage 
and bone may fasten healing [27]. Postoperatively, NWB is 
also important, but ankle motion can often be allowed to keep 
the cartilage as thick as possible. Partial WB is allowed after 
1 month and full WB after 2 months.

Bone Edema in the Foot

Intraosseal bone edema, “bone bruise” or “bone crush” injury 
means intraosseal trabecular bone damage due to sudden 

impact or twisting of the ankle or more often due to long-
lasting overuse. There is diffuse dull pain during training, ach-
ing in rest and after physical exercise. Patients complain of 
diffuse, odd swelling of the foot, it is painful with palpation 
and extreme twisting and mobilization causes pain. Sudden 
impacts are painful, as well as walking first steps in the morn-
ing. After a few days rest, symptoms may disappear and 
patients try training again, which makes symptoms worse [14, 
27, 31]. In radiographs, usually nothing is seen. Therefore, 
other reasons as soft tissue overuse injuries are suspected and 
patients are treated without success. Isotope may or may not 
show anything, but MRI clearly shows the edematous bones or 
areas of bone edema. No fracture line is seen. These intraos-
seal edemas can be located at the proximal parts of MT II, III, 
and IV, in cuneiforms, in cuboid, or talus and calcaneus. If 
MRI is taken early after the symptoms, we cannot exclude the 
possibility of developing stress fracture. Chronic bone edema 
does not heal as solitary stress fractures, pain continues in 

Fig. 5 (a) Stress fracture of tarsal navicular 
with diastasis (b) Screw fixation of the 
navicular stress fracture (c) Superior 
navicular “stress avulsion” fracture (d) Stress 
fracture of the superior navicular corner

a b

c d
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spite of rest and smaller amount of training. When stress bone 
marrow edema diagnosis is done, treatment should be directed 
to increase local circulation with ultrasound, patellofemoral 
groove (LPG), electrotherapy, and by massage. We have tried 
extracorporeal shock wave therapy (ESWT) and intermittent 
pneumatic compression machines, sometimes with success. 
There are, however, cases, which do not react to any kind of 
conservative treatment. Then open or percutaneous drilling 
has been done to change intraosseous pressure conditions and 
healing has often occurred [27, 30]. Training, as running, 
usually is  possible 6–8 weeks after drilling.

Stress Fractures of the Lateral  
and Medial Malleolus

Stress fracture of the lateral malleolus typically occurs at 
the syndesmosis level, usually a little proximally of anterior 
and posterior syndesmosis ligaments. It may sometimes be 
situated more distally. This stress fracture has earlier been 
called as “skater’s fracture” or “runner’s fracture” [2, 8]. 
The mechanism has been valgus position of the ankle and 
foot during physical exercise, due to poor quality of sports 
shoes or structure and anatomy of the foot. Excessive out-
ward rotation of the ankle joint is also detected. Dull pain is 
felt at the site of fracture, which becomes visible in radio-
graphs 3 weeks after the onset of the symptoms, earlier 
with isotope scan or with MRI examination (Fig. 6a) [31]. 
Palpable bone resistance and swelling is often felt when 

callus is mature. The treatment is rest from physical exer-
cise for 4–6 weeks and correction of shoe-, sole-, or ana-
tomical malpositions.

Stress fractures of the medial malleolus are quite uncom-
mon. They may appear to athletes who do lot of running and 
jumping. The mechanism is explained by the fact that talus is 
broadest at its anterior part and narrower at the posterior part. 
In dorsiflexion of the ankle joint, talus is impinged between 
the malleoli, lateral being more elastic due to syndesmosis. 
Recurrent stress is bending medial malleolus repeatedly, 
leading sometimes to a stress fracture. The fracture line is 
almost vertical from the junction of tibia and medial malleo-
lus. It is seldom seen in radiographs, but dislocation often 
occurs and athletes come to examination with fresh complete 
fracture [3, 26]. They have suffered from dull training pain 
medially in the ankle for a few weeks, may have rested, 
trained, and at last a real fracture occurred. If a suspicion of 
a medial malleolar stress fracture arises, MRI, CT, or isotope 
scan should be taken (Fig. 6b). First two examinations are 
best, because they may show a fissure or fracture line verti-
cally at the base of medial malleolus, even if radiographs are 
negative. Only fractures with no fissure line are recom-
mended for nonoperative treatment. Cast or no cast is equal, 
but slight equinus position is needed and healing may take 
2–3 months. Surgical treatment is recommended to chronic 
or fissure/fracture and naturally to dislocated fresh fracture 
cases. Two compression screws are set parallelly to each 
others (Fig. 6c). With postoperative crutches for 2 weeks 
and slight equinus with NWB healing occurs in 2 months so 
that training can be started again [3, 26].

Fig. 6 (a) Stress fracture of the medial malleolus in radiograph (b) CT scan of medial malleolar stress fracture (c) Screw fixation of medial 
 malleolar stress fracture

a b
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Stress Fractures in Military Population

Gilbert Versier, Didier Ollat, Dominique Lechevalier, and François Eulry 

Stress fractures are a well-known pathological entity among 
young sportsmen. They were identified during the Napoleonic 
campaigns after the prolonged marching then. Pauzat [4],  
a major general practitioner in the French army, made the 
first clinical description in 1887. These fractures have to 
be differentiated from traumatic fractures and fractures on 
pathological bone.

Definition

Stress fractures are fractures that appear in normal bone 
without trauma and are facilitated by repetitive constraints. 
These fractures are secondary to an excessive, transitory 
bony reshaping induced by intensive or abnormal physical 
training (prolonged walking), which creates a localized, tem-
porary insufficiency in the bone, giving rise to the fracture.

History

These fractures were initially described in a military popula-
tion. The first clinical report was on a tibia by Breithaup in 
1855. Pauzat made a clinical description of stress fracture of 
the metatarsus in 1887, though we have found some personal 
papers by Pauzat relating to the condition that date from 1872 
[6, 11]. The first radiological description was made by Stechow 
in 1897. One century after Breithaup, Devas described the 
first stress fracture in a sportsman. Now, this kind of fracture is 
considered more of a sportive pathology because it is more 
frequent among athletes than in the military. Gelsen in 1976 
applied body scans (scintigraphy) to this pathology.

Physiopathology

Normally, a bone modifies its structure when it is submitted 
to prolonged, repetitive high constraints (Fig. 1). This leads 
after 7 weeks to an increase in its diameter and cortex in 
order to resist the constraints.
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In this pathology, over-rapid adaptation of bone to the 
constraint can occur, which results in excessive bone reshap-
ing owing to the loading or pressure; these modifications are 
localized and transitory, but they may lead first to a hairline 
crack and then to a fracture. Some associated factors may 
facilitate this process, such as a lower bone density in the 
case of osteoporosis, hypogonadism, or an activity that 
involves long-distance running or repetitive shock (ballet). 
Facilitating factors may be also include such physical condi-
tions as malalignment (genu varum, coxa vara), a disparity 
in the lower limbs’ length, or an excessive length of the fem-
oral neck.

Epidemiology

The frequency is very variable in the literature, between 
1.3% according to Brudvig to 31% according to Milgrom  
[8, 9], in Israel in a population of new recruits. Bernard 
reported it as 4% in France;, 30% has been cited in the US 
Special Forces [1, 4]. In another exposed population – long-

distance runners – Dumont found a rate of 9%; and De 
Labarrere and Rodineau [7] reported 30% among profes-
sional ballet dancers.
This frequency ishigher among females than in males, 
probably in relation to hormonal influences and lower 
bone density. Amstrong [1] found a frequency of 10% for 
females versus 3% for males in a US military population. 
This difference increases after the age of 60; for stress 
fractures due to bone insufficiency in relation to osteopo-
rosis during menopause, the frequency in females could 
reach 80% [11, 15].
The etiology is variable. Bennel [8] had shown the multi-
factor etiology of these fractures (biomechanical, physiol-
ogy, hormonal, nutritional; based on age, gender, activity). 
Some risk factors have been identified [2, 3, 13, 14, 16], 
such as a lower bone density, abnormal geometric charac-
teristics of the bone, the hormonal status of woman ath-
letes, low physical levels in new military recruits. Beck [2] 
in 2000 had made an interesting study on the type of bone. 
The kind of bone that leads to a stress fracture is narrower 
with a thinner cortex, smaller section module, and lower 
density, especially among females. In Israel, Finestone 

Fig. 1 Physiopathology of bone 
reshaping
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and Milgrom [9] in a prospective study about 392 infantry 
recruits, have defined five risk factors for stress fractures 
of the tibia (the most frequent type of stress fracture): 
shorter tibial length, greater valgus knee alignment, right 
leg dominance, external rotation of the hip, and training. 
They also demonstrated the effect of the muscle fatigue 
and the necessity of having good sleep. There is no rela-
tionship with the calcium supply [10, 12, 13].
The location is variable. The most frequent locations are 
the lower limbs (95% of the cases) in relation to activities 
(walking, running) in weight bearing that can involve 
excessive constraints.. Fracture on tibia or fibula accounts 
for half of the cases, followed by the metatarsus, calca-
neus, and femoral neck. The location on metatarsus (sec-
ond or third metatarsus) seems specific for long-distance 
walkers and ballet dancers (63% of stress fractures) in 
relation to distribution of the constraints on the metatar-
sus arch [7]. Less-frequent locations are the iliac crest and 
the spine, with fracture of the isthmus of the vertebra 
(judoka) and fracture of the posterior arch and spine of the 
vertebra (during earthwork). With the upper limbs, some 
cases can occur on the forearm (javelin throwers), or on 
the carpus (players of racquet sports).

Diagnosis

The clinical signs are of prime importance in the diagnosis: 
the presence of intense, repeated and unaccustomed physical 
activity, especially for a long-distance runner, or a young, 
new recruit, often without a sporting background, during the 
first 3 months of military service. Modifications of training 
may be present, such as a resumption of training after a long 
rest, a change of sports, type of footwear or training surface 
(such as onto bitumen), or excessive training before a com-
petition. The chief diagnostic symptom is the pain, which 
has a recent, mechanical character and appears progressively 
or violently. The pain increases with loading (lower limb) 
and decreases with rest. This pain may be located, focal or 
multifocal, and it can lead to a disability. The clinical assess-
ment relies on a typical examination, which identifies a limp 
with absence of support (lower limb), an extremely painful 
zone during palpation (Fig. 2 “two finger palpation”), and a 
late “inflammatory” bony reaction. The palpation detects 
tenderness during digital pressure or bone stretching. 
Deceptive indications are an absence of local signs (espe-
cially in the case of the femur or deep joints): the presence of 
pain at a distance (in the case of the Achilles tendon and 
calf), the presence of hydrarthrosis with an epiphysis frac-
ture, and a swollen foot with an inflammatory aspect (Fig. 3). 
Sometimes, the clinical aspect may resemble a bone tumor 
with negative biological factors [5].

Paraclinical examinations are implemented after the clinical 
indications.

The standard X-ray has to be centered, repeated, and 
extended. The radiological findings may be inconsistent and 
delayed. The most important finding is that a normal X-ray 
does not eliminate the diagnosis of stress fracture.

According to the type of bone, there may be different 
findings:

For the cortical bone (diaphysis), X-rays are initially nor-
mal, then hairline cracks (Fig. 4). The next step is the 
periosteal reaction (apposition) and, later, the appearance 
of the callus.

Fig. 2 The “two finger palpation or bidigital palpation” of the 
calcaneus

Fig. 3 Swollen foot with disappearance of relief tendon
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For the trabecular or cancellous bone, essentially the epiphy-
sis and metaphysis, the stress fracture takes on a special 
aspect with zones of condensation, which are initially diffuse 
and poorly defined (Fig. 5), but then occur in bands (Fig. 6), 
which are perpendicular to the bone and very well defined.

When the fractures are seen at a later stage, the radiological 
aspects are different, with mixed, cortical and spongy find-
ings, sometimes with a displaced fracture or an important 
callus (Figs. 7 and 8).

Scintigraphy (body scan) is an excellent examination pro-
viding early (Fig. 9) and constant hyperfixation. It is able to 
detect the infraclinical forms, especially in the multifocal 
aspect (Fig. 10). Bernard in his study has reported 98 cases 
in new military recruits over a period of 3 years; he observed 
in these cases 102 spots on standard X-ray, 123 painful spots, 
but 177 spots with body scans.

Fig. 4 Hairline crack

Fig. 5 Zone of condensation, diffuse and ill-defined, for a fracture on 
the femoral neck

Fig. 6 Zone of condensation in band, perpendicular to the bone, of the 
calcaneus

Fig. 7 Callus of the proximal part of the tibia
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Ultrasonography may provide an early diagnosis (Fig. 11), 
but it demands an experienced practitioner. The reproduc-
ibility is not reliable.

RMI is limited in terms of its low accessibility. But RMI 
is useful for epiphysis lesions, as for example when a patient 
has a painful hip that makes a standard X-ray difficult or in 
the case of X-ray’s findings that resemble a tumour (periosteal 
reaction). MRI is probably the best noninvasive examination 
to use in early diagnosis (Figs. 12 and 13) for a high-level 
sportsman. An early sign is probably edema in the medullary 
bone, which give a hyposignal T1 and a hypersignal aspect in 
Sat Fat T2 or with gadolinium.

Tomodensitometry has limited use except with special 
locations, as with small bones (carpus, tarsus, especially the 
navicular bone), isthmus of the vertebra (Fig. 14), or for lon-
gitudinal fractures of the tibia.

The strategy for diagnosis is presented in Fig. 15. After the 
standard X-ray, which is the first examination when screening 
for this pathology, the results may or may not lead to a posi-
tive diagnosis. If the diagnosis is made based upon typical 
findings, treatment can begin. If there is doubt, RMI is prob-
ably the best examination without irradiation. If standard 
X-rays are normal, the choice depends on the accessibility to 
RMI or body scans. Another possibility is to proceed with 
treatment in the lack of clear evidence especially when other 
indications would point to such a fracture. An alternative Fig. 8 Callus on the second metatarsus seen later

Fig. 9 Earlier spot on the second 
metatarsus in body scan after no 
findings on standard X-ray
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approach is to wait 3 weeks before conducting further stan-
dard X-rays.

Clinical Course

In most cases, the clinical course is good, with healing of the 
fracture without specific treatment, especially surgical treat-
ment. Sometimes, complications may occur, such as dis-
placement of the fracture especially with lower limbs under 
the action of the constraint and loading (femoral neck, tibia). 
There may also be non-union on small bones (sesamoid of 
hallux Fig. 16, scaphoid of tarsus, proximal part of the fifth 

metatarsus). The pain and ceasing of physical activity (som-
times with mental consequences) may lead to Sudeck’s dis-
ease (Fig. 17).

Treatment

The treatment of the stress fracture has two associated 
aspects: curative and prophylactic treatment.

Curative treatment consists of medical treatment with 
a decrease of sport activities during the time it takes for 
the fracture to heal (6 weeks to 3 months). Total interrup-
tion of activity has to be avoided to conserve physiologi-
cal adaptations to effort and to maintain osteoblastic 
activity. In the same way, adapted musculation has to be 
continued.

For the lower limbs, during the painful period, it is often 
necessary to avoid weight bearing, using sticks or a special 
shoe for fractures of the anterior part of the foot (Barouk’ 
shoe). Pain may be treated by analgesics, but anti–inflamma-
tory drugs have to be avoided because they halt the bone 
healing process. Sometime, plantar orthosis may be used to 
avoid or reduce weight bearing on the fracture (sesamoid). 
For the spine, pain may be decreased with immobilization. 
The resumption of sport activities should be progressive: 
10% of useful training a week, leading to total training 
6–8 weeks after the disappearance of pain. Of course, that 
depends on the type of bone and risk of displacement of frac-
ture and the possibility of nonunion (resumption after 
6 months for the femoral neck).Fig. 10 Multifocal spots on the feet in scintigraphy

Fig. 11 Ultrasonographic aspect of a normal bone on the left and a stress fracture on the right
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There is no place for surgical treatment except to per-
form a biopsy (to preclude the possibility of a tumor), to 
treat a nonunion or malunion, or to treat a stress fracture 
on location where the local mechanical conditions are 
unfavorable, for example on the tibia with an unfavorable 
axis (fracture in the convexity) and on the patella with 
unfavorable action of the quadriceps tendon. The fracture 
with displacement or at risk of displacement has to 
be treated by osteosynthesis (proximal part of the fifth 

metatarsus, femoral neck, and tibia), using standard mate-
rials (plate, screws, pins).

Preventive treatment is probably the most interesting 
because we have to keep in mind that stress fractures are 
the consequence of faults during training. It is based on 
specific information for managers, coaches and those at a 
high risk of excessive training, especially before a compe-
tition or a return to sports after a long period of inactivity. 
That entails, especially for new recruits or sportsmen, the 
necessity to have a progressive and adapted programme of 
training with short rest periods. Sportsmen and coaches 
also have to take into account sport training surfaces, 
shoes, environment, level, and so on. Milgrow [9] in Israel 
found a reduction in incidence of stress fractures between 
1983 and 2008 (31–11.6%). The many ways he identified 
include:

Recognition of risk factors for stress fracture, which has 
led to a risk profile and facilitation of screening of recruit-
sand modifications in army shoes
Using shock-attenuating orthosis and biomechanical 
orthosis of various compositions
Administration of bisphosphonate (risedronate) to recruits 
before and during basic training
Using the combined effect of a minimum nightly sleep 
requirement (6 h a night) and a decrease in recruits’ cumu-
lative marching and running

The conclusion of this study was that a minimum sleep of 6 h 
and lowering the cumulative marching during infantry train-
ing were the most important factors. These changes did not 
affect the quality of the training or the soldiers’ combat 
readiness.

Mechanical vibration may also be a possibility infl-
uencing bone resorption and formation in the growing 
skeleton [17].Fig. 12 RMI with a line in hyposignal T1 on the first metatarsus

Fig. 13 Stress fracture on the calcaneus with no findings on standard X-ray and a line on RMI
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Conclusion

Stress fractures are not rare, especially among athletes and 
new military recruits, but also in people who perform labor 
that requires the recurrent carrying of very heavy loads. The 
context and location are often distinctive and may assist in 

the diagnosis. Confirmation of the diagnosis requires a radio-
logical assessment; sometimes a simple X-ray suffices, but 
often more sophisticated examinations such as MRIRMI, CT 
scans or body scans. The treatment is mostly medical 
or orthopedic, with immobilization. There is no necessity for 
surgery except with bone complications (nonunion, 
 displacement). The main causes are training errors and 
excessive activity.

Fig. 14 A stress fracture of the isthmus of the vertebra on standard X-ray (left) and on CT scan (right)

X-rays

Typical findings

Stop/treatment RMI/TDM

No typical findings Normal X-rays

RMI
or body scan
or ultrasonoraphy
or treatment by presumption
or new x-ray 3 weeks

Clinical selection
Clinical assessment, context and questioning

Fig. 15 Strategy in diagnosis for stress fracture

Fig. 16 Nonunion after a sesamoid stress fracture

Fig. 17 Sudeck’s disease after a stress fracture of the fourth 
metatarsus
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Stress Fractures in Military Personnel  
of Turkish Army

Mustafa Ba bozkurt, Bahtiyar Demiralp, and  H. Atıl Atilla 

Introduction

Stress fractures are one of the most common overuse injuries 
that result from repetitive activity and occur most often in 
athletes and soldiers [30]. These overuse injuries were first 
described by Breithaupt who was a military surgeon and 
studied about Prussian army recruits [18]. Diagnosis should 
be suspected in patients who recently started a new exercise 
program or increased the intensity of the existing program. 
This sudden alteration in the exercise status describes par-
ticularly the military training program for recruits, so that 
this overuse injuries’ prevention and treatment strategies 
become an important issue for armies all over the world. This 
article reviews the etiology, pathophysiology, diagnosis, pre-
vention, and treatment of stress fractures, and experiences in 
the Turkish Army.

Etiology and Pathophysiology

Stress fractures constitute approximately 10% of all athletic 
injuries [30]. Tuan et al. [41] classified stress fractures as 
insufficiency and fatigue types. There are normal stresses 
and muscular activity on abnormal bone in insufficiency 
fractures and commonly occurs in the osteoporotic patients 
and postmenopausal women. On the other hand, fatigue type 
occurs at the normal bone under abnormal muscle stresses. 
Our interest is mainly on fatigue-type stress fractures.

Stress fractures occur due to insufficient and ineffective 
repair response of normal bone to repetitive physiological 
loads [26]. In its pathophysiology, there is an incomplete 
remodeling response to this repeated cyclic mechanical stress 
of bone with the osteoclastic activity surpassing the osteo-
blastic activity, resulting in a weakened bone [17, 23].

Stress fractures occur in most of the bones [30], but are 
commonly seen at the lower extremities [15]. Lower extremity 
stress fractures commonly occur at the tibia and metatarsal 
bones. Pelvis, femoral neck, fibula, and the tarsal bones are 
relatively less common [38]. Early reports told about foot stress 
fractures of military recruits as March fractures [20]. Then the 
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term March fracture came to be used for other stress fractures 
of the lower extremity especially for tibia and femur [27].

Cylic repetetive and weight-bearing activities as running, 
marching, or mountain climbing, which are especially in the 
military training, are the common causes of stress fractures 
[22, 23].

Diagnosis

The exact diagnosis of a stress fracture depends on clinical 
examination [36]. People with stress fractures typically present 
with localized pain, which worsens with physical activity and 
relieves with rest. There is no trauma history but a history of 
new or increased physical activity level [6]. Localized tender-
ness and swelling with erythema and periosteal thickening may 
occur at the fracture site [29]. An early diagnosis is important 
for stress fractures because delayed diagnosis would aggravate 
morbidity. Shin splints (periostitis), compartment syndromes, 
entrapment syndromes, osteomyelitis, and tumors must be eval-
uated for differential diagnosis [19, 29]. Radiographs can be diag-
nostic but its diagnostic value alters due to time interval from 
onset of symptoms and affected site. Until 2–10 weeks after 

symptoms’ onset, fracture cannot be seen by plain radiographs 
[6]. In the early period, lucent zones, periosteal thickening, 
sclerosis, and endosteal callous, and in the late period, fracture 
site can be observed in plain radiographs. They are very spe-
cific but insufficient for differential diagnosis (Fig. 1).

On the contrary, bone scans are not specific but highly 
sensitive for early period of clinical course [6, 7, 11, 33]. 
MRI is more sensitive than bone scans and more specific 
than plain radiographs for detecting stress fractures [24, 25]. 
MRI is especially an important tool for differentiation of the 
lesion from osteomyelitis and neoplasm, so it is useful in the 
chronic stage [19]. Some authors classified the stress frac-
tures via their severity by MRI images (STIR, T2, T1) [2]. 
Although it is not recommended for routine use, low fre-
quency ultrasonography can localize the fracture site by 
increasing the tenderness [4] (Figs. 2 and 3).

Prevention

Likely causes and risk factors must be known to prevent stress 
fractures. Jones et al. [23] described risk factors as intrinsic 
and extrinsic. Intrinsic factors include anatomy and tissue 

Fig. 1 Plain radiography of the right one-third proximal tibia stress 
fracture in the eighth week of training of a 20 year-old recruit with a 
3 weeks history of pain

Fig. 2 Three-dimensional CT of the same patient’s right tibia stress 
fracture



Stress Fractures in Military Personnel of Turkish Army  855

characteristics, demographic data, physical fitness, and health 
status. Extrinsic consist of environmental factors like equip-
ment and exercise type [23]. Several authors described factors 
increasing the incidence such as, female gender [37], younger 
age [32], old age [5], Caucasian race [5], insufficient physical 
conditioning [13], training of both genders in the same course 
[35], menstrual irregularities [34], foot morphology, the highest 
foot arches [28], and lower body mass index [12]. For femoral 
neck stress fractures, abnormal orientation of the acetabulum is 
reported as a risk factor [9]. Lower extremity alignment 

problems [10] and smoking [1] were also reported. Using oral 
contraceptives contributes to a decreased risk of stress fracture 
compared with women not using [3]. Previous stress fractures 
are a risk factor for a new one [31]. Modifications of equipment, 
such as shoes, boots, and insoles may reduce the risk [23, 39]. 
Minor changes in exercise behavior seem to have overcome 
most of the problems [18]. To prevent converting into macro-
scopic fractures, adequate rest is enough for healing [21]. 
Altering sleep regimen and lowering marching exercise for 
recruits has shown to decrease the stress fracture incidence [8].

Fig. 3 Scintigraphy showing the right tibial stress 
fracture



856 M. Ba bozkurt et al.

Treatment Recommendations  
for Stress Fractures

Generally, for all stress fractures, conservative therapy con-
sists of 6–8 weeks rest or resting until pain-free period. Mild 
daily activities, limited walking, warming up, stretching, 
flexibility, and light non-weight bearing exercises like swim-
ming can be approved and recommended. For pain, NSAID 
and ice can be used [16, 33]. For tibial and fibular stress frac-
tures, aircast splinting or casting, for more severe symptoms, 
can be used until painless period and radiographic healing 
evidence occurs. If there is no evidence of healing after 
6 months in tibial fractures, surgery can be recommended [40]. 
For metatarsal stress fractures, short-leg casting or special 
shoes can be used. They usually heal in 4–6 weeks with con-
servative therapy and rarely require surgery. For tarsal stress 
fractures, non-weight bearing short-leg casting for 6 weeks, 
consecutively 4 weeks transitional weight bearing cast and 
then full weight bearing can be allowed. For compression-
Conservative therapy is administered for compression-type 
femoral stress fractures and surgery can be administered for 
tension -type fractures [14].

Author’s Experience

The military service is mandatory for all healthy Turkish 
men for 15 months period. One year before, just before and 
just after recruitment, recruits have three detailed health 
examinations. Candidates who pass all these examinations 
are sent to a 3 month initial training program where the 
recruits have the basic training in order to enhance their pro-
fessional and physical condition and have the property of 
cohabitation.

Between January 2009 and March 2009, 2,500 Turkish 
army recruits underwent their initial training program. All 
participants were evaluated weekly by asking about musculo-
skeletal system. After physical examination, recruits who had 
suspected for stress fractures had taken a plain radiograph. 
The recruits who had a diagnosis of stress fracture via plain 
radiographs were taken to treatment protocol and excluded 
from training program. Recruits who did not have a stress 
fracture evidence via x-rays were taken to an aerobic exercise 
program for 10 days. Recruits who had no complaints after 
this short period returned to prime program but the others had 
a bone scan (Tc 99mDP). Exceptionally, recruits who had 
pain on hip, thigh, and knee and suspected a femoral neck 
stress fracture after examination were sent to bone scan (Tc 
99mDP) directly, although x-ray was negative.

At the end of 12 weeks 143 (5.72%) stress fractures were 
diagnosed in 131 recruits. Of them, 91 (48 right, 35 left and 
8 bilateral) were at tibia (70.1%), 4 (3 right and 1 left) were 

femoral neck (3.1%), 20 (12 right and 8 left) were at foot 
(15.4%), and 16 (6 right, 6 left and 4 bilateral) of them were at 
femur (12.4%). Mean age was 21.02 and all recruits were male.

Eleven of the stress fractures in first, 62 of them in 3, 34 
of them in 8, and 24 of them were detected in 9–12 weeks. 
Among bilateral cases, three recruits (two tibia and one 
femur) had genu vara under 15°. Except this, there were no 
other anatomic associations.

Our Treatment Regimen for Stress Fractures

Tibial Stress Fractures

Splinting recommended for 2–3 weeks until pain-free period. 
Daily living activities, walking, and non-weight bearing 
sports as swimming allowed for 6–8 weeks until radiographic 
healing occurred. Stretching and flexibility exercises recom-
mended during this period. Surgery would be indicated only 
if healing does not occur after 6–8 weeks period in tibial 
fractures, but there was no necessity in our cases.

Metatarsal and Tarsal Stress Fractures

Casting recommended for 4–6 weeks. Then gradually weight 
bearing is allowed. Surgery is indicated only for delayed or 
nonunion.

Femoral Stress Fractures

For all types of collum femoris fractures we performed sur-
gery with three parallel cannulated screws. For distal femoral 
fractures, non-weight bearing exercise were recommended 
for 3 weeks and then they were gradually allowed for load-
bearing exercise.
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Various Modalities to Hasten  
Stress Fracture Healing

Iftach Hetsroni and Gideon Mann 

Introduction

The healing process of a simple acute fracture involves the 
orchestration of numerous cell types and thousands of genes, 
and the meticulous organization of extracellular matrix.  
It progresses through several phases, mainly the inflamma-
tory phase, the reparative phase with callus formation, and 
finally the remodeling phase. As complex as this process is, 
in the case of stress fractures, healing complexity is even 
greater as several factors may interfere with this process and 
prevent optimal healing. These factors include impaired 
blood supply, low oxygen concentration at the fracture site, 
tensile instead of compressive forces across fracture edges, 
preventing union between fragments, and probably other 
known and unknown genetically related, biological, and 
mechanical factors. Another important consideration that 
should receive attention in treating these injuries is that they 
commonly affect relatively young athletic populations, for 
whom long durations of abstinence from sports and competi-
tions may have significant emotional and economical impli-
cations. Thus, enhancing the healing process is an important 
goal for both patients and physicians in this specific type of 
injury. Unfortunately, due to the multifactorial nature of 
stress fractures, this goal is not simple to accomplish. Several 
modalities aimed to hasten the healing process of fractures 
have been developed throughout recent years. Some were 
proposed to contribute to the healing of stress fractures as 
well. These modalities will be discussed in this chapter.

Low-Intensity Ultrasound

The FDA approved the use of low-intensity ultrasound for 
the accelerated healing of fresh fractures in 1994 and for the 
treatment of established nonunions in 2000. In concert with 
clinical trials demonstrating a decade ago the positive effect 
of low intensity US on fracture healing in fresh fractures, 
basic data demonstrated that ultrasound has a positive effect 
on each of the phases of fracture healing, enhancing angio-
genic, chondrogenic, and osteogenic activity. In vitro studies 
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suggest that ultrasound may induce conformational changes 
in the cell membrane, altering ionic permeability and second 
messenger activity. This could lead to alteration in cartilage 
and bone-specific gene expression, accelerating the fracture 
repair process. A recommended treatment protocol involves 
applying the device on the skin over the fracture site for 
20 min once daily, throughout the healing period.

Several double bind placebo controlled clinical trials 
demonstrated accelerated healing with the use of ultrasound 
in tibia and distal radius fresh fractures, while others demon-
strated the favorable effect of this modality on the healing 
process of delayed unions and nonunions [6–8, 13]. In one 
case series, a favorable effect of ultrasound on the healing of 
acute Jones fracture was demonstrated [18]. Nevertheless, 
despite these encouraging results, consistent high-level stud-
ies are not yet available to demonstrate a positive effect of 
ultrasound on the healing process of stress fractures.

Hyperbaric Oxygenation Therapy

Several principles support the use of hyperbaric oxygenation 
therapy for the enhancement of fracture healing. With this 
modality, it is possible to increase significantly the oxygen 
content in the plasma, and consequently the diffusion of oxy-
gen through tissues. This may promote osteogenic activity, 
enhance necrotic bone removal by osteoclastic activity, 
promote neovascularization, and decrease tissue edema. 
Disadvantages of this modality which decreases the popularity 
of its implementation is that it is cumbersome, can be per-
formed only in special facilities and chambers, and is relatively 
expensive. Additionally, it has been demonstrated in in vitro 
studies, at least transiently, to induce DNA damage, producing 
oxygen free radicals.

Several publications demonstrated the usefulness of 
hyperbaric oxygenation therapy for the prevention of avascu-
lar necrosis of the talus and the femoral head [12, 14]. Despite 
these encouraging studies which support the rationale of this 
modality for enhancing bone injury healing, and although 
sports literature has frequently mentioned its use for muscle 
and other soft tissue injuries [1, 10], there is lack of data to 
support its usefulness in the treatment of stress fractures.

Pulsed Electromagnetic Field Therapy

The rationale to use pulsed electromagnetic field is based on 
the fact that in bone, stressed areas produce small electric 
charges through trace elements similar to a piezoelectric 
effect, and these charges attract osteoblasts. It is believed 
that electromagnetic field causes small electric currents in 
the trace elements similar to the piezoelectric effect induced 

by stress, thereby attracting osteoblasts. Pulsed electromag-
netic field is also believed to cause vasodilatation, thereby 
speeding the process of callus formation.

While several studies questioned any fracture healing 
enhancement effect of this modality [2, 4], other case series 
demonstrated a favorable healing enhancement effect of this 
modality in the treatment of stress fractures, in general, and 
proximal fifth metatarsal stress fractures in particular [3, 9]. 
However, despite this apparent favorable effect, there is lack 
of randomized controlled clinical trials to support the effec-
tiveness of this modality on the healing process of stress 
fractures.

Pneumatic Leg Braces

This modality is aimed to hasten the healing of high risk 
anterior mid-tibia stress fractures. The rationale is based on 
the hypothesis that, elevated osseous hydrostatic and venous 
blood pressure produced by this brace can create a positive 
piezoelectric effect, which stimulates osteoblastic activity.

Studies evaluating the effectiveness of this modality on 
the enhancement of mid-tibia stress fracture healing show 
contradictory results. While some authors reported a favor-
able effect on stress fracture healing managed with this 
modality [19], others could not demonstrate any consistent 
positive effect, reviewing evidence-based literature [15]. 
Therefore, while the rehabilitation following tibial stress 
fractures may be aided by the use of pneumatic bracing, the 
effectiveness of this modality on fracture healing is still 
questionable.

Shock Wave Therapy

Shock wave therapy has been shown to potentially have an 
anabolic effect on bone [11, 21]. Microfractures of trabecu-
lae and bleeding in the medullary space have been hypothe-
sized to play a role in this anabolic effect.

Several clinical trials have demonstrated favorable out-
comes with this treatment modality in treating nonunions 
with success rate of up to 80% [16, 17, 20]. Nevertheless, the 
level of evidence of these studies was low, and all used broad 
inclusion criteria. A recent study reported on the results of 
using this modality in the treatment of nonunions related 
specifically to the area of the proximal fifth metatarsal, show-
ing up to 90% healing in 3–6 months period [5]. Although 
this study was a retrospective cohort with no randomization, 
its results are still encouraging in terms of a potential healing 
enhancing modality for stress fractures since nonunion in 
this specific anatomical location is commonly related to a 
stress fracture mechanism seen in athletic populations.
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Other Modalities

Other relatively new modalities, which are generally imple-
mented in the treatment of soft tissue injuries, include laser 
therapy and plasma rich growth factors. The rationale is 
based on improving blood supply and lowering cell damage. 
However, there are no high-level clinical trials relating 
to the application of these modalities in stress fracture 
management.

A review published in 2005, addressing interventions for 
preventing and treating stress fractures and stress reactions 
of bone of the lower limbs in young athletes, could not iden-
tify any high-level evidence to support the contribution of 
any of the above mentioned modalities in the treatment of 
stress fractures [15]. Even pneumatic leg braces, which have 
shown some benefit for tibial stress fractures, were not sup-
ported by strong scientific evidence.

Summary

Stress fractures represent the outcome of a multifactorial 
process. Healing may sometimes become impaired and may 
thus require the consideration of implementing additional 
modalities, other than just rest and activity modification. 
While some of these modalities have been reported to be 
effective in promoting the healing of acute bone and soft tis-
sue injuries, their usefulness in stress fracture healing, and 
particularly stress fractures with high risk for delayed unions 
and nonunions, remains questionable, and further high-level 
clinical trials are needed to prove their effectiveness. 
Regardless of any of these modalities, when treating stress 
fractures, one should never overlook the basics of manage-
ment, which include the identification and treatment of risk-
related factors, alongside rest and activity modification. Only 
then additional modalities may be advised, providing patients 
with data for cost, related risks, and usefulness to the best of 
our knowledge.

References

 1. Babul, S., Rhodes, E.C.: The role of hyperbaric oxygen therapy in 
sports medicine. Sports Med. 30, 395–403 (2000)

 2. Barker, A.T., Dixon, R.A., Sharrard, W.J., Sutcliffe, M.L.: Pulsed 
magnetic field therapy for tibial non-union. Interim results of a 
double blind trial. Lancet 1, 994–996 (1984)

 3. Benazzo, F., Mosconi, M., Beccarisi, G., Galli, U.: Use of capaci-
tive coupled electric fields in stress fractures in athletes. Clin. 
Orthop. Relat. Res. 310, 145–149 (1995)

 4. Freedman, L.S.: Pulsating electromagnetic fields in the treatment of 
delayed and non-union of fractures: results from a district general 
hospital. Injury 16, 315–317 (1985)

 5. Furia, J.P., Juliano, P.J., Wade, A.M., Schaden, W., Mittermayer, R.: 
Shock wave therapy compared with intramedullary screw fixation 
for nonunion of proximal fifth metatarsal metaphyseal-diaphyseal 
fractures. J. Bone Joint Surg. Am. 92, 846–854 (2010)

 6. Gebauer, D., Correll, J.: Pulsed low-intensity ultrasound: a new sal-
vage procedure for delayed unions and nonunions after leg length-
ening in children. J. Pediatr. Orthop. 25, 750–754 (2005)

 7. Gebauer, D., Mayr, E., Orthner, E., Ryaby, J.P.: Low-intensity 
pulsed ultrasound: effects on nonunions. Ultrasound Med. Biol. 31, 
1391–1402 (2005)

 8. Heckman, J.D., Ryaby, J.P., McCabe, J., Frey, J.J., Kilcoyne, 
R.F.: Acceleration of tibial fracture-healing by non-invasive, low-
intensity pulsed ultrasound. J. Bone Joint Surg. Am. 76, 26–34 
(1994)

 9. Holmes Jr., G.B.: Treatment of delayed unions and nonunions of the 
proximal fifth metatarsal with pulsed electromagnetic fields. Foot 
Ankle Int. 15, 552–556 (1994)

10. Ishii, Y., Deie, M., Adachi, N., Yasunaga, Y., Sharman, P., Miyanaga, 
Y., Ochi, M.: Hyperbaric oxygen as an adjuvant for athletes. Sports 
Med. 35, 739–746 (2005)

11. Johannes, E.J., Kaulesar Sukul, D.M., Matura, E.: High-energy 
shock waves for the treatment of nonunions: an experiment on dogs. 
J. Surg. Res. 57, 246–252 (1994)

12. Mei-Dan, O., Hetsroni, I., Mann, G., Melamed, Y., Nyska, M.: 
Prevention of avascular necrosis in displaced talar neck fractures by 
hyperbaric oxygenation therapy: a dual case report. J. Postgrad. 
Med. 54, 140–143 (2008)

13. Nolte, P.A., Van Der Krans, A., Patka, P., Jenssen, I.M., Ryaby, J.P., 
Albers, G.H.: Low-intensity pulsed ultrasound in the treatment of 
nonunions. J. Trauma 51, 693–702 (2001)

14. Reis, N.D., Schwartz, O., Militianu, D., Ramon, Y., Levin, D., 
Norman, D., Melamed, Y., Shupak, A., Goldsher, D., Zinman, C.: 
Hyperbaric oxygen therapy as a treatment for stage-I avascular 
necrosis of the femoral head. J. Bone Joint Surg. Br. 85, 371–375 
(2003)

15. Rome, K., Handoll, H.H., Ashford, R.: Interventions for preventing 
and treating stress fractures and stress reactions of bone of the lower 
limbs in young adults. Cochrane Database Syst. Rev. 2, CD000450 
(2005)

16. Rompe, J.D., Rosendahl, T., Schollner, C., Theis, C.: High-energy 
extracorporeal shock wave treatment of nonunions. Clin. Orthop. 
Relat. Res. 387, 102–111 (2001)

17. Schaden, W., Fischer, A., Sailler, A.: Extracorporeal shock wave 
therapy of nonunion or delayed osseous union. Clin. Orthop. Relat. 
Res. 387, 90–94 (2001)

18. Strauss, E., Ryaby, J.P., McCabe, J.: Treatment of Jones fractures of 
the foot with adjunctive use of low-pulsed ultrasound stimulation. J. 
Orthop. Trauma 13, 310 (1999)

19. Swenson Jr., E.J., DeHaven, K.E., Sebastianelli, W.J., Hanks, G., 
Kalenak, A., Lynch, J.M.: The effect of pneumatic leg brace on 
return to play in athletes with tibial stress fractures. Am. J. Sports 
Med. 25, 322–328 (1997)

20. Wang, C.J., Chen, H.S., Chen, C.E., Yang, K.D.: Treatment of non-
unions of long bone fractures with shock waves. Clin. Orthop. 
Relat. Res. 387, 95–101 (2001)

21. Wang, F.S., Yang, K.D., Chen, R.F., Wang, C.J., Sheen-Chen, S.M.: 
Extracorporeal shock wave promotes growth and differentiation of 
bone-marrow stromal cells towards osteoprogenitors associated 
with induction of TGF-beta1. J. Bone Joint Surg. Br. 84, 457–461 
(2002)



Part

Muscle and Tendon Injuries
XII



M.N. Doral et al. (eds.), Sports Injuries,  
DOI: 10.1007/978-3-642-15630-4_110, © Springer-Verlag Berlin Heidelberg 2012

865

Tendinopathies in Sports:  
From Basic Research to the Field

Kai-Ming Chan and Sai-Chuen Fu 

Musculoskeletal disorders are the leading cause of disability 
around the world, accounting for 25% of total cost of illness. 
Among all major musculoskeletal disorders, the impacts of 
tendinopathy may be underestimated. Tendinopathy refers 
to chronic tendon pain, which accounts for about 30–50% 
of all sport injuries including tennis elbow, jumper’s knee, 
Achilles tendinopathy, and rotator cuff tendinopathy (Fig. 1). 
The exact incidence of tendinopathy is unknown, but it has 
been estimated to be 15–20 cases per 100,000 medicated 
people and 1.1 per 100,000 individuals who work full time.

The increased recreational sport and elite consideration 
have drawn more societal concerns on effective treatment for 
sport injuries, including various forms of tendon injuries, 
which have taken up significant health care resources. 
However, medical research to improve healing outcomes of 
tendon injuries is lagging far behind. Most physicians pre-
scribe non-steroidal anti-inflammatory drugs (NSAIDs) to 
relieve the worst symptoms of swelling and pain of sport 
injuries, yet NSAIDs may negatively affect the structural 
healing. The biology of the tendon healing needs further 
investigation in order to scrutinize current empirical prac-
tices and inspire innovations. Moreover, translational 
research to bring bright ideas from bench to bedside (B-to-B) 
will be of utmost importance in the coming years.

When we consider B-to-B research in tendinopathy, 
there is an obvious missing gap, in particular, the lack of 
emphasis on the tendon when compared with bone and car-
tilage in the musculoskeletal system. Obviously, transla-
tional research has started well ahead in the arenas of bone 
healing and then cartilage defect with quite significant 
breakthroughs with successful clinical applications in pro-
moting healing of bone defect and to some extent of carti-
lage defect. It is quite understandable as these are the 
pressing clinical issues, as the Bone and Joint Decade 
(2000–2010) has highlighted five major areas of concern, 
including osteoporosis and degenerative arthritis. As we do 
recognize that the burden of the disease of musculoskeletal 
system indicates a significant proportion of it as an overuse 
of tendon and muscle in various activities, probably in the 
next decade, 2010, onward, this will be one of the major 
emphases. The other consideration of a gap in the mindset 
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is possibly the apparent disparity in research emphasis, 
which delineates the pathogenesis of tendinopathy. Much 
has been done with regard to the characterization of clinical 
samples of tendinopathy, but the lack of representative ani-
mal model of tendinopathy presents a major obstacle for 
the investigation of the pathogenesis of tendinopathy. 
Various attempts to treat tendinopathy remain empirical 
until these gaps are recognized and specifically put on task, 
otherwise we would still be tracing a rather distant target. 
In recognition of these missing gaps, we should be plan-
ning our strategy in a more cost-effective way.

Tendinopathy: Concepts and Controversies

There has been an inconsistency in the terminology of  
tendinopathy, and it has been discussed in some review arti-
cles [19, 42]. Tendinopathy is a general description of the 
disease entity, while “chronic tendon injuries,” “tendinosis,” 
and “chronic tendon pain” describe the three criteria of ten-
dinopathy. Chronic tendon injuries refer to the insidious 
development of degenerative tendon injuries, which may 
result from overuse. It deals with the etiology of tendinopa-
thy. Tendinosis refers to a set of characteristic pathological 
features revealed by histology [18], ultrasound [28], or MRI 
image [24]. It deals with the diagnosis and the pathogenesis 
of tendinopathy. Chronic tendon pain is the activity-related 
pain that fail to respond to common physiotherapies, but the 
pathological changes of tendinosis can also be found in cases 
of spontaneous tendon ruptures. These three terms literally 
describe the causes, the process, and the manifestation of 
tendinopathy, respectively.

Overuse, repetitive strain, or mechanical overload to ten-
dons are considered as primary cause of chronic tendon 
injuries in various regions, as implied by the names such 
as “jumper’s knee,” “runner’s heel,” “swimmer’s shoulder,” 
and “tennis elbow.” Experimental findings show that repeti-
tive motions of tendons [29] or repeatedly stretching tendon 
cells [30] induce biological responses that harm the tendons, 
resulting in microinjuries. A number of cell culture studies 
showed that repeated stretching on cultured tendon 

fibroblasts increased the release of prostaglandin E
2
 (PGE

2
) 

[43] and matrix metalloproteinases (MMPs) (Gardner 2008); 
these cytokines and enzymes in turn induce matrix degrada-
tion. Degenerative changes in tendons were observed in 
 animal models after local injection of PGE

2
 [40] and colla-

genase [22]. These experimental findings provided a possi-
ble mechanism to explain how degenerative tissue injury 
can result from repeated strains in tendons. However, there 
are tendinopathy cases in the non-athlete population and 
bilateral tendinopathy is not common in patients with repet-
itive strains on both limbs. Thus overuse injury is not 
equated to tendinopathy, but it may be one of the major 
triggers of the pathological development. Moreover,  
overuse-related pathologies, which do not primarily affect 
the tendons, should be excluded from the category of  
“tendinopathy.” For example, tenosynovitis, bursitis, carpal 
tunnel syndrome, de Quervain disease, and adhesive capsu-
litis should not be included in the discussion of pathogenesis 
of tendinopathy as they primarily affect synovium, bursa, or 
nerve. The pathological changes of tendinopathy may also 
affect paratenons and are localized in different regions of 
the affected tendons, for example, deep posterior portion of 
the patellar tendon is affected in patellar tendinopathy, while 
mid-substance or insertional pathological changes can be 
observed in Achilles tendinopathy. Musculotendinous junc-
tion was affected in rotator cuff tendinopathy, while in lat-
eral epichondylitis the fascial collagen structure on the 
extensor carpi radialis brevis tendon is pathological. Owing 
to these variations in the sites of pathological changes, it 
suggests that the pathogenesis may probably involve a pro-
cess that can affect different parts of tendons, including 
musculotendinous junction, mid-substance, insertion, and 
paratenons.

With respect to clinical manifestations, it is still argu-
able if chronic tendon pain is a must for tendinopathy. An 
absolute majority of patients with complete Achilles 
 tendon ruptures exhibited histolopathological features of 
“tendinosis” or “mucoid degeneration.” It implies that 
degenerative tendon injuries imposed mechanical weak-
ness and higher susceptibility to ruptures. On the other 
hand, in the recent literature, “tendinopathy,” “tendinosis,” 
and “tendinitis” refer to chronic tendon pain with similar 

Fig. 1 Tendinopathy can affect many different tendons
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histopathological characteristics as compared to those rup-
tured cases. It suggests that histopathological changes 
characterized by tendon degeneration are not strictly asso-
ciated with pain; while in cases of chronic tendon pain, the 
mechanically weaker tendons may have been protected 
from ruptures due to lower activities. The identification of 
the common denominators and diversifiers for various 
manifestations of what we loosely called “tendinopathy” 
will certainly help us to understand the pathogeneses of 
these conditions.

Emerging Ideas of Failed Healing

Studies on tendinopathy have been focused on the histo-
pathological characteristics of clinical specimen [11, 12, 34, 
37, 47]. Increased proliferation and a high expression of 
PDGF receptor beta was observed in patellar tendinosis tis-
sues [37]. Procollagen production was not changed in tendi-
nosis tissues, while significant gelatinolytic activity with 
increased MMP1 and decreased tissue inhibitor of metallo-
proteinases 1 (TIMP1) expression were observed [11]. 
Increased sulfated proteoglycans in patellar tendinopathy 
was characterized [13]. Increased expression of TGF-beta 1 
and COX-2 in patellar tendinosis suggested that abnormal 
cytokine expression may be associated with the aberrant cel-
lular activities in tendons [12]. The histopathological fea-
tures of tendinosis are mixed scenarios of tendon injuries 
with progressive matrix degradation, active regenerative pro-
cesses with increased cell proliferation, and pathological tis-
sue metaplasia. These findings provide hints for the 
pathogenesis of tendinopathy as a result of failed healing 
responses.

The tendon heals spontaneously in case of traumatic 
injuries, despite slow rate of healing and inferior mechani-
cal properties. Failed healing refers to the delay of healing 
and the deviations of healing outcomes from a normal 
pathway. The possible causes of failed healing primarily 
include unfavorable biochemical micro-milieu and 
improper mechanical loading, such as local hypoxia [36], 
compressive loading [16], hyperthermia [45], and oxida-
tive stress [3], while genetic predisposition [26] may mod-
ify the susceptibility to failed healing. The sustained 
activation of tendon progenitor cells with unfavorable 
micro-milieu for tendogenic differentiation may be prone 
to erroneous differentiation of healing tendon cells into 
fibrochondrogenic or calcifying phenotypes. Tendon pain 
becomes significant and old-fashioned treatments such as 
NSAIDs are prescribed to the patients who may further 
modify the pathways of the failed healing as inhibition of 
prostaglandin synthesis would negatively affect tendon 
healing [8].

Origins of Tendon Pain

The origins of chronic tendon pain are largely unknown. 
Tendinopathy patients failed to respond to NSAIDs as well 
as other physiotherapy protocols that reduce inflammation. 
A lack of inflammatory cells in tendinosis tissues was well 
documented; it is consistent with the clinical observation of 
the failed response to NSAIDs. Steroids are also used to treat 
chronic tendon pain, yet there are cases that failed to respond 
to steroid treatment. Due to the lack of inflammatory cells in 
tendinosis tissues, the potent immunosuppressive actions of 
steroids may not be accountable for the pain alleviation. The 
findings that steroid can block transmission in normal noci-
ceptive C-fibers may account for its short-term action [17]. 
As steroid also exerted suppressive effects in tendon fibro-
blasts [46], it is possible that tendon cell activities may play 
a role in the development of tendon pain. Khan speculated 
that the pain in tendinopathy may be due to biochemical dis-
turbances [20]. These nociceptive substances may include 
prostaglandins [12], glutamate [2], and substance P [38]. 
Paratendinous injections of SP appears to provide a boost to 
the initial stages of healing and significantly accelerate the 
reparative phase of the healing process [7], but a sustained 
substance P expression in healing tendon cells was found to 
be associated with chronic pain in a rat model of collage-
nase-induced degenerative tendon injury [23]. These find-
ings supported the ideas of failed healing and the accumulation 
of healing tendon cells may be one of the sources of nocicep-
tive substances responsible for pain.

In addition to increased production of nociceptive sub-
stances, it has been suggested that a mechanical factor, such 
as compression, may contribute to the pain when the swollen 
tendinosis tissue press on the nerve fibers in the peritendi-
nous regions. Increased innervations in tendinosis tissue 
were detected by immunohistochemical staining of CGRP 
and substance P [38]. It suggests that the availability of nerve 
endings such as C-fibers may be crucial for tendinosis tissues 
to “deliver” the painful signals originated from the patho-
logical tissues. Renervation was observed in the early stage 
of tendon healing [1], which may accompany with the pro-
cess of angiogenesis in wound healing. On the other hand, 
Ohberg L reported that sclerosing agent can alleviate the 
pain in some patients with tendinopathy [31]. This finding 
suggests that hypervascularity, a characteristic histopatho-
logical feature of tendinosis, may contribute to the chronic 
pain. Since increased vascularity may facilitate a wider tis-
sue distribution of nociceptive substances, induction of 
necrosis of vascular tissues by sclerotic agent may act to 
block the access of nociceptive substances to the peritendi-
nous nerve endings. In summary, we may regard the chronic 
tendon pain as a function of production of nociceptive sub-
stances and the availability of nerve endings to pick up the 
nociceptive signals.
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Pathogenesis of Tendinopathy:  
An Integrative Model

Summing up our understanding of the generation of chronic 
tendon injuries, the origins of chronic tendon pain, and the 
development of histopathological features of tendinosis, we 
are now able to build up an integrative model for the patho-
genesis of tendinopathy [14]. Pathogenesis of tendinopathy 
can be analyzed as a three-stage process: initiation, progres-
sion, and clinical presentation of symptoms (Fig. 2). The ini-
tiation stage involves the development of collagenolytic 
tendon injuries. The progression stage mainly refers to the 
prolonged activation and failed resolution of healing process, 
which may result in erroneous differentiation of healing ten-
don cells. Finally, the matrix disturbances, increased vascu-
larity and innervation, as well as increased production of 
nociceptive substances altogether contribute to the clinical 
presentation such as chronic tendon pain or spontaneous rup-
tures due to mechanical weakening.

Stage I: Initiation

The insidious tendon injuries can result from failed healing 
to overuse or accumulation of microinjuries during normal 
daily activities. Initiation of tendinopathy may involve var-
ious forms of tendon injuries, with overuse injuries impos-
ing the highest susceptibility to further progression. It is 
speculated that overuse injuries may cause disturbances in 
the inflammatory phase of the healing process, which 
would result in activation of metalloproteinases and col-
lagenolytic injuries. It may explain why animal models of 
collagenase-induced injuries can reproduce the histopatho-
logical characteristics and functional impairment similar to 
tendinopathy.

Stage II: Progression

In the progression stage, healing responses are elicited but 
failed to repair the collagenolytic injuries. The exact causes 
for failed healing are still obscured, but they may primarily 
be attributed to unfavorable biochemical microenvironment 
and improper mechanical loading, leading to accumulation 
of healing tendon cells and erroneous differentiation of heal-
ing tendon cells. The degenerative features of chronic inju-
ries and the regenerative features of failed healing responses 
comprise the histological characteristics of tendinosis. The 
mechanical properties of the affected tendon are deteriorated 
due to extracellular matrix disturbance. The sustained stimu-
lation of healing tendon cells with unfavorable micro-milieu 
for tendogenic differentiation may lead to erroneous differ-
entiation of healing tendon cells into fibrochondrogenic or 
calcifying phenotypes, which are normally confined to the 
regions of bone-tendon junctions. The recent discovery of 
tendon-derived stem cells [4] and characterization of patho-
logical tissues of tendinopathy have provided evidences to 
support the ideas of erroneous differentiation in failed 
healing.

Stage III: Clinical Presentation

The consequences of failed healing to collagenolytic injuries 
involve significant changes in extracellular matrix, which are 
then visible under ultrasound or MRI. Inflammatory pain 
may be involved and controlled during the initiation and pro-
gression stages, but the pain mechanism may gradually shift 
to non-phlogistic ones, rendering resistance to common anti-
inflammatory treatments. The accumulated healing tendon 
cells may produce nociceptive substances which provoke 
pain at unmyelinated C-fibers, and increased innervation 

Symptom starts Conservative treatments End stage of failed healing

Time of developmentDiagnosisProgressionInitiation

P
ai

n 
le
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l

Clinical presentation

Increased nociception and
longstanding pain

Sustained activation and failed
resolution of healing

Chronic development
of injury

Fig. 2 Pathogenesis of tendinopathy can be viewed as a three-stage process
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may further aggravate the pain. The disturbances in matrix 
deposition such as mucoid degeneration and calcification 
may also contribute to the mechanical weakening and 
increased nociception.

Implications on the Management 
of Tendinopathy

The current understanding on the pathogenesis of tendinopa-
thy as failed healing response may explain the effects of 
some classical treatments and provide insights for new treat-
ments. Surgical excision of pathological tissues was reported 
to be effective to relieve the symptoms [21]. Its effect is 
attributed to the removal of unresolved pathological tissues 
and restarting the healing response; yet there is no guarantee 
that the healing process would not fail again as the risk fac-
tors for failed healing may still persist. Since failed healing 
may be caused by unfavorable biochemical micro-milieu and 
improper mechanical loading, interventions aiming to rectify 
the microenvironment for healing tendon cells would be a 
reasonable approach. Biophysical interventions such as 
extracorporeal shockwave [10], ultrasound therapy [35], 
pulsed magnetic field therapy [5], low level laser therapy [6], 
and radiofrequency [41] have shown some beneficial effects 
for tendinopathy patients. The prescription of eccentric exer-
cise for tendinopathy [39] also implied that a modulation of 
mechanical environment of the diseased tendons would have 
significant effects to change the course of pathological devel-
opment. It appears that the pathological tissues responded 
directly to these biophysical interventions or the physiologi-
cal events associated with the microtrauma induced by the 
treatments, but the mechanisms of such interactions are still 
unclear. There are also reports on the use of nitric oxide [33], 
sclerosing agents [44], MMP inhibitors [32], bone marrow 
plasma injection [27], autologous blood injection [9], and 
platelet-rich plasma [25] for tendinopathy. These attempts 
targeted on various biochemical disturbances associated with 
the pathological changes and tendon pain; yet a comprehen-
sive modulation of the healing process as a whole would be 
more rewarding.

Conclusion

Recent investigations on tendinopathy have revealed more 
and more clues for the pathogenesis, but effective treatments 
for tendinopathy are still unavailable. The missing gap 
between the bench work and the bedside needs may reside 
on the translational research, which have not received suffi-
cient emphasis. Based on our current understanding on 

tendinopathy, it is possible that the pivot of the pathological 
development is the failed healing response. As a result, how 
to safeguard the tendon healing process would be a turnkey 
solution for treatment of tendinopathy.
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Thigh Muscle Injuries in Professional  
Football Players: A Seven Year Follow-Up  
of the UEFA Injury Study

Jan Ekstrand 

Introduction

The high prevalence of thigh muscle injuries in male football 
is well documented [1–3, 7, 8, 11, 13, 16, 17]. The aim of 
this study was to evaluate the risk and circumstances of thigh 
muscle injuries in a homogenous material of male profes-
sional football players.

Material and Methods

A prospective study of thigh muscle injuries in European 
male professional football teams was carried out during the 
years 2001–2008. The study covered seven consecutive sea-
sons (July to May) from July 2001 to May 2008. Twenty-one 
of the top male European clubs (clubs that had participated at 
the highest level in Europe over the last decade) have been 
selected by UEFA and invited to take part in the study). Data 
was collected from the following teams: Arsenal FC, Chelsea 
FC, Manchester United FC, Liverpool FC, Newcastle United 
FC, FC Internazionale, AC Milan, Juventus FC, Real Madrid 
CF, FC Barcelona, PSV Eindhoven, AFC Ajax, Paris Saint-
Germain FC, Club Brugge KV, Anderlecht FC, Hamburger 
SV, BV Borussia Dortmund, FC Shakhtar Donetsk, Rangers 
FC, SL Benfica, and FC Porto.

The full methodology is reported elsewhere [10]. All con-
tracted players in the first teams were invited to participate in 
the study.

Data Collection

The study design followed the consensus on definitions and 
data collection procedures in studies of football injuries out-
lined by FIFA [9] and UEFA [10].

Baseline data was collected once yearly at the start of the 
season. Individual player exposure in training and matches 
was registered by the clubs on a standard exposure form. 
This included first and second team, as well as national team 
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exposure for all players, and was returned on a monthly 
basis. The team medical staff was responsible for recording 
each injury immediately after the event on a standard injury 
card, and cards were sent in to the study group each month 
together with the exposure form. The injury card provided 
information on the date of injury, scheduled activity, type, 
location, reinjury, and foul play and from 2005/2006 also the 
minute when the injury occurred.

Definitions

The definitions applied in the study are shown in Table 1. All 
injuries resulting in the player being unable to fully partici-
pate in training or match play (i.e., time loss injuries) were 

recorded, and the player was considered injured until the team 
medical staff allowed full participation in training and avail-
ability for match selection. Injuries were categorized into four 
degrees of severity based on the number of days absence. All 
injuries were followed until the final day of rehabilitation.

Results

One thousand five hundred and eighty-one muscle injuries 
(19% of all injuries) were recorded in 423 players (mean age 
26 ± 4, range 16–40 years). Eight hundred and sixty-one 
(54%) of the muscles injuries affected the thigh muscles. 
Sixty-eight percent of the thigh muscle injuries were ham-
strings strains, 29% quadriceps strains, and 3% strains to 
other thigh muscles (mainly sartorius, gracilis and tensor fas-
cia latae). As a mean, a team with 25 players can expect ten 
thigh muscle injuries each season (seven injuries to the ham-
string muscle group and three to quadriceps).

Injury Incidence

The overall injury incidence (injuries/1,000 h) was 1.5 for all 
thigh injuries, and the risk of injury was higher during match 
play (5.4/1,000 match hours) than during training (07/1,000 
training hours) [4, 14].

Hamstring Injuries

Eleven Times Higher Risk at Matches

From the 587 hamstring strains, two-thirds occurred at 
matches and the risk of sustaining a hamstring strain during 
a match was 11 times higher than during training (4.27 vs 
0.4/1,000 h of exposure).

Since hamstring injuries are known to be related to high 
velocity loading (sprinter’s injury), this finding could be related 
to the high intensity of top level matches. The hamstring inju-
ries were evenly distributed between the two halves (51% vs 
49%) but a peak of risk was noted between the 61 and 75 min-
utes in the second half when 17% of all hamstring strains 
occurred.

As seen in Fig. 1, the risk of sustaining a hamstring strain 
during match play was highest in the age group 25–30 years.

Most Hamstring Strains Sustained When  
Running or Sprinting

The majority of hamstring strains (52%) were due to run-
ning or sprinting while 17% were due to overuse. Almost all 

Table 1 Operational definitions

Training session Team training under the supervision of 
the coaching staff that involved 
physical activity

Match Competitive or friendly match against 
another team

Injury Injury resulting from playing football 
and leading to a player being unable to 
fully participate in future training or 
match play (i.e., time loss injury)

Rehabilitation A player was considered injured until 
team medical staff allowed full 
participation in training and availabil-
ity for match selection

Reinjury Injury of the same type and at the 
same site as an index injury occurring 
within 2 months after a player’s return 
to full participation from the index 
injury

Strain Muscle rupture, tear, cramps

Minimal injury Injury causing absence 1–3 days from 
training and match play

Mild injury Injury causing absence 4–7 days from 
training and match play

Moderate injury Injury causing absence 8–28 days 
from training and match play

Severe injury Injury causing absence >28 days from 
training and match play

Traumatic injury Injury with sudden onset and known 
cause of event

Overuse injury Injury with insidious onset and 
without any known trauma

Foul play injury Match injury resulting from foul play 
according to the decision of the 
referee

Injury incidence Number of injuries per 1,000 player 
hours [(  injuries/  exposure hours) × 
1,000]



Thigh Muscle Injuries in Professional Football Players: A Seven Year Follow-Up of the UEFA Injury Study   873

hamstring strains were noncontact injuries, 97% being sus-
tained without contact with other players. According to the 
referees, only 1.5% (6/391) of the match play injuries was 
due to foul play. 13% (74/587) of the injuries were recurrent 
injuries.

Figure 2 shows the distribution of injuries over the sea-
son. Hamstring strains were more common during the com-
petitive season (September to May).

Consequences of a Hamstring Strain

In total, there were 9,554 days lost because of hamstring 
strains for the teams (a mean 109 days per team and season). 
As a mean, a hamstring strain caused 16 (range 1–128) days 
of absence, with a mean of 10 (range 0–90) missed trainings 
and 3 (range 0–27) missed matches. Fourteen percent 

(81/587) injuries were severe, causing absence more than 
4 weeks. Injuries sustained during matches caused signifi-
cantly longer absence compared to injuries sustained during 
trainings (18.3 vs 11.9 days, p < 0.001).

Quadriceps Injuries

Most Quadriceps Strains Occur in the First Half of a Match

The majority of the quadriceps strains occurred at training 
(143 vs 104), the risk of sustaining a quadriceps strain during 
a match being four times higher than during training (1.13 vs 
0.3/1,000 h).

The majority (62%) of quadriceps strains occurred in the 
first half of the matches, the peak of risk was noted between 
the 16 and 45 minutes in the first half when 40% of all quad-
riceps strains occurred. As seen in Fig. 1, there was no differ-
ence in injury risk at matches between different age groups.

Many Quadriceps Injuries Sustained at Shooting

As many as 28% of all quadriceps strains occurred at shoot-
ing, in contrast to hamstring strains, which were only 1.5% 
of injuries occurred at that action (p < 0.001). As with ham-
string strains, the majority of quadriceps strains were non-
contact injuries, 96% being sustained without contact with 
other players. None of the match play injuries were due to 
foul play. Similar to hamstring strains, 13% of the injuries 
were recurrent injuries.

Figure 2 shows the distribution of injuries over the sea-
son. The highest risk of sustaining a quadriceps strain was 
seen in August, during the end of the preseason preparation 
period. In contrast to hamstring strains, no increase of risk 
was seen during the competitive season.

Consequences of a Quadriceps Strain

In total, there were 4,482 days lost because of quadriceps 
strains for the teams (a mean 51 days per team and season). 
As a mean, a quadriceps strain caused 18 (range 1–147) days 
of absence, with a mean of 12 (range 0–79) missed trainings 
and 3 (range 0–31) missed matches. Nineteen percent (46/247) 
injuries was severe, causing absence of more than 4 weeks. 
In contrast to hamstring injuries, there was no significant dif-
ference in absence days between injuries sustained at matches 
compared to injuries sustained at training (20 vs 17 days, ns).

Examination Procedures

The diagnostic procedures for thigh muscle injuries were 
investigated during the season 2007/2008. From the 159 
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thigh muscle injuries, 72 (45%) were examined with MRI 
(some with ultrasonography as well). Seventy (44%) were 
examined with ultrasonography and 11% were diagnosed 
only clinically.

Of the 14 clubs that participated during that season, 2 
clubs examined almost all (>90%) thigh muscle injuries with 
MRI, while two clubs did not perform any MRI examina-
tions at all during the period. Seven clubs used mainly MRI 
for diagnosis and seven used mainly ultrasonography.

Muscles Involved

According to the MRI findings, the majority of hamstring 
strains occur to the biceps femoris muscle (86%) while rec-
tus femoris is the most commonly affected quadriceps mus-
cle (88%).

Discussion

The strength of this study is the large homogenous material 
of male professional players and the fact that 861 thigh mus-
cle injuries were included in the study. In addition, the col-
lecting of data followed the international consensus 
agreements on procedures for epidemiological studies of 
football injuries recommended by FIFA and UEFA [9, 10].

Hamstring strain is the single most common injury sub-
type in male professional football [12, 17, 18] and a team of 
25 players can expect a mean of seven hamstring strains each 
season, causing a mean absence of 109 days each season. 
Hamstring and quadriceps strains differ in several ways. The 
risk of a hamstring strain is 11 times more common in 
matches compared to training, and further, the majority of 
hamstring strains occur in sprinting and running situations. 
These findings probably reflect the speed and high intensity 
of modern elite football since hamstrings strains are com-
monly found in sprinters and other athletes in high intensity 
sports [5]. Quadriceps injuries, on the other hand, were sig-
nificantly more common at shooting compared to hamstring 
injuries. The finding that the risk of quadriceps strains had a 
peak at the end of the preseason preparation period might be 
explained by more intensive practice of shooting at trainings 
during that period. It seems reasonable to assume that the 
finding of a higher risk of hamstring strain during the com-
petitive season is due to the fact that more and intensive 
matches are played during that period. Another difference 
between hamstring and quadriceps strains is the distribution 
of injuries during a match. The peak of hamstring injuries 
during the 61–75 minutes in the second half might reflect 
fatigue of muscles [6, 15]. Further, one might speculate 
whether more intensive shooting could be the reason behind 

the finding that quadriceps strains occur in the first half of 
matches. Inadequate warming up or recurrence of previous 
injuries might be the alternative explanations to the finding.

At top professional level, most teams use radiological 
examinations for diagnosis of muscle injuries. MRI and 
ultrasonography seem to be equally frequently used for diag-
nosis among the clubs in this study.

A limitation in the present study is that the muscle injuries 
included form a heterogenous group. According to the con-
sensus statement definition used in this study, strains include 
all types of total as well as partial muscle ruptures as well as 
cramp and muscle soreness. The wide range of absence for 
hamstrings (1–128 days) as well as quadriceps injuries 
(1–147) is a reflection of this heterogenocity. Future studies 
using MRI examinations to separate injuries into different 
groups, might be more adequate in prognosticating absence 
and return to play information [4, 14].
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Chronic Muscle Injuries of the Lower  
Extremities in Sports

Marc Rozenblat 

Introduction

Chronic muscle injuries of the lower extremities in sports 
can begin with an inappropriate treatment of an acute lesion. 
In France, Rodineau’s classification is used:

Level 0:  Reversible lesion without conjunctive lesion 
(Fig. 1)

Level 1:  Irreversible lesion of some muscular fibers, with-
out conjunctive lesion (Fig. 2)

Level 2:  Irreversible lesion of some muscular fibers, with 
conjunctive lesion (Fig.3)

Level 3:  Irreversible lesion of some muscular fibers, with 
conjunctive lesion and hematoma (Fig. 4a, b)

Level 4:  Partial or complete muscle rupture (Fig. 5a, b)

Each level has a specific treatment [5, 6, 8, 9, 11, 13, 14,  
17, 18].

Level 0: Reversible Lesion Without  
Conjunctive Lesion

Only some muscular fibers or/and sarcolemma lesions are 
observed. There is moderate pain with muscular spasm. 
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Fig. 1 Level 0: Reversible lesion without conjunctive lesion
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Muscular strength is recovered within hours and it is a revers-
ible lesion. No treatment is necessary.

Level 1: Irreversible Lesion of Some Muscular 
Fibers Without Conjunctive Lesion – SPASM

Irreversible muscular fiber lesions are observed but there is 
an integrity of connective tissue.

Clinically, the pain and spasm are more important than in 
level 0. Recovery is a matter of days. Treatment is “no treat-
ment” thanks to spontaneous recovery. For 7 days, mild 
sporting activity, aerobic work and no acceleration are rec-
ommended. Stretching and soft massage could be of help.

Level 2: Irreversible Lesion of Some  
Muscular Fibers with Conjunctive  
Lesion – PULLED MUSCLE

Irreversible muscular fiber lesions with moderate lesion of 
connective tissue are observed. The pain is acute. Recovery 
is within 10–15 days. Treatment is with analgesics but with-
out NSAI for the initial 5 days. Painless, isometric, concen-
tric and eccentric tensing is necessary before restarting sport. 
Generally aerobic sport could be restarted on Day 7 and 
sprint sport on Day 21.

Level 3: Irreversible Lesion of Some  
Muscular Fibers with Conjunctive Lesion 
and Hematoma – SPRAINED MUSCLE

Irreversible muscular fiber lesions and important lesion of 
connective tissue is observed. Hematoma confirms the diag-
nosis. Acute pain leads to interruption of physical activities.

Fig. 2 Level 1: Irreversible lesion of some muscular fibers without con-
junctive lesion – spasm

Fig. 3 Level 2: Irreversible lesion of some muscular fibers with con-
junctive lesion – pulled muscle

a b

Fig. 4 (a) Level 3: Irreversible lesion of some muscular fibers with conjunctive lesion and hematoma. (b) Level 3: Irreversible lesion of some 
muscular fibers with conjunctive lesion and hematoma – sprained muscle



Chronic Muscle Injuries of the Lower Extremities in Sports  879

Recovery is within 30–90 days. Ultrasound scan is of 
capital importance for diagnosis and supervision. Treatment 
is analgesics, no NSAI during the initial 5 days and compres-
sion during 8 days.

Evacuation on Day 5 or Shock wave on Day 1 could be 
used to clear the hematoma. Static then dynamic tensing 
could be useful afterwards. Massage near Day 10, stretching 
near Day 21, aerobic sport near Day 45 are recommended. 
Sprint sport is restarted in absence of pain in tension in 
eccentric external movements.

Level 4: Partial or Complete Muscular Rupture

Irreversible muscular fiber lesions with an important lesion 
in connective tissue is observed together with an hematoma. 

Acute pain interrupts physical activities. Recovery is within 
45–90 days.

Ultrasound scan is of a capital importance for diagnosis 
and supervision. Surgery is required because of the volu-
minous compressive hematoma with large disinsertion 
(hamstring).

In all these cases there is generally no problem if the bio-
logical time of recovery is respected. But recurrence may be 
the problem in the event of incomplete recovery or a weak-
ness in muscle.

Four possible muscular adverse effects with bad healing 
could be observed. They are named Chronic Muscle lesions 
considered aftereffects.

1. Fibrotic nodule (Fig. 6)
 With ultrasound scan or RMI, anarchic fibrotic tissue 
proliferation and no muscular fiber organization are 
observed. Treatment is transversal deep massage, shock 
wave therapy, physiotherapy, ionophoresis and/or ultra-
sound. With these treatments all aftereffects usually 
disappear.

2. Cyst or pseudo cyst (Fig. 7a, b)
 It is a cap on a residual hematoma. Treatment is infiltra-
tion or puncture, or sometimes surgery.

3. Intramuscular calcification (Fig. 8a, b)
 It is residual pain after reiterated muscular accidents. 
Treatment is sometimes corticosteroids infiltration but 
controversy exists. Absolute rest, indomethacine drug 
treatment, shock wave therapy and surgery could be pro-
posed. The management of the treatment is case by 
case.

a

b

Fig. 5 (a) Level 4: Partial or complete muscular rupture (b) Level 4: 
Partial or complete muscular rupture

Fig. 6 US, fibrosis nodule
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4. Muscular ossification (Fig. 9)
 Clinical test is like for intramuscular calcification but the 
lesion is an ossification extended from the bone. X-Ray 
and scintigraphy are of capital importance for diagnosis 
and supervision.

Absolute rest, Indometacine drug treatment, shock wave ther-
apy and surgery (with negative scintigraphy) could be proposed. 
Management of the treatment is case by case. Other muscle 
lesions could be regarded as chronic lesions but they have their 
own identities: compartment syndrome and DOMS.

Compartment Syndrome

It is a source of controversy: three different features are 
required for positive diagnosis (Fig. 10):

a b

Fig. 7 (a) US, cyst or pseudo cys. (b) RMI, cyst or pseudo cyst

a

b

Fig. 8 (a) Intramuscular calcification. (b) US, intramuscular calcification

Fig. 9 Muscular ossification, negative scintigraphy for surgery
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Pressure at rest >15 mmHg
Post exercises pressure >75 mmHg
Time needed to return to normal pressure >6 min

But other data could be present:

Pressure after 1 min rest >35 mmHg
Pressure after 5 min rest >25 mmHg
Pressure after 15 min rest >15 mmHg

Treatment is physiotherapy with or without vasculary drugs 
but the most effective is surgery by aponeurectomy.

DOMS (Delayed Onset Muscle Soreness)

They are frequent in sport and observed within 12–48 h after 
intensive and/or unusual eccentric muscle action. What’s 
more, decreased proprioception is frequent. Generally they 
disappear within 2–10 days before complete functional 
recovery. The explanation is not certain and it is perhaps 
inflammation in the muscle. But there is a consensus that 
DOMS are not an indicator of muscle damage but a sign of 
the regenerative process. Treatment alleviates but by no 
means accelerates structural or functional recovery.

Prevention

Prevention [1–5, 7, 10, 12–18] is capital to avoid chronic 
muscle lesions: warm-up exercises, arguable stretching, 
muscular limberness and suppleness, hydration before, 

during and after exercise. Extra caution is required for 
patients on statine and quinolone and people over 30 years. 
In the beginning cycling and swimming are necessary prior 
to restarting sport.
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Tennis Leg

Kristof Sas 

Tennis Leg

Delgado [1] came in 2002 to the following definition of the 
tennis leg:

A partial or complete rupture of the medial head of the 
gastrocnemius
A fluid collection between the aponeurosis of the medial 
gastrocnemius and the soleus without a muscle rupture
A rupture of the plantaris tendon
A partial rupture of the soleus muscle

In our team, we saw during the last 2 years two players with 
a tennis leg.

Player A is a center forward, 26 years old, and he had 
initially no pain, but just stiffness and swelling. On ultra-
sonography (US) we found a fluid collection of 10 × 2 cm 
with a thickness of 6 mm.

Player B is a midfielder, 34 years old; he had a sudden 
onset of pain. On US we found a fluid collection of 10 × 4 cm 
with a thickness of 5 mm.

The initial treatment was the same for both players.
They both underwent an aspiration of the fluid collection, 

with a compressive bandage afterward. They both got the 
same relative rest and physiotherapy.

After the first aspiration, neither of them got crutches and 
neither of them got an immobilization plaster.

But after the second aspiration we gave player A crutches, 
but not an immobilization plaster.

For both players we followed the evolution on US (Table 1).
Both players underwent the same sequence of rehabilitation 

with first bike and crosstrainer and later on running, individual 
soccer training, and finally collective soccer training (Table 2). 
We saw that player B was always 2 weeks earlier to the same 
step as player A. There are a few causes to explain this:

1.  First of all: player A was much more afraid to do some-
thing with an US that was not that good.

2.  Secondly, we were more careful with player A because he 
was a more important player for the squad.

So we can draw the following conclusions:

K. Sas  
RSC Anderlecht, Rovorst 19, 9660 Brakel, Belgium 
e-mail: kristof_sas@msn.com
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They had the same kind of injury.
  They underwent the same starting strategy: aspiration and 
compression.
  After relapse on US: the rehabilitation of player A was 
much slower.
  But in the end player A had no scar, while player B had 
a definitive scar of 6 by 2 cm.

Thus, we can ask ourselves the following questions:
Do we have to do an aspiration?
Yes
Do we have to apply a compressive bandage?
Yes

Do we need immobilization and non-weight bearing/
crutches?

Here we see advantages and disadvantages:
Immobilization and non-weight bearing could prevent, 

more easily, a new fluid collection.
As disadvantage we have to consider a loss of muscle 

strength.
Do we need a strengthening program?
Yes
When do we have to start the rehabilitation?
It depends on the US, the intentions of the player, and 

may be even the coach.
I did not mention aqua training, but it is certainly very 

useful in the beginning of the rehabilitation program.

Sequence of Injuries of Player A

Now I would like to discuss a little bit about the sequence of 
injuries of player A:

In the last 2 years he suffered from Achilles tendinopa-
thy, Haglund exostosis and a peroneal tendon problem for 
which we didn’t find the exact diagnosis, but which got 
better after 3 weeks with conservative therapy, and at last a 
Achilles tendinopathy of the middle third of the tendon.

When we take a look at the etiology:
We see important biomechanical factors:
In the running analysis we see that he is an extreme “heel 

runner” and a supinator. In an attempt to resolve this problem 
we gave him inlay soles and we adapted them already a cou-
ple of times.

We also made an adaptation of the heel cap of his shoe; 
we made it soft because he couldn’t support his soccer shoes, 
even after his Haglund surgery. He suffered too much. Of 
course this caused a loss of stability of the shoe, which was 
not ideal either. But at that time it was the only solution.

But we also took a look to find a relationship between the 
different pathologies and we came to the following astonish-
ing conclusions:

The Haglund surgery caused a calf muscle weakness
This weakness was responsible for the tennis leg
In the whole process of the tennis leg the player lost some 

more muscle strength, which could lead to the peroneal ten-
don problem and the new Achilles tendinopathy.

In the literature we found this evidence:
Ohberg [3] wrote in 2001 that in Achilles tendinopathy 

not only preoperatively, but also postoperatively calf muscle 
weakness was found.

Miller [2] found that muscle strains in the calf are fre-
quently related to overuse of the gastrocnemius, and that a 
loss of muscle strength means a greater risk of overuse.

And as we know, a loss of calf muscle strength is a risk 
factor for Achilles tendinopathy.

Table 1 Sequence of US and therapy

Player A Player B

19/01 12/04

10 cm × 2 cm × 6 mm 10 cm × 3.9 cm × 5 mm

Aspiration: all 5 mL 17/04

Compression 5.5 cm × 5 cm × 5 mm

Relative rest 23/04

23/01 5 × 5 cm

Aspiration: all 3 mL Aspiration 35 mL

Compression Compression

Crutches 28/04

04/02 3.3 cm × 3 cm × 3 mm

3.2 cm × 6.8 mm 2.2 mm Aspiration: 10 mL

11/02 Compression

2.3 cm × 5.7 mm × 1.2 mm 03/05

14/02 4.5 cm × 4.7 cm × 6 mm

2.7 cm × 4.1 mm × 1.6 mm But: start of a better cicatrization

Aspiration 07/05

Injection of betamethasone 3 cm × 2.9 cm × 3 mm

21/02 10/05

US – 3 cm × 2.5 cm × 3 mm

After 8 months 15/05

US – 3 cm × 3 cm × 3 mm

21/05

4.4 cm × 3.7 cm × 2.2 mm

02/07

Scar: 6 × 2 cm

Table 2 Sequence of rehabilitation program

Player A Player B

Bike Bike

Crosstrainer Crosstrainer

Running (5 weeks) Running (3 weeks)

Individual soccer training 
(6.5 weeks)

Individual soccer training 
(4.5 weeks)

Collective soccer training 
(8 weeks)

Collective soccer training 
(5.5 weeks)
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Then we come to the most important questions:
Could we prevent these injuries?
Was the primary surgery for the Haglund exostosis neces-

sary? If we know that only 10% recovers after a Haglund 
excision.

What about the tennis leg?
Did we do a sufficient strength rehabilitation program 

after surgery, knowing that the player was not training too 
much and when he joined practice the intensity was low?

Could we prevent the Achilles tendinopathy?
Again, did we do a sufficient strength rehabilitation pro-

gram after the tennis leg?
Did we have to clean/open the tendon in the former sur-

gery? Because we still see that the tendon is weaker at that 
spot.

So, we can draw the following conclusions:
About the tennis leg (in the form as we mentioned above):

1. We have to perform an aspiration and apply a compres-
sive bandage.

2. Secondly, we must follow the evolution on US, and adapt 
the rehabilitation in function of the US.

3. Maybe we should consider using crutches, more fre-
quently, in the beginning; and maybe we can avoid easier 
relapse of the collection by applying more frequently an 
immobilization plaster.

Concerning the sequence of injuries of player A,

1. Is there a necessity to operate a Haglund?
2. We absolutely need a strengthening program after

Surgery for Achilles tendinopathy
Tennis leg
Achilles tendinopathy

N.B.: I didn’t mention growth factors as a possible treat-
ment because this method was not yet approved by WADA; 
but now I would certainly mention it as a valuable 
treatment.
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New Protocol for Muscle Injury Treatment

Tomás F. Fernandez Jaén and Pedro Guillén García 

Introduction

The most common pathology in sports is muscle injury.  
It amounts to 35–55% of all injuries in sports [41]. It deter-
mines mobility and disqualifies temporarily for the practice 
of sports [21]. Investigation of all of its causes and ongoing 
search for new treatments for every single injury stands as a 
challenge for sports medicine. The best possible treatment 
for muscle injuries [45] has not yet been determined mainly 
because of the great variety of injuries listed [15, 18], also 
because there is no one single method of diagnosis [17], 
there is a great deal of muscles that can be injured, and finally 
because of the very different functional repercussions of 
each sports discipline.

Several different treatments [24] have been tried to mini-
mize time and improve quality in the recovery of muscle 
regeneration. Various techniques have been applied from 
physiotherapeutic methods to platelet-rich plasma [20] and 
autologous conditioned serums [59] and proceedings to 
increase the number of stem cells at the muscle injury site [41]. 
Also fermented milk food diets rich in antioxidant substances 
[3] have proven to repair muscles.

On the other hand, one of the main features of muscle 
tissue is being a dynamic soft tissue capable of interacting 
with extracellular matrix and reacting to foreign stimuli [2]. 
This allows external manipulation both through physical 
(massages, magnetic fields, etc.) and chemical proceedings 
(NSAIDs, antifibrotic agents, etc.) Nonetheless, the regen-
erative capacity from muscles of human beings slows down 
with age as the appearance of fibrosis becomes more evi-
dent [6].

Justification to Establish a New  
Strategy of Treatment

There are several reasons to establish a new Protocol for the 
treatment of muscle injuries: there is no such thing as a single 
criterion that says how and when treatments or certain patterns 
of treatment need to be applied; there are several classifications 
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of nonhomogeneous muscle injuries [9] with a great variety of 
interobserver; patterns of treatment have been based on indi-
vidual medical experience rather than scientific homogeneous 
reproducible criteria. As a consequence, functional results have 
proven diverse, unpredictable, and unforeseeable.

Goal

Goal is to elaborate a Protocol to reconcile and combine the 
therapeutical process by applying actual knowledge on bio-
physiology, which will eventually set up a plan of treatment 
based on temporary biological criteria of muscle repair. Today, 
we know that chronology of muscle injury repairs is not homo-
geneous in time. The importance of any given growth factor and 
its biological repercussion varies and changes with time; quan-
tity and intensity of certain biological reactions also change.

We can establish different stages during muscle injury 
repairs mainly based on the predominant biological features – 
inflammation, degeneration, regeneration, and fibrosis [22]. 
Also we wish to stress that the muscle healing pattern varies 
from one muscle to the other; it depends on whether it is the 
inner calf or the quadriceps and changes from one injury to the 
other evolving, whether it is a myotendinous junction injury or 
in the middle third muscle injury.

As a consequence, this Protocol pretends to be a basic 
guideline for timelines and patterns of treatment not a spe-
cific by-the-book kind of rigid Protocol for muscle therapy. 
Our Protocol is close to these stages and induces measures to 
enhance the normal physiobiological response and inhibit, 
block, or try to disguise an abnormal or unwanted response.

Biological Foundation of This Protocol

This Protocol [13] consists of three fundamental stages from 
the day the muscle injury occurs; Fig. 1. The first stage also 
called the Acute Injury Stage takes place between the occur-
rence of the injury and the first 24/48 h. The second stage 
also called the Regeneration Stage spans from the first 24 h 
after the occurrence of the injury to the next 14 days, and the 
third stage also called the Fibrogenesis Stage spans from the 
second week up to the fourth week.

Acute Injury Stage or First Stage

Regardless of the mechanism that led to the muscle injury 
[15, 19] during the first 24/48 h the hematoma appears due to 
blood extravasations from broken blood vessels, cytokine lib-
eration [52], inflammation, stimulation of macrophages [51], 

and neutrophils [54]. Recruitment of macrophages takes 
place and eventually leads to degenerative phenomena. 
Inflammation is going to cause fibrillar degeneration of myo-
fibrillar proteins: actin and myosin – the basic goals of fibril-
lar [50] and cell degeneration.

Vasodilatation and angiogenesis are induced by the platelet-
derived growth factor-D (PDGF-D) and the vascular endothe-
lial growth factor-E (VEGF-E). Several studies prove the 
VEGF capacity to produce angiogenesis and vasodilatation 
[36, 39], stimulate the pericite layer of blood vessels to stimu-
late angiogenesis and increase interstitial blood pressure and 
blood vessel maturation [55]. The strongest vasodilator, that is, 
nitric oxide (NO) is produced from arginine through endothe-
lial nitric oxide synthase [57]. This enzyme inhibition is 
linked to a decrease in transversal section and tendon-muscle 
strength.

Neovascularization, improvement of the cellular meta-
bolic condition, and increase of oxygen supply at the injury 
area are very important to achieve a good biological 
response. On the other hand, during inflammation, cytokine 
liberation [61] – Fig. 2 takes place and cell activation of 

Acute injury
0 24 hours

Regeneration
24 h - 14 days

Chronology of muscle repair

Haematoma

Inflammation
Myofibrillar

injury
Satellite Cells

Muscle
regeneration

Muscular fibrosisDegeneration

Scar

Fibrogenesis
14 28 days

Fig. 1 Scheme of the chronology of muscle repair
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Limphocytes
Satellite Cells
Fibroblasts

Inflammation

Fig. 2 Effects of inflammation
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macrophages, neutrophils, and lymphocytes is produced, 
which will eventually lead to a strong activation of satellite 
cells and fibroblasts.

In sum, most injuries occurring during the Acute Injury 
Stage need to be treated in a conservative way [1, 38]. It is 
very important to monitor and minimize the size and number 
of hematomas all through physical therapy. To that end we 
suggest applying local ice for 10 min several times a day, com-
pression and elevation [26] of the affected limb during the first 
24 h – RICE (Rest, Ice, Compression, Elevation). Should the 
hematoma be massive and encapsulated evacuation might be 
necessary to perform an echo-guided puncture or even through 
surgery [21, 25]. Monitoring inflammation through physical 
means is a necessity as well. We cannot use anti-inflammatory 
drugs because they constrain and interfere with the mecha-
nisms that start all stages of biological repair. It has been dem-
onstrated that blocking cyclooxygenase delays and decreases 
muscle regeneration and induces fibrosis [44].

Vasodilation and angiogenesis need to be induced too, the 
metabolic condition of the affected area needs to be secured, 
and satellite cell stimulation also needs to be fostered. At this 
stage we will only be using analgesics, which will not inter-
fere with any of the aforesaid mechanisms; pain relieving 
electrotherapy can be applied too [56]. Immobilization needs 
to be highly restrictive and short in time because it produces 
muscle atrophy, increases inflammation, reduces the capac-
ity of healing, increases the chances of something going 
wrong, and complicates posterior mobilization [20].

Regeneration Stage or Second Stage

It spans from the first 24 h after the occurrence of the injury to 
the first 2 weeks. The main occurrence in this stage is activa-
tion and stimulation of muscle satellite cells, thanks to growth 
and other chemical substances. The fibroblast growth factor 
basic (bFGF or FGF-2) is great for its mediating effect. The 
bFGF is crucial in the machinery of muscle regeneration [14] 
and together with PDGF B they remain as very important 
components to induce arteriogenesis and myogenesis in the 
damaged muscle [12].

Also heparan sulfate [29] (HS) at rest until this stage is 
important. Satellite cells differentiate based on growth fac-
tors. They can generate three fundamental cell lineages: fibro-
blasts, which will later join further fibroblasts in the injury 
area; myofibroblasts, cells halfway through muscle fibers and 
fibroblasts; or myoblasts, precursors of the very muscle fibers. 
This is a very important stage since based on the treatment we 
apply we will be able to produce fibrotic repair – fibrosis or 
scar, or muscle regeneration. Find below all the different sub-
stances acting at the satellite cell level.

At the Regenerative Stage (Fig. 3), inhibition of myostatin 
should be considered. Myostatin acts as an endogenous inhib-
itor of the muscle satellite cells. It has been demonstrated that 

its inhibition increases the number of muscle tissue in cases of 
muscle dystrophy and sarcopenia [33, 47, 48, 58]. Also, at the 
end of muscle regeneration, an increase of myostatin has been 
observed [60].

As a fundamental fibrogenetic factor the transforming 
growth factor-beta (TGF-beta) should be stressed too. TGF 
beta is a powerful collagen synthesis inducer, cytokine pro-
ducer, and myofibroblast trans-differentiator, all involved in 
fibrosis [23]. Also it increases the number of fibroblasts, 
migration, adhesion, and formation of the extracellular 
matrix [32].TGF beta 1 is fundamental for the satellite cell 
transformation into a fibroblast [49] and to a lesser extent 
into a myofibroblast, and this is why blocking such a factor 
is paramount. As a TGF beta 1 inhibitor curcumine is a key 
factor to avoid fibrosis during muscle repair. The connective 
tissue growth factor (CTGF) is a family member of the TGF. 
CTGF is a molecule induced by TGF beta and plays an 
important role in skeletal-muscle fibrosis [42]. Also it stimu-
lates the fibroblast differentiation into myofibroblasts.

Other significant factor in the mechanics of muscle regen-
eration is insulin growth factor type 1 (IGF-1). Muscle type 
is the muscle insulin-like growth factor isomorfon type 1 
(mIGF-1), which maintains tissue integrity during aging and 
exercise. Tissue concentration decreases in degenerative ill-
nesses and caquexia and increases during postinjury repair [40]. 
IGF 1 and IGF 2 act through IGF-1 receptors and are keys to 
hypertrophy and muscle fiber growth [43]. They are of para-
mount importance for satellite cell differentiation into myo-
blasts. Also IGF intratissue injection increases the capacity 
of muscle fiber recovery [40]. To a lesser extent PDGF, TGF 
b, and HSPGs induce satellite cell differentiation into 
myoblasts.

The intracellular IL-1 antagonist receptor – IL1a – has 
been reported at the skin level as having a possible effect on 
the muscle, decreasing fibrosis produced by fibroblasts [27]. 
Also it has been reported that the activity of the kinase inhib-
itor of NF-kappaB kinase 2 (IKKA2) induces regeneration 
through satellite cell activation and fibrosis decrease [34]. 

Between 0 14 days after injury
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On the other hand myoblast migration from the injury area is 
essential. Such migration is induced by the tumor necrosis 
factor-alpha (TNF) alpha through direct chemotactic or indi-
rect ways by increasing the activity of the matrix metallopro-
teinases (MMPs) [53].

One hormone capable of acting at the regenerative stage 
level is relaxine. It induces myoblast differentiation into 
mature muscle fibers. Satellite cell differentiation into myo-
fibroblasts is powered by cytokines, the nerve growth factor 
(NGF), and the TNG-alpha. P substance is a peptide that 
stimulates the expression of the TGF beta family, induces 
proliferation, fibroblast differentiation, and scar formation 
during healing [28]. In sum, when the satellite cell is at rest 
it remains undifferentiated yet when it is activated by the 
mediation of specific growth factors it expands itself and dif-
ferentiates into myoblasts, myofibroblasts, or fibroblasts. On 
the whole, differentiation into any given cell line depends on 
stimulation of a specific growth factor.

Studies demonstrate that implanting mother cells from 
the marrow into the injury area increases muscle regenera-
tion [7]. In cases of significant muscle flaws, matrices built 
to act as mother cell supports have been reported [11]. It is 
necessary to promote and induce all growth factors that 
produce satellite cell differentiation into myoblasts and to 
a lesser extent into myofibroblasts, and inhibit all factors 
that condition stimulation and fibroblast production and 
eventually the appearance of fibrosis or scars at the bottom 
of the injury.

Fibrogenesis Stage or Third Stage

Between 14 and 28 days, cell activity in all of the aforesaid 
cell lines increases while cell differentiation decreases. Some 
therapeutic agents have proven their capacity to inhibit fibro-
genesis and increase muscle regeneration through the inhibi-
tion of the TGF beta 1. Here are some of these inhibitors: 
Angiotensine receptor blockers [4]; suramin – that blocks the 
TGF-beta 1 stimulator effect on muscle cells derived from 
fibroblasts. In vivo: decreases fibrosis, increases strength and 
muscle tension [8]; relaxine – that increases differentiation 
and proliferation of myoblasts and decreases the activity of 
myofibroblasts which eventually decreases fibrosis. In vivo: 
increases muscle regeneration, decreases fibrosis, and 
increases strength of the damaged muscle [35]; decorin – a 
small leucine surrounded by a proteoglycan matrix that plays 
an important role in TGF beta [46] controlled fibrogenesis 
which in turn has proven to have a correlation between deco-
rin, myostatin, and TGF beta 1 in fibrosis decrease [62]; tri-
ple helix collagen containing-1 (Cthrc1) has proven to be a 
specific inhibitor of TGF beta that modifies collagen 

deposits type I and III [30]; peroxisome proliferator-activated 
receptor-gamma (PPAR-gamma) is another fibrogenesis 
inhibitor [31]; gamma interferon, human recombining pro-
tein; curcumine – a TGB beta 1 vegetal stain-inhibitor and 
radiotherapy protector [37]; IKK2/NF-kappaB; HGF + PPAR-
gamma; metalloproteinases – enzymes responsible for col-
lagen degradation. Direct injection of MMP-1 in the injury 
area during fibrogenesis may increase muscle regeneration 
following an increase in the number of myofibers, and 
growth-liberating factors. The MMP-1 injection decreases 
fiber tissue [5] too.

Physiotherapy [1] followed by small frequent moves, 
eccentric muscle workout, and resistance workout all increase 
the muscle contractile capacity and decrease the chances of 
suffering relapses [16]; electrotherapy [56] can be applied 
too. From day 28, physical training needs to be increased, first 
stretching, then higher intensity of isometric and isokinetic 
muscle contractions but always in the absence of pain. Active 
sporting practice will only be possible once basic physical 
activity is absolutely painless [25].

It is very important to remind that the sportsman should 
not be back to active sporting practice until he is fully recov-
ered since the rate of recurrent injury is very high [38]. In the 
world of sports and in particular in Sports Medicine methods 
to reuse or manipulate growth factors like the IGF-1 need to 
comply with all codes, rules, and regulations set forth by the 
World Anti-Doping Agency (WADA) [10].

Conclusions

This Protocol observes all the stages involved in muscle 
repair and the predominant biological reaction. Goals of 
these stages:

First Stage – Control hematomas and swelling through 
physical means.

Second Stage – Induce activation of satellite cells and its 
differentiation into myoblasts.

Third Stage – Fibrogenesis inhibition.
This regenerates the damaged muscle back into muscle 

and not fibrosis.

Concept Test

Popliteus muscle injury pretreatment.
Subject: 42 year-old male. Injury: popliteus muscle tears. 

Treatment; Protocol (Fig. 4a, b).
Results: Images resonance magnetic (IRM) acute injury 

and 1 month later posttreatment (Fig. 5a, b).
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Protocol

Find below the correct adequate Protocol for patients with 
tendon–muscle tears:

1.  Evaluate the injury surgical indication.
 On the whole, the tendon muscle injury needs to be treated 
in a conservative way.
 Once surgical indication has been ruled out move on to 
the next step.

2.  Check time elapsed from the occurrence of the injury 
until medical attention.

 2.a.  First Stage or Acute Injury Stage.
Less than 24 h after the occurrence of the  
injury:

 2.a.1.  Intense intramuscular bleeding causing intense 
rising pain and growing pressure. Extract the 
hematoma through echographic control or 
whatever available technique at the medical 
center. Then move to step 2.a.2.

 2.a.2.  Nonintense intramuscular bleeding and/or 
hematoma post-evacuation. Apply RICE 
Protocol – Rest, Ice, Compression, and 
Elevation to stop the bleeding. Rest, Ice – 
local cold: Apply 10–15 min local cold in the 
injury area every 30 min for the first 24 h from 
the occurrence of the injury. Compression. 
Elevation of the affected limb.

 2.a.3.  Minimum bleeding or controlled bleeding: 
Start with vasoactive medication if it is not 
contraindicated.

 2.b. Second Stage or Regenerative Stage.
Twenty four hours after the occurrence of the injury 
and less than 14 days:

Pharmacological measures to increase blood 
circulation.
Avoid NSAIDs.
When in pain provide pain relievers: Para-
cetamol, metamizol, etc.
Avoid the RICE Protocol.

a b
Fig. 4 (a) IRM sagittal and  
(b) axial images shows injury 
popliteus muscle

a b

Fig. 5 (a) IRM sagittal and  
(b) axial images shows popliteus 
muscle posttreatment injury 
1 month later
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Avoid immobilization, start with a mild mobili-
zation from the beginning and if there is good 
tolerance start isometric and isotonic workout 
and eventually move to isokinetic workout.
Avoid massaging.

2.c. Third Stage or Fibrogenetic Stage.
 Fourteen days after the occurrence of the injury and 
approximately less than 3–4 weeks:

Pharmacological measures.
Cut vasoactive medication and if it is not contrain-
dicated provide fibrosis inhibitors until the fourth 
week from the occurrence of the injury.
Initiate monitored adequate physiotherapy.

3. Back to the practice of sports.
 Only when stretchings, mobility, and contractions 
are painless.
 Start with basic moves, warm up and stretching to 
keep general physical shape going.
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Shockwave Therapy in Sports Medicine

Marc Rozenblat 

Introduction

Shockwave is an innovation in the arsenal of therapies in 
sports medicine.

Two types exist: Extracorporeal shockwave therapy (ESWT) 
and Radial (RSWT) shock wave therapy.

The principle is the same in both cases: it uses ultrasonic 
waves. In the RSWT, there is a direct percussion on the skin 
and through connecting tissue, fat, and muscles without 
damaging them.

History

The beginning of this therapy was in the 1980s [2]. The 
principle of shockwave finds its origin lithotrity with the 
destruction of urinary calculi. ESWT is used in the bath. 
RSWT is used with a urethroscope to have an intracorporeal 
action. In the 1990s, ESWT was used on in vitro bone tissue 
fragmentation. In 1996, Rompe used RSWT in veterinary 
treatment on horse spine.

Now, RSWT is used in many indications.

Technology

RSWT uses an applicator on the skin (Fig. 1). The bobweight 
is propelled by an air pistol. The action is limited to the area 
directly impacted by the jet from the nozzle of the applicator. 
It is effective to a depth of 3.5 cm. The energy is about 0.02–
0.54 mJ/mm2.

There are two different types of nozzles:

 Standard source with divergent and wide treatment
 Focused source with convergent and more precise 

treatment

The nozzle obliqueness and the patient’s suitable settlement 
are adaptable. The therapist can use medial or lateral treat-
ment, with or without back support.
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Generally, anesthesia is not required but contact gel is 
used for better comfort during the therapy.

Physiopathology

RSWT uses sound wave and acoustic resonance (Fig. 2).  
The pressure is a transitory phenomenon with two phases. 
The first has a positive pressure. It last 10 ns. It is the compres-
sion phase. The second is the continuation of the first. It is a 
negative pressure with cavitation phenomenon. Relaxation 
and decompression of the tissue are observed.

Action Modes

There are three different action modes:

 Chemical: with liberation of pain-inhibiting endorphines. 
Sometimes there is an immediate anesthetic effect.

 Gate-control: RSWT interrupts the perception of pain by 
stimulating the high-caliber sensitive nerve fibers.

 Mechanical: it is the essential effect with a defibrotic 
action similar to that in deep transversal massage (Cyriax-
Troisier)

Contraindications

Some situations are not recommended: use near the abdo-
men in pregnancy, child epiphyseal plate, cutaneous neuro-
logic pathologies, vascular pathologies, infection, proximity 
of pulmonary tissue, coagulation perturbation or usage of 
anticoagulant drugs treatment, and also tumors. Consequently, 
X-rays are needed before RSWT.

Technical Parameters

The number of strokes is generally always 2,000 by session. 
The frequency of the strokes is a function of the depth of the 
lesion. When the lesion is superficial the frequency is high 
(near 15 Hz). When the lesion is deep, the frequency is low 
around 3 Hz. The pressure is dependent on each patient’s 
tolerance and can be changed every session. The most impor-
tant thing is to remember that shockwave therapy must not 
be painful (“primum non nocere”).

Adverse Effects

They are unusual but possible and described in medical lit-
erature: increased pain, ecchymosis, swelling, and edema.

AIR-OUTAIR-IN

APPAREIL A MAIN 

UNITE DE CONTRÔLE

PRESSION

FREQUENCE

NBE DE COUPS

Fig. 1 Bobweight propelled by 
air pistol

p+

p

tw

ta Time (t)

Pressure (p)

Fig. 2 Transitory phenomenon with two phases: positive (compres-
sion), negative (relaxation)
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Session Frequency and Valuation

In the beginning (the 1990s), German practitioners used 6–12 
sessions with 15 days between 2 sessions [3]. Now, 1 or 2 
sessions weekly, for a total of 3–6 sessions with 7 days 
between 2 sessions is recommended. So the treatment lasts 
15–45 days and the number of sessions is determined depend-
ing on individual result.

Blazina Levels Are Used to Help  
with the Assessment

 Level 0: asymptomatic
 Level 1: pain at the beginning of exercise and/or during 

sporting activity
 Level 2: pain at the beginning of exercise, decreasing dur-

ing sporting activity and restarting after exercise
 Level 3: continuous pain

Evolution During Treatment

There are three cases:

 Excellent cases (Blazina 1 or 2): the asymptomatology is 
covered with 3 sessions in 15 days. Intensive sport could 
be resumed 6 weeks after the first session.

 Less favorable cases. Pain disappears after 4–6 weeks. 
Intensive sport is authorized after less than 15 days in the 
absence of pain.

 Bad cases (Blazina 3). Pain persists after 5 or 6 sessions. 
No intensive sport is admitted. Other treatments must be 
proposed.

French Open Study

Seven thousand associated cases of shockwave therapy in 
sport over a period of 5 years in three French medical centers 
are reported.

Here is a tabular distribution of these 7,000 cases 
(Table 1).

A lot of chronic locomotor pathologies are cited in the 
literature and treated [4, 5, 9, 12, 15, 18, 32, 36, 37, 39–41].

 Tendinitis with or without calcification [7, 8, 10, 11, 13, 
14, 19, 23, 25, 28–30, 34]

 Periosteum lesions [33, 35]

 Chronic muscle lesions [24, 27]
 Bone lesions: non-union and pseudarthrosis [6, 26, 31]
 Chronic ligamentous lesions [16, 17, 20–22]
 Trigger points [1, 38]

In different localizations [5, 32]
and principal indications:
Shoulder: supraspinatus tendinosis, supraspinatus calcifi-

cation, bursitis ± calcification, tenosynovitis
Elbow: Lateral corporeal epicondylitis, lateral enthesis 

epicondylitis, medial epicondylitis, medial enthesis 
epicondylitis

Wrist: De Quervain tenosynovitis, bursitis, radial 
styloïditis

Hand: rhizarthrosis, digital pulley bursitis, Dupuytren’s 
contracture

Pelvis: gluteus medius bursitis, hamstrings lesions, pubal-
gia, pubic arthropathy, adductor tendinosis

Knee – extensor apparatus: quadriceps femoris enthesop-
athy, patellar ligamentosis

Knee – others: iliotibial bursitis, Pellegrini Stieda syn-
drome, Pes anserinus tendinosis

Leg: peroneus tenosynovitis, tibial periostosis, periosteum 
lesions

Calcaneal tendinosis: corporeal, calcification, insertion
Fasciitis plantaris: insertion, fibrosis lesion
Foot end ankle: Morton’s neuralgia, tibial tendinosis, talo 

crural conflict
Muscles: hamstrings lesion, quadriceps lesion, calf lesion, 

lumbago
Some results are given (Table 2).

Conclusion

Shockwave therapy in sports medicine is a brand-new 
innovation.

With harmlessness, swiftness, and effectiveness, 70% of 
patients have satisfaction and relief within the initial 15 days 

Table 1 Properties of seven thousand patients involved in French open 
study

Distribution  
of 7,000 cases

Men 4,643 66%

Women 2,357 34%

Average age 35 18%–75%

Competitive sport 1,820 24%

Regular leisure exercise 2,100 30%

Occasional exercise 2,170 31%

No physical training 910 13%
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of treatment with 3 sessions; 75–80% return to intensive 
sport after 6 weeks.

RSWT is a workable alternative to conventional treatment 
in sports medicine traumatology.
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Growth Factors: Application in Orthopaedic 
Surgery and Trauma

M. Garcia Balletbo and Ramon Cugat 

History

One of the pioneers in the study of bioactive molecules is 
Professor Marshall R. Urist, who in 1965 published: “The 
extracellular matrix of bone tissue that has the capacity of 
inducing bone formation, it is known as Bone Morphogenetic 
Protein (BMP)” [55].

Some years later studies carried out by Samuel Balk demon-
strated that specific animal cells such as chicken fibroblasts, 
rat thymus, and bone marrow cells require appreciable extra-
cellular concentrations of calcium ions or factors peculiar to 
serum but not to plasma, to initiate their division [10].

After this, papers from different authors started being 
published: “evidence that platelets are an enriched source of 
growth-promoting activity for BTB mouse fibroblasts”, pub-
lished by Nancy Kohler et al. “The role of Factors Derived 
from blood serum in promoting cell proliferation in vitro” 
was studied and published by Russell Ross’ team [31, 40].

It is important to highlight a paper describing the Human 
Platelets, which contain a Polypeptide Growth Factor that 
stimulates the Proliferation of Connective Tissue Cells. The 
authors identified two types, PDGF I and PDGF II; both were 
constituted from two aminoacid chains of different molecular 
weight” .The paper was published by Antoniades et al. [7].

And Heldin et al. studied the chemical properties of 
PDGF and the utilization of these properties in a purification 
protocol for PDGF, which led to an electrophoretically pure 
product [26].

In 1987, after a scientific meeting hosted by the US 
National Science Foundation where the objective was to dis-
cuss an upcoming concept combining biology and engineer-
ing, Professor Fung of California University, San Diego, in 
La Jolla (USA), coined the term “Tissue Engineering” for 
treatments with cells, bioactive molecules – growth factors 
(GFs) and cytokines – and scaffolds to regenerate tissues 
such as the skeletal muscle [60].

More recently, in 1995, the multidisciplinary group led by 
oral surgeon Eduardo Anitua, founder of the Biotechnology 
Institute, and the foundation named after him increased the 
knowledge of platelet function and its therapeutic applica-
tions [3, 4].
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Platelets are small blood cell fragments that arise from the 
megakaryocytes without nucleus and have two functions: 
that of interrupting bleeding when there has been a vascular 
injury (haemostatic function) and stimulating cell prolifera-
tion and tissue scarring (bio-therapeutic function) when they 
release GFs that have been synthesized by the megakaryo-
cytes and stored in the  granules [3, 4, 23, 24, 37].

Physiological Processes

All body tissue cells are in a process of continuous 
renovation.

Bone tissue cells are submerged in the extracellular 
matrix, which is a network formed from macro-molecules. 
The extracellular matrix participates in cellular metabolism 
and behaviour regulation of the cells in contact with it. 
Soluble factors, which are proteins, can be found in it; these 
include BMP morphogenetic proteins and Growth Factors 
(GFs), which give volume and are involved in biological 
tissue function, directing cell, tissue and organ embryo-
logical development, and play an important role in post-
foetal physiology [3].

There are two important concepts in regenerative biology: 
Regeneration and Repair.

Regeneration is tissue property restoration that is indistin-
guishable from the original.

Repair is the restoration of tissue physical and mechanical 
properties, such as architecture and function, where the result 
is inferior to the original. It is a spontaneous transformation 
resulting in a scar.

Regenerative Biology

Bearing regeneration and repair in mind, after tissue injury 
the objective is to Reconstruct the Form and Restore the 
Function. The combination of biology and engineering, tis-
sue engineering, using artificial or natural biosubstances can 
achieve regeneration.

Tissue regeneration has three phases, cell migration, pro-
liferation and differentiation, and the above mentioned bio-
substances have different mechanisms in the process.

The artificial biosubstances are called scaffolds. They 
encourage cells to proliferate rapidly and synthesize proteins 
vigorously. And the natural biosubstances which are GFs 
and cytokines regulate key events in repair and regeneration. 
The use of GFs has been considered a way to manipulate the 
host healing response at the site of injury: they identify sig-
nals that regulate cell proliferation and differentiation.

Regeneration is brought about by activating certain cells 
providing adequate stimulation signals and/or neutralising 
certain suppressive signals. One requirement is the potential 
for cell division which can be classified into: labile, stable 
and permanent.

Lost permanent cells cannot be substituted, but on the 
other hand they have a long life and live in protected areas: 
i.e. nerve cells.

Most differentiated cells are not permanent and renew 
themselves. The new ones are produced in two ways: simple 
duplication of pre-existing cells: i.e. liver cells, or from non-
differentiated stem cells via a process of differentiation 
which involves a change in the cellular phenotype.

The precursor cells: stem cells, GFs and BMPs play an 
important role in the post foetus physiology and are essential 
in embryogenesis and repair. Both processes have great simi-
larities [4].

Growth Factors: GFs

Growth Factors (GFs) are soluble and diffusible Polypeptides. 
In numerous types of cells they are responsible for growth 
regulation, differentiation and phenotype: i.e. muscular- 
skeletal system cells. Their molecular weight range is from 
5 to 35 KDa. A big variety of cells produce them. The sources 
of the GFs are the extracellular matrix, the platelets mega-
karyocytes, the plasma and others.

They carry out their function by joining specific mem-
brane receptors situated in the surface of the cell when 
being sent from one cell to another in order to transmit 
a specific signal: i.e. cellular migration, cellular differentia-
tion etc. This signal can be sent from one cell directly to 
another cell when they are close or through the factor when 
further apart.

Some are synthesized by almost all the cells, for example 
TGF 1, which is involved in almost all physiological pro-
cesses [4].

Functions

Each one has one or several specific activities in a predeter-
mined cell, depending on the specific environmental 
circumstances.

Therefore, GFs are multifunctional. As mentioned previ-
ously they are involved in repair and regeneration and also, 
regulate key processes such as Mitogenesis, Chemotaxis, 
Cell Differentiation and Metabolism [4].
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Classification

They are named according to their origin or activity.
GFs found in bone tissue and in those tissues involved in 

regeneration are:
PDGF: Platelet Derived GF. Produced by the platelets, 

macrophages and endothelial cells, it is a protein stored in the 
platelets’ alpha granules and is released when the platelets 
group together and the coagulation cascade begins. The con-
nective tissue cells in the area respond by initiating a replica-
tion process [4].

VEGF: Vascular Endothelial GF. Its aminoacid sequence 
has a 24% similarity to that of PDGF- . It has different bio-
logical effects because it joins different receptors: a powerful 
selective mitogene for endothelial cells and has an angio-
genic action in vivo [4].

TGF- : Transformed GF. Is a protein super-family which 
includes morphogenetic bone proteins among others. It has 
three fundamental functions and according to the environ-
mental circumstances of the cells, it carries out one or 
another. Its functions are as follows:

Modulates cell proliferation: it is a suppressor;
Increases extracellular cell matrix synthesis and inhibits 
its degradation;
Exerts an immunosuppressor effect [4].

AFGF and bFGF: Acidic and Basic Fibroblastic GFs are 
synthesized by a variety of cells: i.e. fibroblast, osteoblasts, 
etc. and are identified by four different types of receptors. 
They stimulate the proliferation of most cells involved in 
repair: endothelial capillaries, endothelial vessels, fibro-
blasts, keranocytes, chondrocytes, myoblasts, etc. [4].

IGF-I and IGF-II: Insulin like GF Type I and II. Both are 
abundant in bone tissue. IGF-I is produced by osteoblastic 
cells, stimulates bone formation by triggering cell prolifera-
tion. It increases the number of osteoclastic multinucleated 
cells, the differentiation and Type I Collagen biosynthesis [4].

EGF: Epidermal GF. Similar to TGF-  in structure and 
biological action, and it joins the same receptors. It is syn-
thesized in the kidneys, submandibular, lachrymal, and 
Brunner glands. It is also synthesized by the megakaryo-
cytes. It is found in saliva, tears, and urine. It stimulates 
migration and mitosis of the epithelial cells and increases 
protein synthesis: i.e. fibronectin. It increases the collagen 
because it attracts fibroblasts by chemotaxis, which synthe-
sizes collagen [4].

HGF: Hepatocyte GF is multifunctional inducing diverse 
biological events [66].

The GFs related with the number of platelets are: PDGF, 
TGF 1 and TGF 2, VEGF, EGF and bFGF. They are pro-
duced by the megakaryocytes and stored in the alpha- granules 

of the platelets. The plasma GFs not related to the number of 
platelets are IGF I and HGF [3].

The TGF- 1, PDGF and IGF-I: modulate cell prolifera-
tion and migration, and extracellular matrix synthesis. And 
the VEGF, HGF and bFGF are chemotactic and mitogenic 
for endothelial cells promoting angiogenesis and vasculari-
zation a key step in healing [3].

PRP

It is a plasma preparation containing platelets and fibrin. Its 
properties are: anti-inflammatory, anti-bacterial, analgesic, 
it is involved in healing process and biological glue [3].

The platelets which come from megakaryocytes, don’t 
have nucleus but alpha granules which contain GFs. They 
play a role in coagulation, haemostasis and the healing pro-
cess. Their presence in PRGF® gives the properties, anti-
inflammatory, anti-bacterial, analgesic and regenerative-repair 
while the fibrin gives the biological glue property [3].

Currently there are several commercial products avail-
able for obtaining PRP, all of which have some steps in 
common:

1. Patient’s peripheral blood is required.
2. Then it is centrifuged.
3. The result is divided into three layers: the base, red, con-

tains erythrocytes; the middle, white thin ring, contains 
leukocytes and inflammatory cytokines; and the top, yel-
low, is plasma with platelets and GFs.

And the differences are:

1. The speed and number of centrifugations resulting in dif-
ferent platelet concentrations.

2. The use of anticoagulant in the blood sample container.
3. The presence of leukocytes in the final preparation.
4. The use of an activator.

Obviously the final product obtained performing one method 
or another is different and therefore the results obtained with 
their application could be different [35].

PRGF® Definition

PRGF® is Plasma Rich in Platelets with all the Proteins and 
Plasmatic Coagulation Factors. The GFs which compose the 
PRGF® are PDGF Platelet Derived Growth Factors, TGF 1 
& TGF 2 Transformed Growth Factor 1 & Transformed 
Growth Factor 2, IGF I Insulin Growth Factor Type I, 
VEGF Vascular Endothelial Growth Factor A & C, FGF 
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Basic Fibroblastic Growth Factor, EGF Epidermic Growth 
Factor and HGF Hepatic Growth Factor [3].

Obtaining Technique

It is obtained following the technique described and patented 
by Anitua (Fig. 1). The main characteristics are:

It is carried out using small quantities of blood: from 9 to 
72 ml (Fig. 2).

The plasma fraction is obtained from a single slow spin 
at 460 g for 8 min.
The clot is obtained by adding Calcium (Calcium 
Chloride) without having to use bovine thrombin.
The final product contains no leukocytes and the platelet 
concentration is from ×2 to ×3.

PRGF® does not contain leukocytes because leukocytes make 
fibrin unstable by accelerating fibrinolysis and also contain 
MMPs that contribute to the extracellular matrix degradation 
(Figs. 3 and 4) [3, 4].

GF Therapy

The aim is to use platelets mimicking the physiological pro-
cess when a tissue is damaged [37].

Many studies in different fields of medicine have recently 
been published on the study and clinical use of the BMP 

Fig. 1 Laboratory equipped with specific technology for carrying out 
PRGF® technique described by Anitua

Fig. 2 Blood aspect in anticoagulant sterile tubes after centrifugation. 
Red layer, thin white ring, yellow layer can be observed

Fig. 3 The “red tube” shows haemolysis. Anitua’s technique rejects 
this sample

Fig. 4 Anitua’s technique also rejects inclusion of leukocytes in the 
final product
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morphogenetic proteins and on GFs. The goal of each of 
these is to identify: the optimum combinations of these pro-
teins, with higher power, the most effective exposure time, 
the most effective therapeutic dosages and as well as how to 
define the right ways to release them [2, 11, 12, 14, 20, 21, 
27, 35, 39, 53, 59, 65].

The current applications in orthopaedic surgery and sports 
medicine are:

Cartilage

The aim of treating chondral injuries with PRGF® is to re-fill 
defects with new chondral tissue [1, 5, 15, 17, 22, 32, 33, 42, 
46, 49, 50].

Technique: In osteoarthritic joints the advised protocol is 
3–5 intraarticular PRGF® injections of 7–9 cc, one injection 
every 7–10 days [16, 56].

Menisci

The objective of applying PRGF® in meniscal injuries is to 
start the repair process. It is currently being applied in menis-
cus suture and transplantation [13].

Technique: PRGF® 7–9 cc injected intraarticular at the 
end of the surgery [13].

Ligament

The aim of treating ligament injuries with PRGF® is increased 
collagen synthesis, increased fibroblast synthesis, improved 
scarring speed, increased tension strength resistance, 
increased maturing speed [9, 28–30, 34, 41, 47, 48, 51, 52, 
54, 58, 61–64].

Currently it can be used as conservative treatment for 
MCL and ankle lateral ligament injuries [13] as well as sur-
gical treatment of ACL ruptures [13, 38, 45].

Technique: Conservative treatment: PRGF® 5 cc local 
injection. Then the joint is braced avoiding stress ligament 
injury and permitting full range of motion [13].

The use of PRGF® in ACL surgery has two goals: to pre-
vent anterior knee pain and to achieve a quicker fixation and 
maturity of the graft [38, 45].

Technique: Some orthopaedic surgeons keep the graft 
submerged in PRGF® throughout the surgery [45]. Others 
inject 5 cc of PRGF® in the graft in the last phase of surgery 
and another 5 cc PRGF® in the donor part of the patella and 
patella tendon [13, 38].

In partial ACL tears 5 cc of PRGF® is injected in the 
remaining fibres of the ACL under arthroscopic control. Then 
the knee is kept in extension with a brace for 4 weeks [13].

Bone

The objective of applying PRGF® in bone fractures is: 
improve bone healing, stimulate the proliferation of trabecu-
lar bone cells and osteoblast-like cells, and by doing so avoid 
pain and disability [18, 44, 57].

Technique: Local PRGF® injection, amount administered 
according to the fracture site and its surrounding areas [44].

Tendon

The goal is to obtain a new healthy tendon tissue [6, 8, 19, 
25, 36, 43].

Technique: PRGF® can be applied by local injection or as 
a gel during a surgical procedure when the tendon is sutured 
[13, 43].

The local injection is carried out in and around the injured 
area of the tendon, after which healing progress is evaluated 
by ultrasonography to confirm whether or not a repeat injec-
tion is required. For target area accuracy, the injection can be 
carried out under ultrasonography control [13, 43].
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Minimally Invasive Surgery for Achilles  
Tendon Pathologies

Nicola Maffulli, Umile Giuseppe Longo, and Vincenzo Denaro 

Introduction

Achilles tendon (AT) pathology is one of the more common 
conditions encountered by the foot and ankle surgeon. While 
it most frequently affects the athletic population, it can also 
lead to significant morbidity in older and sedentary patients. 
In the last few years, new minimally invasive surgical 
approaches have been developed [4, 5, 14, 32, 42] to reduce 
the risk of infection and morbidity [40]. Minimally invasive 
AT surgery seems to obtain faster recovery times, shorter 
hospital stays, and improved functional outcomes when 
compared to traditional open techniques [4, 5, 8, 9, 14, 32]. 
Open procedures on the AT have been associated with 
increased risk of wound healing because of the tenuous 
blood supply and increased chance of wound breakdown and 
 infection [40]. Moreover, the broad exposure given by open 
procedures may cause extensive iatrogenic disruption of the 
subcutaneous tissues and paratenon, increasing the potential 
for peritendinous adhesions.

We present the recent advances in the field of minimally 
invasive surgery for the most common pathologies of the AT, 
including management of tendinopathy of the main body of 
the AT (multiple percutaneous longitudinal tenotomies 
[32, 42] and our minimally invasive technique of stripping of 
the AT [14]), acute ruptures (our percutaneous technique to 
operate on acute AT ruptures [5]), and chronic tears (our 
minimally invasive reconstruction of chronic tears of the AT 
using the peroneus brevis [4] and the semitendinosus autolo-
gous tendon graft [25]).

Achilles Tendinopathy Management

Achilles tendinopathy is characterised by pain, impaired per-
formance, and swelling in and around the tendon [18]. The 
aetiology of pain in Achilles tendinopathy is still unknown, 
with recent evidence suggesting that neo-vascularisation and 
neo-innervation play an important role [1, 13, 15, 29, 33, 35, 37]. 
Neo-vascularisation is a feature of tendinopathy, and the area 
where most neo-vascularisation occurs on power or colour 
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Doppler ultrasound scan seems to correlate with the area in 
which patients perceive most pain [37].

Classically, the aim of surgery was to remove degenerated 
nodules and to excise fibrotic adhesions. Other options 
included performance of multiple longitudinal tenotomies 
along the long axis of the tendon to (1) detect intratendinous 
lesions, (2) restore vascularity, and (3) possibly stimulate the 
remaining viable cells to initiate cell matrix response and 
healing [39].

To this aim, we describe a technique of percutaneous lon-
gitudinal tenotomies [32], eventually ultrasound scan guided 
to accurately determine the precise area of tendinopathy [42].

New surgical management options aim to address the area 
of neovascularisation outside the tendon [14]. To this aim, we 
have developed a new minimally invasive stripping of the AT.

Multiple Percutaneous Longitudinal 
Tenotomies

The patient lies prone on the operating table with the feet 
protruding beyond the edge, and the ankles resting on a pad-
ded sandbag [32]. The tendon is accurately palpated, and the 
area of maximum swelling and/or tenderness is marked and 
checked again by US scanning. The skin and the subcutane-
ous tissues over the Achilles tendon are infiltrated with 
10–15 mL of plain 1% lignocaine (Lignocaine Hydrochloride, 
Evans Medical Ltd., Leatherhead, England).

A number 11 surgical scalpel blade is inserted parallel to 
the long axis of the tendon fibres in the marked area(s), with 
the cutting edge pointing cranially (Fig. 1). This initial stab 
incision is made in the central portion of the diseased tendon. 
With the blade held still, a full passive ankle dorsiflexion 
movement is produced. After the position of the blade is 
reversed, a full passive ankle plantarflexion movement is 

produced. A tenotomy is thereby produced over a length of 
up to approximately 3 cm using only a stab incision. The 
procedure is repeated 2 cm medial and proximally, medial 
and distally, lateral and proximally, and lateral and distally to 
the site of the first stab wound. The pattern of the 5 stab inci-
sions is similar to the number 5 on a dice. The 5 wounds are 
closed with steristrips, dressed with cotton swabs, and sev-
eral layers of cotton wool and a crepe bandage are applied.

Ultrasound-Guided Percutaneous  
Tenotomy

The patient is positioned as described for the previous tech-
nique. A bloodless field is not necessary. The tendon is accu-
rately palpated, and the area of maximum swelling and/or 
tenderness is marked and checked by US scanning [42]. The 
skin is prepped with an antiseptic solution, and a sterile lon-
gitudinal 7.5 MHz US probe is used to confirm the area of 
tendinopathy. Before infiltration of the skin and subcutane-
ous tissues over the Achilles tendon with 10 mL of 1% 
Carbocaina (Pierrel, Milan, Italy), 7 mL of 0.5% Carbocaina 
is used to infiltrate the space between the tendon and the 
paratenon. This brisement procedure attempts to free the 
paratenon from the tendon by disrupting adhesions between 
the two structures.

Under US guidance, a number 11 surgical scalpel blade 
(Swann-Morton, England) is inserted parallel to the long 
axis of the tendon fibres in the centre of the area of tendi-
nopathy, as assessed by high-resolution US imaging. The 
cutting edge of the blade points caudally and penetrates the 
whole thickness of the tendon. With the blade held still, a full 
passive ankle flexion is produced.

All subsequent tenotomies are performed through this 
same stab incision unless there is an extensive area of ten-
dinopathy or an additional area of tendon disease. The scal-
pel blade is then retracted to the surface of the tendon 
inclined 45° on the sagittal axis, and the blade is inserted 
medially through the original tenotomy. With the blade 
held still, a full passive ankle flexion is produced. The 
whole procedure is then repeated with the blade inclined 
45° laterally to the original tenotomy and inserted laterally 
through the original tenotomy. Again with the blade kept 
still, a full passive ankle flexion is produced. The blade is 
then partially retracted to the posterior surface of the 
Achilles tendon, reversed 180° so that its cutting edge now 
points cranially, and the procedure is repeated, with care 
taken to dorsiflex the ankle passively. Preliminary cadav-
eric studies have demonstrated that on average a 2.8 cm 
tenotomy is obtained using this technique. A steristrip  
(3 M United Kingdom PLC, Bracknell, Berkshire, England) 
can be applied on the stab wound, or the stab wound can be 

Fig. 1 A Number 11 surgical scalpel blade is inserted parallel to the 
long axis of the tendon fibres in the marked area with the cutting edge 
pointing cranially
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left open [23, 28]. The wound is dressed with cotton swabs, 
and several layers of cotton wool and a crepe bandage are 
applied.

Minimally Invasive Stripping

The patient is positioned prone. A calf tourniquet is not 
necessary.

Four skin incisions are made. The first two incisions are 
0.5 cm longitudinal incisions at the proximal origin of the 
Achilles tendon, just medial and lateral to the origin of the 
tendon. The other two incisions are also 0.5 cm long and 
longitudinal, but 1 cm distal to the distal end of the tendon 
insertion on the calcaneus.

A mosquito is inserted in the proximal incisions, and the 
Achilles tendon is freed of the peritendinous adhesions.  
A Number 1 unmounted Ethibond (Ethicon, Somerville, NJ) 
suture thread is inserted proximally, passing through the two 
proximal incisions (Fig. 2). The Ethibond is retrieved from 
the distal incisions, over the anterior aspect of the Achilles 
tendon. Using a gentle see-saw motion, similar to using a 
Gigli saw (Fig. 3), the Ethibond suture thread is made to 
slide anterior to the tendon, which is stripped and freed from 
the fat of Kager’s triangle.

If necessary, using an 11 blade, longitudinal percutaneous 
tenotomies parallel to the tendon fibres are made [32, 41, 42].

The subcutaneous and subcuticular tissues are closed in a 
routine fashion, and Mepore (Molnlycke Health Care, 
Gothenburg, Sweden) dressings are applied to the skin. 
A removable scotch cast support with Velcro straps can be 
applied if deemed necessary.

Postoperative Care

Post-operatively, patients are allowed to mobilise fully 
weight bearing. After 2 weeks, the cast, if used is removed, 
and physiotherapy is commenced, focusing on propriocep-
tion, plantar-flexion of the ankle, inversion and eversion.

Acute AT Rupture

Despite the AT is the strongest and largest tendon in the 
human body, it is also the most frequently ruptured [2, 19, 34]. 
The highest incidence of acute AT ruptures occurs in men in 
their third and fourth decades of life who participate in sports 
intermittently [12, 25]. Options include non-operative (cast 
immobilization or functional bracing) or operative (open or 
percutaneous) management [10]. Recent evidences suggest 
a beneficial effect of early weight bearing and early mobili-
zation [21, 30, 31]. Systematic reviews showed that open 
surgical management of acute AT ruptures significantly 
reduces the risk of rerupture compared with nonoperative 
treatment. although it is associated with a significantly higher 
risk of wound healing problems [40]. Operative risks may be 
reduced by percutaneous surgery [10, 12, 26].

Aims of management of AT ruptures are to reduce the 
morbidity of the injury, optimize rapid return to full function, 
and prevent complications. A recent study found that the 
Achillon repair had comparable tensile strength to the Kessler 
repair [11].

Fig. 2 A Number 1 unmounted Ethibond (Ethicon, Somerville, NJ) 
suture thread is inserted proximally, passing through the two proximal 
incisions

Fig. 3 Using a gentle see-saw motion, similar to using a Gigli saw, the 
Ethibond suture thread is made to slide posterior to the tendon, which is 
stripped and freed from the fat of Kager’s triangle
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Preliminary biomechanical studies on our suture tech-
nique [5] seem to show that our technique allows a stronger 
repair when compared to the Achillon repair, as it allows use 
of a greater number of suture strands (eight) for the repair of 
the AT. Moreover, in comparison with the Achillon repair, is 
cheaper and faster.

Percutaneous Repair of Acute  
Achilles Tendon Rupture

The patient is positioned prone. Areas 4–6 cm proximal and 
distal to the palpable tendon defect and the skin over the 
defect are infiltrated with 20 ml of 1% Lignocaine. Ten mil-
lilitre of Chirocaine 0.5% are infiltrated deep to the tendon 
defect. A calf tourniquet, skin preparation and steridrapes are 
applied.

A 1 cm transverse incision is made over the defect using a 
size 11 blade. Four longitudinal stab incisions are made lat-
eral and medial to the tendon 6 cm proximal to the palpable 
defect. Two further longitudinal incisions on either side of the 
tendon are made 4–6 cm distal to the palpable defect. Forceps 
are then used to mobilise the tendon from beneath the subcu-
taneous tissues. A 9 cm Mayo needle (BL059N, #B00 round 
point spring eye, B Braun, Aesculap, Tuttlingen, Germany) is 
threaded with two double loops of Number 1 Maxon (Tyco 
Healthcare, Norwalk, CT), and this is passed transversely 
between the proximal stab incisions through the bulk of the 
tendon. The bulk of the tendon is surprisingly superficial. The 
loose ends of the sutures are held with a clip. In turn, each of 
the ends is then passed distally from just proximal to the 
transverse Maxon passage through the bulk of the tendon to 
pass out of the diagonally opposing stab incision. A subse-
quent diagonal pass is then made to the transverse incision 
over the ruptured tendon. To prevent entanglement, both ends 
of the Maxon are held in separate clips. This suture is tested 
for security by pulling with both ends of the Maxon distally. 
Another double loop of Maxon is then passed between the 
distal stabs incisions through the tendon, in a half Kessler 
configuration and in turn through the tendon and out of the 
transverse incision starting distal to the transverse passage. 
The ankle is held in full plantar flexion, and in turn opposing 
ends of the Maxon thread are tied together with a double 
throw knot, and then three further throws before being buried 
using forceps. A clip is used to hold the first throw of the 
lateral side to maintain the tension of the suture.

A subcuticular Biosyn suture 3.0 (Tyco Healthcare) is 
used to close the transverse incision, and Steri-strips (3 M 
Health Care, St Paul, MN) are applied to the stab incisions. 
Finally, a Mepore dressing (Molnlycke Health Care, 
Gothenburg, Sweden) is applied, and a bivalved removable 
scotch cast in full plantar flexion is applied being held in 
place with Velcro straps.

The patient is allowed home on the day of surgery, and 
fully weight bears as able in the cast in full plantar flexion. 
At 2 weeks, the wounds are inspected, and the back shell is 
removed allowing proprioception, plantar flexion, inversion 
and eversion exercises. The front shell remains in place for 
6 weeks to prevent forced dorsiflexion of the ankle.

We recently showed that percutaneous repair of the AT is 
a suitable option for patients older than 65, producing similar 
outcomes when compared to percutaneous repair in younger 
patients of previous reports [27].

Chronic AT Ruptures

Chronic ruptures of AT can be difficult to manage, as the 
tendon ends normally are retracted [4, 20, 22], and the ten-
don ends must be freshened to allow healing. Primary repair 
is not generally possible, because of the increased gap 
between the two tendon ends [20]. Traditional open surgical 
options include flap tissue turn down using one [6, 17] and 
two flaps [3], local tendon transfer [7, 36, 43, 45], and autol-
ogous hamstring tendon harvesting [24]. Main concerns of 
these techniques, include complications, especially wound 
breakdown and infections [38]. They, are probably related to 
the scanty soft tissue vascularity, and may require plastic sur-
gical procedures to cover significant soft tissue defects [16].

We have described a less invasive technique of peroneus 
brevis transfer for reconstruction of chronic tears of the AT [4]. 
When the gap produced is greater than 6 cm despite maximal 
plantar flexion of the ankle and traction on the AT stumps [4], 
less invasive ipsilateral hamstring tendon augmentation can be 
an option [36].

Peroneus Brevis Transfer

The patient is positioned prone. Three skin incisions are 
made, and accurate haemostasis by ligation of the larger 
veins and diathermy of the smaller ones is performed [4]. 
The first incision is a 5 cm longitudinal incision, made 2 cm 
proximal and just medial to the palpable end of the residual 
tendon. The second incision is 3 cm long and is also longitu-
dinal but is 2 cm distal and lateral to the distal end of the 
tendon rupture. Care is taken to prevent damage to the sural 
nerve by making this incision as close as possible to the ante-
rior aspect of the lateral border of the Achilles tendon to 
avoid the nerve. At the level of the Achilles tendon insertion, 
the sural nerve is 18.8 mm lateral to the tendon but, as it 
progresses proximally, the nerve gradually traverses medi-
ally crossing the lateral border of the tendon 9.8 cm proximal 
to the calcaneum [42]. Thus, the second incision avoids the 
sural nerve by being placed on the lateral side of the Achilles 
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tendon but medial to the nerve. The third incision is a 2 cm 
longitudinal incision at the base of the fifth metatarsal.

The distal Achilles tendon stump is mobilised, freeing it 
of all the peritendinous adhesions, particularly on the lateral 
aspect. This allows access to the base of the lateral aspect of 
the distal tendon close to it insertion. The ruptured tendon 
end is then resected back to healthy tendon, and a Number 1 
Vicryl (Ethicon, Edinburgh) locking suture is run along the 
free tendon edge to prevent separation of the bundles.

The proximal tendon is then mobilised from the proximal 
wound, any adhesions are divided, and further soft tissue 
release anterior to the soleus and gastrocnemius allows 
 maximal excursion, minimising the gap between the two ten-
don stumps. A Vicryl locking suture is run along the free 
tendon edge to allow adequate exposure and to prevent sepa-
ration of the bundles.

The tendon of peroneus brevis is harvested. The tendon is 
identified through the incision on the lateral border of the 
foot at its insertion at the base of the fifth metatarsal. The 
tendon is exposed, and a No.1 Vicryl locking suture is applied 
to the tendon end before release from the metatarsal base. 
The tendon of peroneus brevis is identified at the base of the 
distal incision of the Achilles tendon following incision of 
the deep fascia overlying the peroneal muscles compartment. 
The tendon of peroneus brevis is then withdrawn through the 
distal wound. This may take significant force, as there may 
be tendinous strands between the two peroneal tendons dis-
tally. The muscular portion of peroneus brevis is then mobi-
lised proximally to allow increased excursion of its tendon.

A longitudinal tenotomy parallel to the tendon fibres is made 
through both stumps of the tendon. A clip is used to develop the 
plane, from lateral to medial, in the distal stump of the Achilles 
tendon, and the peroneus brevis graft is passed through the 
tenotomy. With the ankle in maximal plantar flexion, a No. 1 
Vicryl suture is used to suture the peroneus brevis to both sides 
of the distal stump. The tendon of peroneus brevis is then 
passed beneath the intact skin bridge into the proximal incision, 
and passed from medial to lateral through a transverse teno-
tomy in the proximal stump, and further secured with No. 1 
Vicryl. Finally, the tendon of peroneus brevis is sutured back 
onto itself on the lateral side of the proximal incision. The 
reconstruction may be further augmented using a Maxon (Tyco 
Health Care, Norwalk, CT) suture.

The wounds are closed with 2.0 Vicryl, 3.0 Biosyn (Tyco 
Health Care, Norwalk, CT) and Steri-strips (3 M Health 
Care, St Paul, MN), taking care to avoid the risk of post oper-
ative haematoma and minimise wound breakdown. A previ-
ously prepared removable scotch cast support with Velcro 
straps is applied.

Postoperatively, patients are allowed to weight bear as 
comfort allows with the use of elbow crutches. It would be 
unusual for a patient to weight bear fully at this stage. After 
2 weeks, the back shell is removed, and physiotherapy is 

commenced with the front shell in situ preventing dorsiflexion 
of the ankle, focusing on proprioception, plantar-flexion of 
the ankle, inversion and eversion. During this period of reha-
bilitation the patient is permitted to weight bear as comfort 
allows with the front shell in situ although full weight bear-
ing rarely occurs on account of balance difficulties and 
patients usually still require the assistance of a single elbow 
crutch as this stage. The front shell may be finally removed 
after 6 weeks. We do not use a heel raise after removal of the 
cast, and patients normally regain a plantigrade ankle over 
a couple of weeks.

Ipsilateral Free Semitendinosus  
Tendon Graft Transfer for Chronic  
Tears of the Achilles Tendon

The patient is positioned prone with a calf tourniquet. Skin 
preparation is performed in the usual fashion, and sterile 
drapes are applied. Pre-operative anatomical markings 
include the palpable tendon defect and both malleoli [25]. 
Two skin incisions are made, and accurate haemostasis by 
ligation of the larger veins and diathermy of the smaller ones 
is performed. The first incision is a 5 cm longitudinal inci-
sion, made 2 cm proximal and just medial to the palpable end 
of the residual tendon. The second incision is 3 cm long and 
is also longitudinal but is 2 cm distal and in the midline over 
the distal end of the tendon rupture. Care is taken to prevent 
damage to the sural nerve [44]. Thus, the second incision 
avoids the sural nerve by being placed medial to the nerve.

The ruptured tendon end is then resected back to healthy 
tendon, and a Number 1 Vicryl (Ethicon, Edinburgh) locking 
suture is run along the free tendon edge to prevent separation 
of the bundles.

The proximal tendon is then mobilised from the proximal 
wound, any adhesions are divided, and further soft tissue 
release anterior to the soleus and gastrocnemius allows 
 maximal excursion, minimising the gap between the two ten-
don stumps. A Vicryl locking suture is run along the free 
tendon edge to allow adequate exposure and to prevent sepa-
ration of the bundles.

After trying to reduce the gap of the ruptured AT, if the 
gap produced is greater than 6 cm despite maximal plantar 
flexion of the ankle and traction on the AT stumps, the ipsi-
lateral semitendinosus tendon is harvested through a vertical, 
2.5–3 cm longitudinal incision over the pes anserinus. The 
semitendinosus tendon is passed through a small incision in 
the substance of the proximal stump of the AT, and it is 
sutured to the AT at the entry and exit point using 3–0 Vicryl 
(Polyglactin 910 braided absorbable suture; Johnson & 
Johnson, Brussels, Belgium). The semitendinosus tendon 
is then passed beneath the intact skin bridge into the distal 
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incision, and passed from medial to lateral through a trans-
verse tenotomy in the distal stump. With the ankle in maxi-
mal plantar flexion, the semitendinosus tendon is sutured to 
the AT at each entry and exit point using 3–0 Vicryl 
(Polyglactin 910 braided absorbable suture; Johnson & 
Johnson, Brussels, Belgium). The repair is tensioned to max-
imal equines.

One extremity of the semitendinosus tendon is then passed 
again beneath the intact skin bridge into the proximal inci-
sion, and passed from medial to lateral through a transverse 
tenotomy in the proximal stump. The other extremity of the 
semitendinosus tendon is then passed again from medial 
to lateral through a transverse tenotomy in the distal stump. 
The reconstruction may be further augmented using a 
Maxon (Tyco Health Care, Norwalk, CT) suture. The wounds 
are closed with 2.0 Vicryl, 3,0 Biosyn (Tyco Health Care, 
Norwalk, CT) and Steri-strips (3 M Health Care, St Paul, 
MN). A previously prepared removable scotch cast support 
with Velcro straps is applied.

Post-operatively, patients are allowed to weight bear as 
comfort allows with the use of elbow crutches [30, 31].  
It would be unusual for a patient to weight bear fully at this 
stage. After 2 weeks, the back shell is removed, and physio-
therapy is commenced with the front shell in situ preventing 
dorsiflexion of the ankle, focusing on proprioception, plantar-
flexion of the ankle, inversion and eversion [30, 31]. During 
this period of rehabilitation, the patient is permitted to weight 
bear as comfort allows with the front shell in situ although 
full weight bearing rarely occurs on account of balance dif-
ficulties and patients usually still require the assistance of a 
single elbow crutch as this stage. The front shell may be 
finally removed after 6 weeks. We do not use a heel raise 
after removal of the cast, and patients normally regain a plan-
tigrade ankle over 2 or 3 weeks [30, 31].

Conclusions

In our hands, minimally invasive surgery for the manage-
ment of AT pathologies provided results similar to those 
obtained with open surgery, with the advantages of providing 
decreased perioperative morbidity, decreased duration of 
hospital stay, and reduced costs.

The evidence for using these techniques is inadequate at 
present. Given the limitations of the case series on the topic, 
especially the extensive clinical heterogeneity, it is not possible 
to determine clear recommendations regarding the systematic 
use of minimally invasive surgery for AT pathologies, even 
though preliminary results are encouraging. Clearly, studies of 
higher levels of evidence, including large randomised trials, 
should be conducted to help answer these questions. Future 
trials should use validated functional and clinical outcomes, 
adequate methodology, and be sufficiently powered.
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Historical Perspective

The Achilles is the strongest tendon which takes its name from 
Achilles, from Homer’s Iliad [39]. Achilles, the ancient Greek 
hero of the Trojan War, gives his name to the Achilles tendon (AT). 
Achilles was the son of the nymph, Thetis, who tried to make him 
immortal by dipping him in the river Styx. However, he was left 
vulnerable at the part of the body she held him by – his heel. 
Achilles was killed by a poisoned arrow fired by the Trojan 
prince Paris which embedded in his only vulnerable point, his 
heel. This has given rise to the description of a person’s weakest 
point being called their “Achilles heel.”

Hippocrates said “this tendon, if bruised or cut, causes the 
most acute fevers, induces shocking, deranges the mind and 
at length brings death” [8]. Since Ambroise Paré initially 
described in 1575 and reported in the literature in 1633, 
Achilles tendon breakage has received a lot of attention [9].

Anatomy

The Achilles tendon begins near the middle of the calf and is 
the conjoint tendon of the gastrocnemius and soleus muscles. 
The relative contribution of the two muscles to the tendon 
varies. Spiralization of the fibers of the tendon produces an 
area of concentrated stress and confers a mechanical advan-
tage. The calcaneal insertion is specialized and designed to 
aid the dissipation of stress from the tendon to the calca-
neum. The insertion is crescent shaped and has significant 
medial and lateral projections.

The blood supply of the tendon is from the musculotendi-
nous junction, vessels in surrounding connective tissue, and 
the osteotendinous junction [12]. The vascular territories can 
be classified simply into three, with the midsection supplied 
by the peroneal artery, and the proximal and distal sections 
supplied by the posterior tibial artery. This leaves a relatively 
hypovascular area in the mid-portion of the tendon where 
most problems occur.

The Achilles tendon derives its innervation from the sural 
nerve with a smaller supply from the tibial nerve. Tenocytes 
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produce type I collagen and form 90% of the normal tendon. 
Evidence suggests ruptured or pathological tendon produce 
more type III collagen, which may affect the tensile strength 
of the tendon. Direct measurements of forces reveal loading 
in the Achilles tendon as high as 9 KN during running, which 
is up to 12.5 times body weight.

Introduction

Achilles tendon ruptures are the third most common major 
tendon ruptures after rotator cuff and quadriceps ruptures 
[21, 52]. Nevertheless, there is no consensus on the treatment 
method, and it is still determined by the surgeon and the 
patient. Cast immobilization, a conservative treatment, may 
lead to elongation of the tendon with reduced strength of the 
calf muscles and in a high rate of re-ruptures, with an inci-
dence up to 37% [15, 23, 24, 31, 33, 47, 53, 54].

Similarly, open surgical repair of the Achilles tendon also 
includes potential problems like joint stiffness, muscle atrophy, 
tendocutaneous adhesions, deep venous thrombosis due to pro-
longed immobilization after surgical repair, and infection, scar-
ification, algodystrophy, and particularly the breakdown of the 
wound [4, 18, 35, 43, 46, 53]. Ma and Griffith introduced the 
percutaneous repair technique to avoid all of these complica-
tions. However, the technique involves difficulties in achieving 
satisfactory contact of the tendon stumps and adequate initial 
fixation [38]. Also sural nerve entrapment seems to be a poten-
tial complication of this technique [29, 45].

Nevertheless percutaneous repair has become popular tech-
nique for the orthopedic surgeons [11, 16, 30, 32, 51]. The 
minimally invasive percutaneous repair techniques combine 
the advantages of the operative and conservative methods, but 
they do not provide direct observation. Therefore, the aim of 
the current concept is to evaluate the results of the percutane-
ous repair with endoscopic control and to discuss the 
pathophysiologic effects of this type of treatment. Also authors 
share their experiences about this issue in this chapter.

Indications

Patients were selected for percutaneous repair as if the fol-
lowing criteria were fulfilled:

1. Closed traumatic Achilles tendon rupture
2. First time of surgery
3. Complete rupture in the tendinous portion within the last 

7–10 days

Contraindications

Patients have to be treated with other modalities rather than a 
percutaneous procedure if the following criteria were fulfilled:

1. Having skin lesions
2. Previous Achilles tendon surgery
3. Previous ankle joint surgery
4. Distal tendon end smaller than 2 cm

The optimal treatment period is 7–10 days after acute total 
rupture. According to the authors’ experience, systemic dis-
eases like diabetes mellitus is not an absolute contraindica-
tion for percutaneous repair. Also this technique is useful for 
bilateral injuries.

Procedure

The diagnosis was based on the following clinical criteria:

1. Palpable gap in the tendon
2. Positive Thompson test
3. Clinical signs of the rupture (patients unable to rise on 

their toes or heels)
4. More dorsiflexion on the ruptured side than in the healthy 

side

In any equivocal case, ultrasonography or magnetic reso-
nance imaging has to be performed to confirm the diagnosis.

The Technique of Endoscopy-Assisted 
Percutaneous Repair

The operation is performed with the patient in the prone 
position and with the injured foot in approximately 15° 
plantar flexion in order to achieve a comfortable portal for 
the scope, under infiltrative anesthesia without a tourni-
quet. Full communication with the patient is ensured to 
instruct the active motion of the ankle. No antibiotic or 
antithrombotic prophylaxis is given. Before starting the 
procedure, the rupture and location of the diastases (gap) 
are determined. Then, to minimize local bleeding, proxi-
mal (about 5 cm) and distal (about 4 cm) to the palpated 
gap, the cutis, subcutis, and peritendon are infiltrated with 
saline solutions through eight puncture holes, four midme-
dial and four midlateral, two in the proximal and two distal 
from the line of the rupture from the proximal to the distal 
with a 3–4 cm interval between the portals, which are later 
enlarged and used for needle entry (Fig. 1). Special atten-
tion is paid to the lateral side, particularly proximally, 
where the sural nerve lies in the vicinity and crosses the 
Achilles tendon.

Under infiltrative anesthesia (Citanest 5 cc + Marcain 
5 cc), the patient is prompted to report any changes or sore-
ness felt in the sural nerve area during the puncture or infil-
tration. When this is experienced, the puncture site is shifted 
approximately 0.5–1 cm toward the middle (internally). 
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After the level of the rupture is determined by endoscope, the 
continuum of the surrounding synovial tissue, its thickness, 
and vascularization are endoscopically evaluated. By these 
evaluation characteristics of tendons surrounding synovial 
tissues, paratenon and tendons are noted. Acquired data are 
used for classifying the cases:

Grade I as minimal disruption at surrounding synovial tis-
sues of tendon, linear tear at paratenon, and minimal degen-
eration at the ends of Achilles tendon (Fig. 2a);

Grade II as marked corruption of paratenon continuity, 
degenerative rupture of paratenon, marked degeneration at 
the ruptured ends of Achilles tendon, and tendinosis signs 
(Fig. 2b);

Grade III as defective rupture at the paratenon, marked 
tendinosis at the tendon, and advanced tendinosis signs at the 
ruptured ends (Fig. 2c).

Biopsy has to be performed routinely in patients from 
the ruptured area. Then, the plantar tendon are observed, 
two medial and two midline lateral incisions of 1 cm each 
are inflicted on the proximal and the distal of the rupture 
level followed by suturing starting from the proximal 
through modified Bunnell technique using PDS No. 5 
(Ethicon Inc, Johnson & Johnson, Somerville, NJ). The 
sutures are tied in a manner to end in the proximal lateral 
end at the ankle 90° of neutral position (Fig. 3). This proce-
dure has to be repeated once or twice. Attention should be 
paid to check the 90° position on the ruptured side after 
prompting the patients to set the foot to neutral 90° through-
out suture fastening. After fastening the sutures, the patient 
is instructed to activate the ankle motions while the knee is 
in 90° position.

The final checkup is performed and if needed, the second 
knot is performed. After dorsiflexion performed willfully by 
the patient and plantar flexion, strikingly, the “gap” vanishes. 
Thus, the intratendinous bracing performed is evaluated for 
functionality. Finally, the skin incisions were closed and then 
a walking brace with the ankle in neutral position was applied 
for 3 weeks.

Fig. 1 Schematic drawing of entry points

a

c

b

Fig. 2 Endoscopically evaluation of Achilles paratenon (a) intact paratenon 
with a minimal degeneration. (b) Corruption of paratenon continuity, degen-
erative rupture of paratenon. (c) Defective rupture at the paratenon

Fig. 3 The sutures were tied in a manner to end in the proximal lateral 
end at the ankle at neutral position
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Rehabilitation

A standard rehabilitation program for percutaneous repair of 
Achilles tendon is developed based on literature in Hacettepe 
University, Departments of Orthopedics, Sports Medicine and 
section of Rehabilitation. At first day after surgery, early toler-
ated weight-bearing alternating with passive range of motion 
exercises are initiated. Physiotherapy approach includes elec-
trical stimulation technique for reeducation of gastrocnemius 
and soleus muscles; ice and therapeutic ultrasound application 
around of Achilles tendon to relieve the edema: transverse 
friction massage to promote scar and tendon reformation. 
Patients are instructed to move the ankle four times a day 
between 20° of plantar flexion and 10° of extension. Patients 
complete neuromuscular exercises as flexion and extension of 
the toes in a supine position; plantar flexion of the ankle and 
dorsiflexion to neutral in a supine position; extension of the 
knee in a sitting position; flexion of the knee in a prone posi-
tion; extension of the hip in a prone position within first 
3 weeks. From sixth week to third month, rehabilitation pro-
gram is included in advanced exercises as ankle extension 
against Thera-band®; rotation of the ankles; standing on the 
toes and heels; ankle stretching exercises to flexion with the 
help of a rubber strip; stretching of the calf muscle by standing 
with the leg to be stretched straight behind and the other leg 
bent in front and leaning the body forward, with support from 
a wall or physiotherapist; stretching exercises for the toes and 
ankle against the hand in a sitting position; balance and prop-
rioception exercises using different surface from bilateral to 
unilateral; controlled squats, lunges, bilateral calf raise (prog-
ress to unilateral), toe raises, controlled slow eccentrics versus 
body weight. After 3 months, patients start training jogging/
running, jumping and eccentric loading exercises, noncom-
petitive sporting activities, sports-simulated exercises and 
return to physically demanding sport and/or work.

Evaluation

At the follow-up, we recommend measuring the calf diame-
ter of injured and uninjured side, examining the ankle range 
of motion with goniometry, and performing a detailed neu-
rological examination focused on sural nerve. As suggested 
by Kitaoka et al., we are assessing other factors more spe-
cific to repair of an Achilles tendon rupture, namely, the 
strength of ankle plantar flexion with the patient standing on 
tiptoe, the ability to perform repeated toe raises and single-
limb hopping, and the neurological status of the foot [28]. 
For single-limb hopping, patients are asked to hop as many 
times as possible until they could not lift the heel off the 
floor. We note the integrity of the paratenon of Achilles ten-
don and subgroup.

Authors Experience

Sixty-two patients (58 males, 4 females, mean age 32) were 
treated by percutaneous suturing with modified Bunnel tech-
nique under endoscopic control within 10 days after acute 
total rupture. Physiotherapy was initiated immediately after 
the operation and patients were encouraged to weight-bear-
ing ambulation with a walking brace-moon boot as tolerated. 
Full weight-bearing was allowed minimum after 3 weeks 
postoperatively without brace. The procedure was tolerated 
in all patients. There were no significant ROM limitation 
observed. Two patients experienced transient hypoesthesia 
in the region of sural nerve that spontaneously resolved in 
6 months. Fifty-nine patients (95%) including professional 
athletes returned to their previous sportive activities, while 
18 of them (29%) had some minor complaints. The interval 
from injury to return to regular work and rehabilitation train-
ing was 11.7 weeks (10–13 weeks). At the latest follow-up 
(mean: 46 months; range: 12–78 months), all the patients 
had satisfactory results with a mean American Orthopedic 
Foot and Ankle Society’s ankle-hindfoot score of 94.6. No 
reruptures, deep venous thrombosis, or wound problems 
occurred [13].

For the last 1 year we inject platelet-rich plasma to stimu-
late the biologic repair process at the end of suturing process. 
We believe the benefit of biological stimulation after mechan-
ical repair. But we do not have enough evidence that support 
our belief yet. So it is an issue that should be further investi-
gated and need to be evaluated with long-term results.

Discussion

Rupture of the Achilles tendon is a common injury encoun-
tered by the orthopedic surgeon. It is prevalent in the athletic 
population and much more common in the aging athlete [2].

In patients who have no history of steroid treatment or 
systemic disease, the etiology of spontaneous rupture of the 
Achilles tendon is uncertain. Some of the investigations have 
supported the theory of chronic degenerative changes based 
on histological examination of material obtained from rup-
tured area during the operation [3, 27]. On the other hand, 
Inglis and Sculo have performed histological examination 
of acute Achilles tendon rupture and have found evidence of 
acute pathological changes like hemorrhage and inflammation 
rather than chronic tendonitis [20]. Hypoxia due to a vascular 
lesion, aging, and repeated microtraumas from overuse are the 
factors most commonly considered [26, 27, 33, 53]. We found 
hypovascular areas around the ruptured tendon side by elec-
tron microscopy in Grade III patients (Fig. 4). Also Zantop 
at al. showed this subject via immunohistochemical methods 
and concluded that diminished vascularization in the middle 
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part of the Achilles tendon may play a role in the reduced 
healing of microruptures, leading to degeneration and sponta-
neous rupture of the Achilles tendon [56].

Because of increasing incidence of the Achilles tendon 
rupture during the last decade it has been the subject of focus 
in many studies and meta-analyses and there is no consen-
sus about the optimal management strategy of acute total 
Achilles tendon rupture [10, 34, 37, 41, 46]. Conservative 
treatment has worse functional results and higher re-rupture 
rates [40, 53, 55]. However Nistor found only minor differ-
ences between the results of surgical and nonsurgical treat-
ment [44]. Numerous open surgical procedures have been 
proposed for repairing ruptures of the Achilles tendon, but 
there is no single, uniformly superior technique. Delayed 
wound healing necrosis, suppuration, and adhesions are 
potential complication of open procedures which are not rare 
[6, 7, 19, 29, 36, 38, 40]. Augmented open procedures have 
to be performed for neglected or defective Achilles tendon 
ruptures [1, 5, 17, 48, 49]. Percutaneous repair can avoid the 
risks of open procedures but results in a higher number of 
re-ruptures and thus considered a weaker repair compared to 
open suturing. Therefore, it is not recommended for patients 
with high demands [6, 21, 22, 23, 29, 39]. On the other hand, 
in endoscopy-assisted percutaneous repair, suturing of the 
tendon is observed, which not only eliminates some of the 
disadvantages of the percutaneous repair particularly difficul-
ties about evaluating the contact status of the torn ends but is 
also a safer method than open surgery with minimally inva-
sive approach [21, 23, 50]. Nonetheless, endoscopy-assisted 
percutaneous repair let early active ankle mobilization and 
weight-bearing after a short period of cast immobilization 
and by the way prevent complications due to the prolonged 
immobilization such as arthrofibrosis, joint stiffness, calf atro-
phy, damage of the articular cartilage and deep vein thrombo-
sis [25, 43]. Considering these advantages, it can be said that 

 endoscopy-assisted percutaneous repair of Achilles tendon 
seems to prevent certain problems of open, conservative, or 
percutaneous techniques. On the other hand, this technique 
could not help to prevent risk of damage to neural structures 
by facilitating the visual observation of the sural nerve [50]. 
We used midlateral portals in order to keep expanse with sural 
nerve. In endoscopic repair, the synovia of the tendon is pro-
tected, providing a biomechanically strong biological healing 
through intratendinous reinforcement. Nevertheless, Momose 
et al. showed that preservation of paratenon decreases the 
gliding resistance of the extrasynovial tendons after repeti-
tive motion in vitro [42]. As in the example of synovial cover-
ing in the healing process of the posterior cruciate ligament, 
a mechanically strong Achilles tendon is achieved. Achilles 
tendoscopy made possible a more definitive repair.

Hematoma protection, exact incision points, and con-
trolled adaptation created better circumstances for the tendon 
healing without damaging paratenon of Achilles tendon [21]. 
Doral et al. emphasized the importance of endoscopic repair 
with protecting paratenon on biological healing of the 
Achilles tendon ruptures [14] and also the importance of bio-
logic stimulation of healing process and advise the use of 
platelet-rich plasma after the repair processes. However, in 
ruptures associated with Achilles tendinosis, the synovia is 
weak. Therefore, our mechanical sutures maybe more effec-
tive in healing than biological healing.

In the light of all these, it should be kept in mind that the 
ruptures of the Achilles tendon may be secondary to Achilles 
tendon disease. Such patients should also be evaluated for 
possible systemic diseases in the contralateral Achilles tendon 
and other tendons. This will ensure optimal treatment approach 
as well as contribute to decision making on the postoperative 
physiotherapy and time to return to sports activities.

The percutaneous technique seems to contribute to tendon 
lengthening. This may have been due to a lack of close 
approximation of the tendon ends. Nevertheless, the direct 
visualization of the tendon ends through the middle incision 
should reduce or eliminate this phenomenon. The main dis-
advantage of this procedure is requirement of experience on 
soft tissue endoscopy.

In conclusion, percutaneous repair of Achilles tendon 
with endoscopic control surpasses the disadvantages of open 
and only percutaneous repair and provides excellent results 
with earlier return to preinjury activities.
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Osteoporosis and Sports

O. Sahap Atik 

Osteoporosis is a major health problem characterized by 
compromised bone strength predisposing patients to an 
increased risk of fracture. It has a complex etiopathogenesis, 
and may cause morbidity and mortality in elderly men and 
women [5].

Osteoporosis most commonly affects postmenopausal 
women. The strategies for preventing osteoporotic fractures 
are maximizing peak bone mass, counteracting age- and 
menopause-related bone loss [11].

The number of the people with osteoporosis increases as 
the population ages. Increasing number of patients with 
osteoporotic fractures may have a serious economic impact 
on society and on the quality of life of the patient [3]. 
Awareness among clinicians and health care professionals on 
osteoporosis should be increased to overcome the burden of 
the disease [2, 3].

Although most of the osteoporotic fractures are treated by 
orthopedic surgeons, many patients with these problems are 
not diagnosed appropriately and treated for underlying osteo-
porosis. Early diagnosis of the disease is essential to prevent 
osteoporotic fractures and related mortality and morbidity. 
Indirect costs and sociologic and psychological impact of 
fractures should be evaluated together with the direct costs of 
the disease [3].

Physical Activity and Osteoporosis

Physical activity is one of the major non-pharmacological 
methods for increasing and maintaining bone mineral den-
sity (BMD) and geometry [6]. However, not all exercises are 
effective, so a prescription in terms of optimal type, intensity, 
frequency, and duration is required. Sport activity and exer-
cise across the life span of the average female should be 
encouraged in the maintenance of bone health. Athletes have 
a greater bone mineral density compared with non-active and 
physically active females.

Participation in high school athletics is associated with 
greater BMD. Impact loading sports such as gymnastics, 
rugby, or volleyball tend to produce a better overall osteogenic 
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response than sports without impact loading such as cycling, 
rowing, and swimming [14]. Moderate impact exercise con-
tributes to skeletal integrity even in older age [12]. Tai Chi 
Chuan is a low- to moderate-intensity exercise particularly 
suitable for the elderly, and has been practiced by Chinese for 
centuries.

Runners and swimmers and divers demonstrated some 
deficits in site-specific BMD values when compared with 
athletes in other sports [13]. An elite Kenyan runner pre-
sented with a tibial fracture sustained during an international 
cross-country race [16]. There was no clear history of symp-
toms suggestive of preceding overload and no radiological 
features of stress fracture. He was found to have sustained an 
osteoporotic, insufficiency fracture. Competitive running 
prior to the perimenopausal period seems to be associated 
with improved hip BMD [9]. However, continued competi-
tive running during the perimenopausal period is not associ-
ated with prevention of a perimenopausal hip BMD decline. 
In contrast, competitive running had little effect on peri-
menopausal lumbar spine BMD. When treating a female ath-
lete, athletic trainers should consider her mass and sport type 
with regard to her bone health.

The positive impact of sports participation on bone mass 
can be tempered by nutritional and hormonal status [5]. Zinc 
deficiency may lead to the increase of endogenous heparin 
probably causing degranulation of mast cells and release of 
endogenous heparin, and an increase in the bone-resorbing 
effect of prostaglandin E2 [1, 4]. Endogenous heparin and 
prostaglandin E2 are probably cofactors of parathyroid hor-
mone and may have a role in the pathogenesis of senile 
osteoporosis enhancing the action of parathyroid hormone. 
Therefore, zinc replacement by dietary zinc supplementation 
might be valuable to prevent osteoporosis.

Female Athlete Triad

Due to the increased energy expenditure of exercise and/or 
the pressure to obtain an optimal training bodyweight, 
some female athletes may develop low energy availability 
or an eating disorder and subsequently amenorrhoea and a 
loss of bone mineral density. The three interrelated clinical 
disorders are referred to as the female athlete triad (FAT). 
A substantial number of high school athletes (78%) and a 
surprising number of sedentary students (65%) have one or 
more components of the triad [10]. A significant propor-
tion of female athletes suffer from the components of the 
FAT. In addition, the FAT is also present in normal active 
females [20]. Therefore, prevention of one or more of the 
FAT components should be geared toward all physically 
active girls and young women.

In a study among elite Malaysian athletes, the prevalence 
of the FAT was low (1.9%), but the prevalence for individual 
triad component was high, especially in the leanness group [17]. 
The prevalence of subjects who were at risk of menstrual irreg-
ularity, poor bone quality, and eating disorders were 
47.6%, 13.3%, and 89.2%, respectively, in the leanness 
group; and 14.3%, 8.3%, and 89.2%, respectively, in the 
non-leanness group.

In another study, the prevalence of amenorrhea/oligome-
norrhea in elite Iranian female athletes was investigated [8]. 
It is found that 71 (9.0%) individuals had amenorrhea/oli-
gomenorrhea, among those, 11 (15.5%) had polycystic ovary 
syndrome.

Brazilian investigators studied the prevalence of FAT in 
adolescent elite women swimmers [18]. The prevalence of 
FAT was low. However, a significant number of athletes pre-
sented a partial status of FAT, especially of disordered eating. 
They concluded that this study suggests the need to monitor 
the causes of these disorders to create preventive actions that 
will reverse or avoid the development of the syndrome, thus 
preserving the athletes’ health.

Management

For the management of disordered eating (DE) in athletes, an 
interdisciplinary approach representing medicine, nutrition, 
mental health, athletic training, and athletics administration 
is necessary. It is also important to establish educational ini-
tiatives for preventing DE [7].

Also physical therapists must have an important role for 
recognizing, treating, and preventing the female athlete 
triad [15].

There is still a greater need for knowledge regarding the 
triad to be incorporated into physical therapy curriculums, 
continuing education programs, and professional practice.

Conclusion

In conclusion, high-impact and resistive exercise in child-
hood appears to be an important determinant of future 
peak bone mass and bone strength. However, exercise 
throughout adolescence and adulthood is necessary for 
the preservation or the bone mass and bone strength. 
Exercise later in life should focus on balance training and 
muscle strengthening to reduce fall risk [19]. Following 
the occurrence of osteoporotic vertebral or hip fractures, 
early mobilization and a multidisciplinary rehabilitation 
program is important for having the prefracture level of 
activity.
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Sports After Total Knee Prosthesis

Nurettin Heybeli and Cem Çopuro lu 

Abbreviations

BW body weight
IS impact score
TKR total knee replacement

Introduction

Joint replacement, also known as arthroplasty, is a surgical 
procedure which changes the original joint surfaces with an 
artificial one, including a combination of metal, polyethyl-
ene, and/or ceramic implants. It is an effective and reliable 
treatment of end-stage arthritis of the joint [8]. Arthritic 
joints are associated with pain, stiffness, reduced function, 
and limitation of activity [9]. The usual indication for arthro-
plasty is to relieve pain and to improve function of the dis-
abled arthritic joint. Correction of the deformities, increasing 
social mobility, preserving an independent lifestyle and con-
tributing to psychological well-being are profits of joint 
replacements providing substantial improvements in quality 
of life as well as being cost-effective medical treatments 
[10]. Obvious improvement in ambulation is beneficial for 
patients’ mental and physical health [8].

Advances in surgical techniques and surgical implant 
materials made an increase in patient expectations and now 
there is a demand for joint replacement surgery to allow a 
patient to return to higher function activities, such as sports. 
The ability to return to sports activities is important for 
patients especially participating in some sports activities 
before surgery. Current expectations of the patients are: a 
successful operation with a short recovery period, little or no 
discomfort after the operation, pain-free movement of the 
joints, improved function, long-term durability of the implan-
tation, without complications and limitations of activity. 
If such expectations are not met, there may be dissatisfaction 
even after a technically successful surgery [3].

Total knee replacement (TKR) is a reliable and effective 
treatment modality of arthritic knees [8]. It is predicted that 
TKR applications will grow by 673%, respectively, between 
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2005 and 2030 [17], because of changing demographics and 
wider indications [5]. Joint replacement surgery allows 
patients with arthritic joints to increase their physical activ-
ity, and regular exercise reduces anxiety, depression, and 
mortality. Thus, joint replacements are associated with 
improved function, improved quality of life, and longer life 
[10]. With the increase in joint replacement surgeries and 
expectation profile of the patients, it is important to deter-
mine whether these surgeries meet the expectations and 
allow the patients return to sports activities.

Knee Prosthesis and Expectations

The factors influencing the expectations from the knee 
replacement surgery are mostly the habitual status before 
surgery [33]. Patients’ personality characteristics, social 
class, interactions with health professionals, and information 
obtained through individual research are the other factors 
effective in framing patient expectations [25]. Patients par-
ticipating in sporting activities preoperatively expect to par-
ticipate in a higher rate postoperatively. Wylde et al. reported 
that 85% of TKR patients who returned to sports activities 
took part in sports in the year before operation [38]. Trying 
to achieve a level of skill and activity that was not achieved 
preoperatively subjects the patient to risk of injury [8].

Patient expectations related to recovery from surgery 
shows significant associations with patient characteristics 
such as age, gender, comorbidity, and preoperative level of 
physical and mental health [33]. Kennedy et al. [15] evalu-
ated functional measures and a self-report measure of func-
tion in 1,805 total hip (761) and knee (1,044) arthroplasty 
candidates (1,063 women, 742 men), preoperatively. Women 
represented 59% of the study subjects and showed greater 
disability than men in the physical performance and self-
report measures [15]. With increasing life expectancy and 
elective surgery improving quality of life, age alone is not a 
factor that affects the outcome of joint arthroplasty [14]. 
Higher rates of sports participation in some cultures may also 
affect the return capacity to sports activities [4]. This may be 
explained by the fact that these patients are less disabled pre-
operatively. Young and active patients are more prone to turn 
back to sports activities when compared with old and inactive 
patients, because they are used to sporting facilities [31].

Return to Sports

Current recommendation for old people is to participate in 
low impact and low duration activities to optimize implant 
longevity; however, little data exist on the participation in 

sports activities of middle-aged patients with TKR [8]. 
Higher rates of sports participation in some cultures may 
affect the preoperative disability and may be determinative 
in the ability to return to sports earlier [23]. The extension of 
the disability is another important factor influencing the 
postoperative success of the replacement. If the symptoms 
have been present for a long time before joint replacement, 
some patients may have had to give up sports for a long time 
and return to sports is a handicap for them. The involvement 
of the number of joints is also a determinant for the ability to 
return to sports. If only a single joint is involved and it is 
operated, then the success rate will be higher according to 
the multi-articular involvement [22]. In a study by Huch 
et al. [12], pain elsewhere in the body, and pain at the site of 
the replaced joint were mentioned as reasons for avoiding 
athletic activity following joint replacement. Additional 
symptoms such as back pain, feet problems, low body mass 
index are also determinants of the ability to return to sports 
activities [22].

Patients and surgeons must be realistic about the proba-
bility to return to sports before operation in order to obviate 
unrealistic expectations. Patient expectations can be modi-
fied with preoperative education [10]. The ability to return to 
sports participation after TKR is dependent on preoperative 
athletic activity, preoperative rehabilitation, surgical recon-
struction, implant fixation, implant failure, wear of the bear-
ing surfaces, and trauma [9].

Prosthesis Wear

Activity can cause particles to form on the joint surface. These 
particles in prosthetic joints are associated with the develop-
ment of particulate-induced osteolysis [1]. Younger patients 
tend to be more active, subjecting their prosthetic joint to 
higher loads more often and thus shortening the life of the 
implant [1]. Patients who participate in sports activities after 
joint replacement procedures have increased; force crossing 
the replaced joint causing wear in the bearing surfaces, 
increased stress at the bone-implant fixation surface, and 
higher incidence of traumatic injury in the operated joint when 
compared with low level activity patients [10]. The knee 
replacement is not an anatomic reproduction of the human 
knee, so that there is a decrease in proprioception compared 
with an age-matched non-arthritic knee [16]. Duration of the 
implantation is also important in the determination of the 
implant wear, as well as the activity level. All modes of failure 
increase with increased activity seen in younger patients. The 
patient involved in sports increases the level of wear subject-
ing the knee replacement to early failure [8]. However, it is not 
clearly described how much activity level is allowed or rec-
ommended for the survival of the joint replacement.
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Muscles crossing the knee joint act by many vectors with 
different directions and magnitudes. The dynamic effect of 
these combined forces is the resultant load acting on the 
knee of a moving person, which is several times higher than 
the body weight. Kuster et al. [18] evaluated the contact 
stress distribution and contact area of different knee joint 
designs for loads occurring during recreational activities. In 
knee prosthesis, the stresses are concentrated on smaller 
areas than in normal knees. Bicycling produces a peak load 
of 1.2× body weight (BW) that occur on the surfaces of a 
total knee prosthesis, while power walking produces 4× BW, 
hiking produces 8×BW and jogging produces 9× BW. The 
load of the joint surfaces of the total knee joint depends also 
on the position of the knee joint. Walking uphill produces 
tibiofemoral compressive forces of 4–5× BW, while down-
hill walking tibiofemoral loads as high as 8×BW at 40° knee 
flexion [20]. The contact area is greater during power walk-
ing, downhill walking, or jogging for the mobile bearing 
design compared with the flat or curved designs. According 
to this study, cycling and power walking are the least 
demanding endurance activities for the knee joint. Because 
these activities load the knee joint at different flexion angles, 
different parts of the tibial inlay is stressed and ensure a 
more even wear pattern. The conclusion was as follows: jog-
ging or sports involving running should be discouraged after 
TKR [20].

The failure of knee prosthesis is primarily related to poly-
ethylene wear with increased activity. Increased stresses at 
the bone implant interface are the reasons for early implant 
loosening [8]. Excessive and sudden loads during sports par-
ticipation may induce periprosthetic fracture, knee disloca-
tion, and polyethylene dissociation from modular components 
[19]. Trauma caused by athletic participation is the primary 

concern among orthopedic surgeons [8]. Susceptibility to 
mechanical failure caused by excessive loads and fatigue 
makes most surgeons recommend low demand and low dura-
tion activity sports.

Recommendations

According to the members of the Knee Society in 2005, 
stationary cycling, bowling, golf, ballroom dancing, canoe-
ing, road cycling, normal walking, swimming, square danc-
ing, shuffleboard, hiking, and speed walking are allowed 
sports. Some sports were allowed with experience. These 
were; horseback riding, rowing, downhill skiing, doubles 
tennis, cross-country skiing, stationary skiing, and ice-skating. 
There are some other sports with no consensus between 
observers. These are fencing, roller skating, weight lifting, 
baseball, gymnastics, handball, hockey, rock climbing, 
squash/rocketball, singles tennis, and weight machine. 
Some other sports like football, basketball, jogging, volley-
ball, and soccer are not recommended [10] (Table 1). 
According to a survey performed at the Mayo Clinic [27], 
golf, swimming, cycling, sailing, bowling, scuba diving, 
and cross country skiing are recommended sports after 
TKR. Handball, racquetball, hockey, waterskiing, karate, 
soccer, baseball, running, basketball, and football are high 
level sports and are discouraged. Mont et al. stated that 
patients playing tennis were satisfied with their knee 
replacements. The players noted increased court mobility 
and a loss of court speed following the total knee arthro-
plasty [30]. However, many orthopedic surgeons discour-
age their patients with a joint replacement from playing 

Table 1 Grouping of sports according to their difficulty

Allowed Allowed with experience No consensus Not recommended

Bowling (IS 1) Rowing (IS 1) Fencing (IS 1) Basketball (IS 3)

Stationary cycling (IS 1) Ice skating (IS 2) Roller skating (IS 2) Football (IS 3)

Ballroom dancing (IS 1) Cross-country skiing (IS 2) Weight lifting (IS 2) Volleyball (IS 3)

Golf (IS 1) Stationary skiing (IS 2) Baseball (IS 3) Jogging (IS 3)

Shuffleboard (IS 1) Doubles tennis (IS 1) Gymnastics (IS 3) Soccer (IS 3)

Swimming (IS 1) Horseback riding (IS 1) Handball (IS 3)

Normal walking (IS 1) Down-hill skiing (IS 2) Hockey (IS 3)

Canoeing (IS 1) Rock climbing (IS 3)

Road cycling (IS 1) Squash/rocketball (IS 3)

Square dancing (IS 1) Singles tennis (IS 2)

Hiking (IS 1) Weight machine (IS 2)

Speed walking (IS 1)

According to Healy and Sharma [10] sports were separated into four groups: allowed, allowed with experience, no consensus, and not recom-
mended after knee prosthesis. According to Marker and Mont [26], impact scores which correlated with the difficulty of the sports were marked. 
Allowed sports according to Healy were regarded as IS 1 according to Marker and Mont, not recommended sports were regarded as IS 3, and sports 
allowed with experience and no consensus gained a mixture of impact scores
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tennis in order to avoid high-impact loading and twisting at 
the hip and knee joints, which might be associated with 
wear of the bearing surfaces, implant loosening or trauma 
[35]. Mallon and Callaghan [24], reported about 83 active 
golfers who had TKR surgery. Eighty-seven percent used a 
golf cart, 60% experienced a mild ache in the operated knee 
while playing golf, and 36% experienced a mild ache in the 
operated knee after playing golf [24]. Jackson et al. [13] 
made a survey between 151 golfers who had undergone pri-
mary TKR and concluded that total knee arthroplasty reli-
ably relieved pain that had been previously experienced 
while golfing, and increased or maintained this group’s 
enjoyment of playing golf.

Unicompartmental Knee Arthroplasty: 
Different Than Total Knee?

Unicompartmental knee arthroplasty is a surgical treatment 
procedure for painful unicompartmental knee arthritic 
patients. It is a less invasive surgical procedure and one of its 
theoretical advantages is quick return to athletic activity [9]. 
Rehabilitation is much quicker and proprioception is better 
with unicondylar knee replacement [8]. This allows the 
patient to participate at a higher skill level as opposed to hav-
ing a TKR [8]. Naal et al. [32] observed 83 patients for 
18 months postoperatively, with a fixed bearing unicompart-
mental knee replacement, and 88% of the patients returned 
to sports activities while 93% was performing sports activi-
ties preoperatively. Fisher et al. [7] evaluated 76 patients 
with a mobile-bearing medial unicompartmental knee arthro-
plasty, for 18 months. Prior to the operation, 55% partici-
pated in sports activities, and 51% returned to the sports 
activities. Ninety-three percent of the patients successfully 
returned to their regular sports after the unicompartmental 
knee replacement surgery. However; a middle-aged patient 
with a unicondylar knee replacement who returns to high 
level sports may be subject to early revision to a TKR [8].

Hopper et al. [11] compared participation in sporting activi-
ties following total and unicompartmental knee arthroplasties. 
The patients had a significantly greater return rate to sport after 
unicompartmental arthroplasty than total knee arthroplasty. 
Patients in unicompartmental group took part in more sporting 
sessions preoperatively and postoperatively and for a longer 
period of time than patients in the total arthroplasty group [11].

Discussion

Orthopedic surgeons have a duty to recommend activities 
that promote durability and survival of the reconstructed joint 
[21]. In a recent study, Mont et al. [28] compared high- and 

low-activity patients with total knee replacement. Overall 
satisfaction, rate of revision, and clinical and radiographic 
results were compared at a minimum follow-up of 4 years 
and mean 7 years. While long-term results have to be waited, 
the results suggest that low- to moderate-impact sports activi-
ties had no effect on the clinical and/or radiographic out-
comes of total knee arthroplasties at midterm follow-up [28]. 
However, patients must be cautioned to minimize component 
overload [6].

Swanson [37] reported a questionnaire, which was dis-
tributed to the members of the American Association for 
Hip and Knee Surgeons attending the 2007 annual meeting. 
More than 95% of the responses placed no limitations on 
low-impact activities including level surface walking, stair 
climbing, level surface bicycling, swimming, and golf. 
Higher impact activities were more commonly discour-
aged, although there was considerable variability [37]. 
In making activity recommendations, peak force as well as 
the number of loading cycles should be considered [37]. 
High-impact activities are not appropriate for most patients 
after total knee arthroplasty. Mont et al. [29] indicate that 
some patients can participate in high-impact sports, such as 
jogging, down-hill skiing, and singles tennis, and can enjoy 
excellent clinical outcomes during the first 4 years after 
surgery [29]. Bradbury et al. [2] reported that more than 
75% of patients who had a total knee arthroplasty returned 
to sports postoperatively, with 20% returning to high-
impact activities [2]. All patients should be encouraged to 
remain physically active to improve general health, main-
tain good bone quality, and improve implant fixation [36]. 
Marker et al. [26] analyzed whether the increase in physical 
activity of patients following surgery is associated with 
their level of functional and objective treatment. They 
reported that change in activity level is more closely associ-
ated with improved function than changes in objective 
 measures [26].

Santaguida et al. [34] searched four bibliographic data-
bases (MEDLINE 1980–2001, CINAHL 1982–2001, 
EMBASE 1980–2001, HealthStar 1998–1999) for studies 
involving arthritic patients with one or more of the following 
outcomes after total joint arthroplasty: pain, physical func-
tion, postoperative complications (short and long term), and 
time to revision. Findings suggest that younger age and male 
sex are associated with increased risk of revision and older 
age and male sex are associated with increased risk of mor-
tality; older age is related to worse function (particularly 
among women), and age and sex do not influence the out-
come of pain. All subgroups derived benefit from total joint 
arthroplasty [34].

Orthopedic surgeons should inform their patients preop-
eratively that the patients participating in sports activities 
before surgery have more chance to participate in sports 
activities postoperatively. Mobility and regular exercises 
improve patients’ physical and mental health. High-impact 
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sports can be a reason for component overload and cause 
fatigue and implant failure. Low-impact sports should be 
encouraged as soon as possible after surgery.
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Treatment of Pain in TKA: Favoring  
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Degenerative Joint Disease (DJD) progressively produces 
pain and functional impairment. The increase in the longev-
ity of the general population results in a higher and higher 
prevalence for DJD, so that osteoarthritis equals to more 
than a half of the chronic pathologic conditions involving 
people older than 65 years [6]. However, continuous evolu-
tion of biotechnologies and surgical techniques has made 
joint replacement surgery always more popular and more 
effective [4].

Nowadays, patients treated with joint replacement surgery 
for primary DJD are younger and often more functionally 
demanding than in the past decades. When consulting to an 
orthopedic surgeon who suggests a hip or knee replacement, 
nearly all patients ask the doctor if they will be able to resume 
sports activity after surgery. Positive effects of a regular sports 
activity in preventing disabling and chronic pathologies like 
obesity, high blood pressure, cardiovascular diseases, diabe-
tes, osteoporosis, and depression have been widely under-
lined and promoted by the mass media. This sort of positive 
selection pressure has pushed middle-aged people to think 
about sport activity as a sort of long life elixir, so that the larg-
est part of patients with a hip or knee replacement absolutely 
need some level of sport activity resumption after surgery.

To satisfy the functional demands of these patients, a deep 
and complete collaboration between the orthopedic surgeon 
and the physiatrist is mandatory and a complete exchange of 
information and knowledge is necessary to obtain a fast and 
functionally complete healing process.

In this holistic approach, it is important to firmly bear in 
mind that every patient has to be addressed as a single unit, 
made by a psychological component, a neuromuscular/neu-
rosensitive component, and a musculoskeletal component.

The surgical treatment of a severe DJD of the knee with 
a total knee arthroplasty (TKA) produces a new surgical 
 normality and just solves the functional problems and the 
symptoms directly related to the pathological deformity. To 
develop a new functional normality starting from this new 
surgical normality is never an easy step, most of all when the 
new functional normality is expected to be at a high demand 
activity level.
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The fundamental steps of the functional recovery 
process are:

Pain resolution
Range of motion (ROM) recovery
Strength recovery
Proprioception recovery
Daily activities recovery, including work-related func-
tions and sports-related functions.

Postoperative Pain Management

Postoperative pain resolution is obviously the first and man-
datory request to be satisfied in order to progress toward a 
new complete functional normality. A correctly administered 
and well-dosed postoperative physical activity is a highly 
effective tool to control pain and to obtain a rapid functional 
improvement.

Unfortunately, in our experience, a specific rehabilitation 
protocol, after hospital discharge, is usually administered 
just to a small and restricted subpopulation of patients treated 
with a TKA (Fig. 1). Nevertheless, it is important to under-
line how a correct rehabilitation protocol, based on a cor-
rectly administered physical activity, is fundamental in 
reducing the incidence of functional complications which 
are incompatible with sport activity resumption, such as flex-
ion contracture, extensor mechanism deficit, limited ROM, 
foot and ankle-related gait dysfunctions, incomplete proprio-
ceptive recovery, or persistent pain.

Immediate Postoperative Period

The fundamental objective for the acute postoperative phase 
is to avoid excessive joint swelling, reduce inflammation, 
and prevent wound suffering-related complications.

Patients are positioned with operated leg elevated and ice 
on their knee, for not more than 20 consecutive minutes.  

We usually position a support under the heel of the operated 
leg to promote a complete extension recovery in the first post-
operative days. Patients are not allowed to leave the bed for 
the first postoperative day and until the drainage removal.

Continuous passive-assisted motion is usually started on 
the second postoperative day with flexion progressively 
increased as tolerated. However, if persistent pain is referred 
or if evident swelling is noted, we strongly recommend to 
stop continuous passive motion and just focus on complete 
extension recovery, while an additional dose of non steroidal 
anti-inflammatory drugs can be administered until the reso-
lution of the symptoms, which is usually achieved in 1 or 2 
days. It is fundamental to underline that no forced manual 
mobilization in flexion has to be performed at all.

After first medication and drainage removal, patients usu-
ally start functional and assisted walking exercises.

Recommendations for Home Rehabilitation

It is important to underline the usefulness of a simple pro-
gram of basic exercises that the patient can execute indepen-
dently at home, starting from the fourth to fifth postoperative 
day. The fundamental point is that the patient has to learn to 
correctly walk with two crutches, with the operated knee 
completely extended during the stance phase of the gait. 
Walking with a flexed knee can lead to persistent anterior 
knee pain and to a plastic retraction of posterior muscular 
and capsular structures, with an abnormal gait and an over-
load on prosthetic implant, which can impair osteointegra-
tion and medium- and long-term stability of the implant.

During the first 2 weeks after surgery, the patient has to 
focus on isometric open chain exercises to recover correct 
extensor mechanism muscle recruitment and to prevent the 
danger of any extension lag.

These simple routine exercises have to be executed at 
least twice a day.

It is fundamental to underline that full weightbearing has 
to be allowed just when the patient has achieved full active 
and passive extension. Any unsolved functional deficit, par-
ticularly a persistent extension lag, can lead to long lasting 
problems like an algodistrophy, which can impair the 
osteointegration of our implant and can produce a persistent 
pain. To solve immediately any functional deficit is the key 
point to obtain an excellent functional and clinical long-term 
result, most of all in patients with risk factors correlating 
with a poor final outcome, such as female gender, older age, 
low socioeconomical status, a lot of comorbidities, a worse 
preoperative status, depression, low self-efficacy, poor pain 
coping strategies, somatization, low social support [7].

After suture removal and complete healing of the surgical 
wound, the patient can start with the water-based and land-based 

TKA Patients with
specific rehabilitation protocol

no rehab
rehab
rehab-sport

Fig. 1 A specific rehabilitation protocol is unfortunately usually admin-
istered just to a restricted subpopulation of TKA patients
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phase of the rehabilitation protocol and, according to his general 
health status and his psychological and motivational conditions, 
with a sport-specific playground-based phase.

TKA and Sport Activity Resumption

In literature, we have no general consensus regarding sports 
that can be safely practiced after a TKA. A reduced physical 
activity after TKA generally should not be recommended, 
because this can lead to a reduction of aerobic threshold, 
a loss of muscle mass, a reduction of coordination and a 
lower postural control, producing a weakening of the host 
bone and a higher risk of falls and fractures.

However, some papers have demonstrated that a correctly 
implanted TKA provides in more than 90% of the cases a 
complete pain relief and an excellent functional improve-
ment, finally leading to a more active lifestyle ant to a supe-
rior cardiovascular performance. After a successful TKA, it 
has been noted that there has been an improvement in physi-
cal activity resistance, an improvement in maximal load, a 
superior peak in oxygen consumption, and a higher oxygen 
extraction by the peripheral tissue [5].

Nevertheless, the risk of wear and loosening of the implant 
is logically expected to be directly related to mechanical load 
and so to the intensity of physical activity [2].

Younger patients, with high functional demands tend to 
recover a more active lifestyle and to resume sport activity 
after surgery, with an increased risk of aseptic loosening [8]. 
Seventy-five percent of the patients regularly involved in some 
kind of sport activity resume it after surgery, while on the con-
trary just 35% of the patients with a preoperative sedentary 
lifestyle start some kind of physical activity after surgery [1].

Timing is fundamental for sports resumption after TKA 
and an excellent and complete functional recovery is manda-
tory. Before the patient is allowed to resume his sport activ-
ity, we have to clearly assess:

A complete pain resolution;
A complete range of motion of the implant
A natural joint motion
A side-to-side strength difference lower than 20%
A normal stabilometric analysis
A normal proprioceptive and gait pattern.

According to recent literature, patients with a large number 
of comorbidities and low socioeconomical status are at risk 
of a poor final outcome, while on the opposite side patients 
with a high functional level and an excellent general health 
status are at risk to compromise the medium- and long-term 
result through overusing their TKA.

For this new category of very active patients, conventional 
surgical technique and implant design cannot be completely 

effective and the patient can achieve a good or excellent 
functional result, but he has to accept a significant reduction 
of his physical activity level. Further research is needed to 
develop new surgical techniques and new implant designs to 
provide an optimal solution for younger patients with high 
functional demands, unwilling to reduce their physical activ-
ity level or to give up their recreational sport practice. Future 
improvements in biotechnologies and basic science knowl-
edge will permit to perform minimally invasive surgery, 
sparing host bone and ligamentous structures, to better repro-
duce native kinematic and overcome intrinsic mechanical 
limits of cemented implants.

Sport-Specific Recommendations

Sport activity after TKA has to be considered like a medica-
tion, with dose-dependent positive and adverse effects.

Moderate running or jogging is one of the patients’ pre-
ferred physical activities and it is not generally considered a 
dangerous exercise. However, running or jogging is not so 
harmless because the stance phase takes place with the knee 
flexed at nearly 30° and so at every step there is a high 
mechanical load on the operated knee, possibly producing an 
overstress at the bone–cement interface and an accelerated 
polyethylene insert wear. Moreover, the faster the running is, 
the higher is the mechanical load on the knee, so that at 
7 km/h, we have four times the body weight loading the knee 
at every step [3].

Also mountain trekking is usually considered as a harm-
less activity, but we have to bear in mind that downward 
walking produces a higher load on the knee joint more than 
eight times the body weight. Using trekking poles, this load 
can be reduced to more than 20%.

Biking is surely the physical activity with the lowest 
impact on the knee after TKA, because compressive load is 
just 1.2 times the body weight and this can be further reduced 
increasing the highness of the seat.

Tennis can be performed, but it is preferable to play dou-
ble matches on red ground.
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Pain Management in Total Knee Arthroplasty

Paolo Adravanti, Francesco Benazzo, Mario Mosconi,  
Mattia Mocchi, and F. Bonezzi 

Introduction

Pain is perceived at the CNS level as a consequence of 
peripheral nociceptor activation and the cells that take part in 
the transmission of the signal to the somatosensitive area of 
the cerebral cortex.

This process is called nociception.
A peripheral nociceptor is activated following a mechani-

cal, thermic or chemical stimulus.
The first neuron along the pain path is situated in the gan-

glions of the dorsal roots of the spine nerves.
This neuron has long dendrites and transmits efferent 

messages through an axon to the second neuron found in the 
posterior horn of the spinal cord.

The signal is subsequently transmitted to the nuclei of the 
thalamus. This is home to the third neuron which projects 
information principally to the somatosensitive area of the 
cerebral cortex (SI post-central and SII at the end of the 
superior portion of the central sulk). It is at this level that 
pain awareness occurs.

For nociceptor activation, a stimulus superior in strength 
to the activation threshold is required (the likes of which, as 
we will later discuss, can be influenced by various factors, 
first of all the inflammation).

The greater the stimulus and the number of nociceptors 
activated, the greater is the pain perceived.

There are two types of fibres involved in the transmission 
of this type of signal:

Fibre A-delta: myelin fibres which transmit the signal at a 
speed of 10–30 m/s. These are activated by mechanical and 
thermic stimuli. Activation generally results from an acute 
stimulus and is responsible for the immediate sense of pain.

Fibre C: amyelinated fibres which transmit at 0.5–2 m/s 
and are activated by chemical, mechanical, thermic and 
polymodal stimulus.

Chronic knee pain can be caused by constant nociceptor 
activation.

A tissue lesion (e.g., cartilaginous damage) leads to a 
pathological pattern (e.g., arthrosis) which can trigger an 
inflammatory reaction responsible for pain pathogenesis by 
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liberating substances whose main effect is to lower the stim-
ulation threshold of nociceptors.

Acute pain has been accurately conceptualised as a symp-
tom of an underlying disease, not a disease in itself. 
Furthermore, it is generally accepted that treating the under-
lying pathology provides adequate pain relief [3].

Inflammatory pain is initiated by tissue damage inflam-
mation and neuropathic pain caused by nervous system 
lesions. Both are characterised by hypersensitivity at the site 
of damage and in adjacent normal tissue. Pain may appear to 
arise spontaneously, stimuli that would never normally pro-
duce pain begin to do so (allodynia) and noxious stimuli 
evoke more severe and prolonged pain (hyperalgesia) [2].

Brief noxious stimuli do not result in permanent nocicep-
tion alteration, but continuous nociceptive activity can even-
tually lead to long-term physiological changes, a phenomenon 
known as neuronal plasticity [3].

Neuronal plasticity is therefore responsible for allodynia, 
to the left of the line, (pain is generated by stimuli which 
would not usually induced it) and hyperalgesia, on the right 
(a painful stimulus which provokes excessive pain).

Nociceptor sensitization occurs when certain substances 
such as K ions, bradykinin, serotonin, histamine, prostaglan-
dins and leukotriens (eicosanoids) are released near nocicep-
tors following tissue damage or an inflammatory process [1].

When cells die as a result of a mechanical stimulus, the 
potassium released directly depolarises the nociceptors’ 
membrane whilst other substances, such as bradykinin, bind 
themselves to membrane receptors and act by way of second 
messengers. Other substances, however, are released by the 
nociceptors themselves through an assonic reflex: substance 
P (SP) and calcitonin gene-related peptide (CGRP) [1].

A simulated nociceptor, in fact, also transmits antidromic 
impulses which can cause the release of these substances 
which, in turn, increases vasodilatation and capillary permea-
bility subsequently causing also cutaneous reddening, tem-
perature increase, and swelling. Rubor, Calor, Tumour, Dolor.

A high-threshold stimulus is one which can produce a 
sensation of pain in physiological conditions by activating 
the nociceptors, and hence, the nociception path, performing 
the function of a defence mechanism. Bone or ligament dam-
age stimulates pain which triggers defensive behaviour such 
as the decreasing of load exerted on the damaged area.

Diagnostic Principles of Pain

There are four diagnostic principles of pain to define with 
different treatments.

The first diagnostic principle of pain is based on nocicep-
tor activation which can be brought about by the following:

Mechanical stimulation
Inflammation

In the first case, it is necessary to remove the mechanical 
stimulus responsible for the pain. For knee pathologies, for 
example, a selective meniscectomy is carried out in order to 
remove the damaged area of the meniscus.

In the second case, however, NSAIDs are administered 
with a view to lowering the stimulation threshold of the noci-
ceptors, the likes of which respond more frequently to low-
threshold stimuli.

The second diagnostic principle of pain identifies the neu-
ron in the posterior horn of the spinal cord (II neuron in the 
pain path) as the element responsible for pain generation.

Threshold changes in the healthy segment of the spinal 
lesion are caused by hypersensitization of the second neuron. 
Hypersensitivity of spinal neurons results in increased pain 
intensity, the area subject to pain increases (referred pain) 
and pain evoked by non-painful stimuli in undamaged areas 
(secondary allodynia). In this case, drugs which act on a 
spine synaptic level are used:

Tramadol + paracetamol
Min-May opioids
Antidepressants and antiepileptics
Drugs which act on calcium channels

If the pre-existing disease is inflammatory, in addition to 
activating the nociceptors, the spinal neuron may be affected. 
This does not occur if the stimulus is purely mechanical.

The third diagnostic principle of pain. Pain can be caused 
by lesions in the afferent pain paths. Whilst the pathological 
process ceases, mechanisms are generated which continue to 
cause pain over time. Hypersensitivity of the ectopic areas 
following peripheral and central nerve path lesion manifests 
itself as pain in the damaged nervous path area in both spon-
taneous and evoked form.

The fourth diagnostic principle of pain. This regards deaf-
ferentiation pain which develops following nociceptive path 
interruption caused by nerve and meningeal damage from 
root avulsions. Deafferentiation hypersensitivity, which fol-
lows the complete interruption of the nociceptive paths, 
manifests itself as pain in an area of the body which no lon-
ger has nociception.

Pain Control

Pain control is an essential aspect of surgery. It can modify 
the result of surgery.

Good analgesic therapy can decrease morbidity, mortality 
and the length of stay in hospital.

Negative effects of pain include physical and emotional 
suffering, sleep disturbance, cardiovascular implications and 
increased oxygen consumption.

Several clinical studies have shown that moderate or 
severe pre-operative pain can influence post-operative pain:
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Patients have to be administered the right drug in the right 
dosage regularly, not just when they feel the need.

Dosage of drugs is chosen according to the specific 
requirements of each patient.

Tramadol, tramadol-paracetamol and oxycodone-paracetamol 
are suitable pre-operative drugs.

It has been demonstrated that, in the case of severe chronic 
pain (>6 months), using drugs which act on nociception at a 
spinal synaptic level (gabapentin, pregabalin) can reduce 
post-operative pain.

The chronic use of NSAIDs must be replaced with parac-
etamol (it does not modify coagulation)

The use of acetylsalicylic acid (<300 mg) can be contin-
ued with the exception of selected cases.

Providing the patient with suitable and comprehensive 
information reduces post-operative pain.

The type of operation, the different post-op phases (wak-
ing up, catheters, drainage, loss of limb sensitivity, forced 
rest) and rehabilitation programmes are carefully explained 
to the patient.

Information gathered from the patient by the surgeon 
must be shared with the anaesthetists in order to plan suitable 
pain therapy.

Psychological characteristics must be considered in order 
to predict a particularly difficult post-operative phase.

Some studies show that younger patients feel more post-
operative pain.

Preventive actions in the incisional phase (in relation to 
the phlogistic process and post-op pain)

The use of analgesic drugs before the incisional phase 
does not seem to affect post-op pain.

Local infiltration of a local anaesthetic and morphine 
before suturing is associated with a reduced opioid consump-
tion in the first 18–24 h and increased joint flexion (other 
studies are needed as confirmation)

Continuous intra-articular perfusion of local anaesthetic is 
less effective than perineural infusion at the femoral level.

The use of a tourniquet is associated with a higher level of 
post-op pain.

Recommendations regarding the incisional phase

There is no evidence referring to the choice of regional or 
general anaesthesia.

Regional anaesthesia is associated with fewer minor com-
plications and better immediate post-operative pain control. 
It does not, however, lead to a lower consumption of analge-
sic drugs in the post-op phase.

Regional anaesthesia can be combined with morphine 
(0.1– 0.2 mg). This can reduce the use of opioid drugs in the 
first 12–18 h but can provoke nausea and vomiting (10–20%).

MIS seems to reduce post-op pain due to the limited 
aggressiveness of the musculoskeletal structures which mini-
mises the phlogistic process.

Peridural and perineural analgesia are better at controlling 
post-op pain than opioids and allow earlier joint mobilisation.

Perineural analgesia has fewer side effects than peridural 
analgesia or opioids.

Good post-op analgesia facilitates early discharge
NSAIDs, paracetamol or opioids are needed in the absence 

of peridural or perineural analgesia.
The formation of a haematoma is associated with more 

severe post-op pain.
Only opioids are to be administered when needed, the 

other drugs should be used regularly and in the right dosage 
for at least 72–96 h post-op.

Adequate analgesic therapy has to be planned in order to 
assist the whole rehabilitation phase.

Consumption of NSAIDs should be ceased after 72 h of 
treatment (level I studies).

A suitable post-op programme (rehabilitation, criother-
apy…) positively influences post-op phlogosis and pain, 
which in turn leads to better functional recovery.
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Lateral Unicompartmental Knee Replacement 
and Return to Sports

Kevin D. Plancher and Alberto R. Rivera 

Introduction

Unicompartmental Knee Arthroplasty (UKA) has been 
reported as an infrequently performed operation by orthope-
dic surgeons in the USA in the past with an incidence of 
5–10% of all knee arthroplasties [5, 18, 42, 43, 47]. From 
1998 to 2005 the rate increased 32% in comparison to Total 
Knee Arthroplasty (TKA) with only an increase of 9.4% [40]. 
Lateral UKA is an attractive alternative to arthroscopic deb-
ridement, distal femoral osteotomy, or total knee replace-
ment in the treatment of lateral knee arthritis [2, 8, 12, 25, 29, 
32, 50]. In addition, lateral UKA has similar or greater cost 
effectiveness when compared to TKA [45]. The procedure 
can be performed successfully though a minimally invasive 
incision [41]. Our own experience has shown that lateral 
UKA is effective in highly active patients 47–85 years of 
age. The presence of asymptomatic early arthritic changes 
on MRI of the medial compartment (opposite compartment) 
or patella has not been a deterrent for a lateral UKA. The 
procedure allows for an accelerated rehabilitation program 
and return to athletic endeavors sooner than TKA with more 
normal kinematics, superior range of motion, and equal sta-
bility. These advantages, especially return to sport, without 
restrictions, make this an attractive procedure. This chapter 
discusses the recent resurgent interest in lateral UKA and its 
usefulness in appropriate patients with implantation through 
a small incision.

Indications and Contraindications

The classic selection criteria for a UKA provided the ground-
work for this successful procedure (Fig. 1) [21]. Written in 
1989, these authors felt that a successful outcome would 
occur when a patient had a non-inflammatory osteoarthritis 
confined to one compartment, body weight ideally between 
80 kg and 90 kg, age >60 years, an intact ACL, minimal pain 
at rest, range of motion arc > 90°, with <5° flexion contrac-
ture, an angular deformity < 15° that is passively correctable 
to neutral and the need for low demand activities.
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The classic contraindications have included a diagnosis of 
inflammatory arthritis, patients with an age less than 60 and 
or the need for high activity level, pain at rest, symptomatic 
patellofemoral pain or grade 4 chondromalacia (Outerbridge) 
in the opposite compartment, skeletal immaturity, insufficient 
bone stock, previous history of infection in the affected joint, 
obesity, absence of an anterior cruciate ligament (ACL), 
medial collateral ligament (MCL), or lateral collateral liga-
ment (LCL) insufficiency.

Recently, others like us have found that some of these 
very stringent criteria, while if held in check will yield an 
outstanding result, can also be modified so that more patients 
can qualify as candidates for this operation and achieve grati-
fying results [2, 15]. While we agree with other surgeons [4] 
that a BMI >32 is a good predictor for adversely affecting 
survivorship and early failure, we strongly believe there is a 
large host of patients with a BMI less than this and much 
greater than a weight of 90 kg that would be appropriate can-
didates for UKA. Other series much like our experience 
show high success rate >95% at 10 years [1, 18]. We believe 
the utilization of a metal-backed implant and improved sur-
gical techniques as well as design modifications has allowed 
for improved results in a heavier population. Likewise, these 
changes have also afforded a larger success in younger 
patients.

The presence of patellofemoral arthritis while previously 
held to be a contraindication has been shown, in studies 
(Fig. 2), to be successfully ignored even with grade 4 chon-
dromalacia as long as the patient is asymptomatic in this 
articulation [2, 39].

The Controversy as to whether an ACL deficient knee can 
have an implantation of a UKA with a successful result is 
fought hard by both sides. It is felt by many because the lat-
eral compartment has inherently more motion than its coun-
terpart (the medial side) that increased translation will occur 

leading to instability in the presence of a UKA [15]. This 
group of authors has felt that this will lead to increased fail-
ure rates due to the increased sliding motion and abnormal 
contact motions. Our experience has not been met with the 
same problems or failures and in fact, although all patients 
complain of a pes bursitis at some time early during the first 
6 months postoperatively, this can be simply treated by cor-
ticosteroid injection with complete resolution. We do agree 
until the capsule contracts it is the increased sliding of the 
prosthesis that forces the hamstrings to function as a make-
shift ACL. Patients, preoperatively, who complain of anterior–
posterior instability, rather than medial lateral instability, 
when walking as most lateral-sided arthritic patients sense 
should not go forward with a UKA unless they first have an 
ACL reconstruction. Studies by others that caution patients 
to avoid a UKA procedure in the absence of an ACL were 
done in vitro and we believe do not allow for interpretation 
in vivo, and in fact in our results, good mid-term results with-
out limitation of activities have been noted by others [2, 11, 
49]. We therefore encourage our patients to consider UKA 
even in the absence of an ACL [22, 23].

History

The preoperative clinical decision requires a detailed history 
and assessment of the patient’s complaints. Many patients in 
this cohort have had previous surgery for partial or total 
menisectomies which 20 or 25 years later have now led to 
lateral-sided pain. Patients with lateral-sided unicompart-
mental knee arthritis almost universally complain of pain on 
the outside of the knee. Patients also state that their knee 
hurts when ascending stairs. It is very important that patients 
localize their pain to one side of the knee with minimal to no 

Fig. 1 Intraoperative photo of successful implantation of UKA Fig. 2 Intraoperative view of patella with Outerbridge grade 3–4 
 chondromalacia (not felt to be a contraindication for UKA)
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pain on the opposite side. Pain should never exist in the mid-
dle of the knee behind the patella. In our practice, we ask the 
patient to point to the area of pain with one finger as has 
been described by others (Fig. 3) [6]. This “one-finger test” 
has proven reliable for us and in fact when a patient is 
unclear where the pain is located we give them a marker and 
divide the knee in half and ask them to go home and mark 
their knee where it hurts as they walk on level ground, up 
stairs and down stairs to be certain that their pain is local-
ized. If the patient grabs his/or her knee with hand, failing to 
localize pain in a more global pain distribution, we believe 
this is a patient who will fail a unicompartmental knee 
replacement.

Physical Examination

The physical exam must make note of the alignment of the 
extremity, knee ligament stability, and the presence of iso-
lated compartment symptoms. Being meticulous in this 
assessment cannot be overemphasized. Routine physical 
examination focusing on stability in the medial–lateral 
plane as well as noting any Lachman, anterior or posterior 
drawer, pivot and reverse pivot shift is essential (Fig. 4). 
The presence of a provocative exam should elicit a wake-
up call and an MRI or further testing with a KT-1000 should 
be performed. Most patients who require treatment for 

lateral-sided arthritis will have a range of motion arc > 120° 
although note of any unusual extension lag or flexion 
 contracture must be recorded. All muscle and skin integrity 
is noted. Any observation of significant synovitis should 
prompt an evaluation for an inflammatory arthropathy. 
The patellofemoral joint must be rigorously investigated to 
note any symptoms upon patellar compression, crepitus, or 
maltracking.

Imaging

Standard radiographic views should include a long leg stand-
ing anteroposterior standardized protocol with the patient 
standing facing the technologist with the patella anterior 
(Fig. 5), a weight bearing anteroposterior, a 45° flexed-knee 
posteroanterior (Fig. 6), lateral, and an axial patellofemoral 
view to asses degeneration [38]. Any sign of tibiofemoral 
subluxation must be noted and we caution the use of a UKA 
in these patients. We also encourage the routine use of a mag-
netic resonance image to grade the cartilage of the opposite 
compartment (Fig. 7). We have used the Outerbridge classifi-
cation system in the past and have trained our radiologists 
accordingly to assist us [34].

We believe this extensive workup avoids a decision from 
being made in the operating room by indirect or direct visu-
alization of the cartilage surfaces. Patient expectations can 
now be met because of the preoperative assessment.

Treatment Options

Nonsurgical treatment is always the first option in the treat-
ment of lateral unicompartmental osteoarthritis. Physical 
therapy, nonsteroidal anti-inflammatory medications, and/or 

Fig. 3 “One finger test” for evaluation of a patient with isolated symp-
toms to the lateral side of the left knee

Fig. 4 Anterior drawer performed on a preoperative patient indicating 
anterior instability
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chondoprotective agents and activity modification are the 
standards of care [20]. Unfortunately there are no disease 
modifying drugs for osteoarthritis [44]. When nonopera-
tive treatment fails though, surgical treatment, which can 
include an arthroscopic debridement, distal femoral osteot-
omy, or a total knee replacement can be considered [8, 12, 
26, 28]. Distal femoral osteotomy, as a correction for a val-
gus deformity (lateral sided osteoarthrosis), has been suc-
cessful in some surgeons’ hands although we have not seen 
longevity in our active patients as has been predicted in the 
literature [7, 28, 30, 35, 51]. We found a 55% survivorship 
rate at 5–10 years with osteotomy and a higher rate of 
intraoperative and postoperative complications [7]. It is 
also well known that osteotomy of an already severely 
arthritic knee is associated with an increased likelihood of 
revision to a TKA [51]. This revision to a TKA has been 
shown to be much more difficult than revision of a UKA to 
a TKA or the ability to perform a primary TKA [10, 24, 30, 35]. 
Stukenborg et al. compared the results of proximal tibial 
osteotomy and UKA with a 7–10 year follow-up [48]. They 
concluded that the results of UKA were significantly better 
and that a proximal tibial osteotomy was associated with 
a higher complication rate rather than UKA [48]. This 
 randomized, prospective study of 62 patients had a survi-
vorship analysis of 77% for UKA and 60% for high 
 tibial osteotomy (HTO) [48]. UKA has also shown to 
have reduced morbidity and preserved bone stock, which 
when needed for a TKA permits a simpler prosthesis 
revision [2, 14].Fig. 6 PA Rosenberg radiograph of lateral bilateral knee osteoarthritis

Fig. 7 Coronal view of MRI T1 image with lateral-sided disease only

Fig. 5 Three-foot standing anteroposterior radiographic view for leg 
alignment
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Literature Results

Twelve percent of the US population between the ages of 25–75 
demonstrate some sign or symptom of osteoarthritis [23]. The 
disability of this arthritis is only matched by that of cardiac dis-
ease [16]. Recent resurgence of interest in the UKA has created 
a new body of literature. Studies though directed specifically at 
lateral-sided arthritis are limited to short, and medium term 
results, economic data, and bias. This is the only chapter we 
know of that discusses return to sport as an outcome for the 
lateral UKA.

In 2008, surgeons from France reported on 39 patients in 
40 lateral cemented metal-backed UKA. This retrospective 
study with mean follow-up of 12.6 years showed a prosthe-
ses survivorship of 92% at 10 years and 84% at 16 years [2]. 
In a 89 months follow-up of 14 other patients only one fail-
ure was reported [26]. Pennington showed in a mid-term 
follow-up of 12.4 years that a mixed series of a metal-backed 
tibia and all poly tibia implant revealed a survivorship of 
100% with no revisions [37]. These same authors showed 
satisfactory results in patients below 60 years of age. They 
also performed the UKA in their cohort even when the unin-
volved compartment had up to grade 2 osteoarthritis. Engh 
reported likewise his series at 12 years with no revisions in 
the young, active patient and Argenson has reported a 84% 
survivorship in 16 years [2]. Short- to medium-term results 
reported by Volpi using the Miller-Galante prosthesis for a 
lateral unicompartmental replacement had good results with 
HSS scores that improved from a pre-op mean of 59.92 
(range 48–68) to 88.04 (range 71–95) [50]. These patients 
all had a decrease in pain, with an increase in function and 
range of motion. Reported increase in range of motion fol-
lowing UKA has reached an average of 123° compared with 
109° in the TKA although our experience in patients less 
than 60 years of age has shown an average range of 145° 
(Fig. 8) [2, 22, 31]. A recent comparative study in which 
patients underwent TKA on one side and UKA on the con-
tralateral side revealed that patients felt that the UKA side 
was more normal and had better function [22]. That “more 
normal feeling” was studied with the kinematics of stair 
climbing in vitro and it was found that femoral rollback in 
the UKA more closely resembled normal knee function 
rather than a TKA [36]. Newman et al. in a prospective, ran-
domized study of 102 knees showed that the UKA group had 
less perioperative morbidity and regainedknee motion more 
rapidly [31].

The authors felt that the procedure required expert surgi-
cal technique for a successful outcome. In fact, the review of 
the literature above confirms that surgical technique at the 
primary surgery can decrease the modes of failure. Component 
positioning and alignment and soft-tissue balancing can lead 
to a successful arthroplasty and avoid failures.

The table below summarizes the results of several UKA 
series (Table 1). These studies and others reveal the rapid 
increase in the number of UKA. While the data may reveal 
excellent long-term results, early failures from experienced 
authors have also been noted [13, 41]. The importance of 
training, proper patient selection, modifications in instru-
mentation as well as prosthesis design is hoped to eradicate 
these failures. In fact, some of these studies have taught us 
that when using an all poly tibia a revision will more often 
than not require augments and stem prosthesis [1]. Patient 
selection, as stated before, is critical to the success of a UKA 
and a report recently has shown an unacceptable revision rate 
of 10% in a worker’s compensation group with loose tibial 
components at 40 months [27].

Cost Analysis most recently revealed that the UKA is 
cost-effective in the elderly population (75–84 years of age) 
as long as the revision rate does not rise above 4%. In fact, 
these authors concluded that UKA resulted in a higher num-
ber of accumulated quality-adjusted life-years and a lower 
accumulated cost for this cohort of patients [45].

Our Results

When our nonsurgical treatment for lateral unicompartmen-
tal disease has failed we proceed with a consideration of an 
arthroscopic intervention as long as the patient’s standing 
films and Rosenberg view do not demonstrate a bone on bone 
articulation [38]. When a patient arrives in our office with an 
x-ray that reveals bone on bone with single-sided disease in 
the lateral compartment, we believe a lateral UKA is the pro-
cedure of choice [8, 12, 25, 29]. Lateral UKA is preferred 

Fig. 8 Patient with unicondylar knee able to perform sitting lotus 
position
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over TKA because of the preservation of the anterior and 
posterior cruciate ligaments as well as bone stock mainte-
nance. Our discussion with patients uses an analogy of the 

dentist repairing a cavity with a cap but if there is destruction 
of all areas of the knee (tricompartmental disease) then a 
TKA is appropriate much like giving patient dentures when 
issues in the mouth are irreparable.

Our results on 45 knees with UKA with minimum follow-
up of 24 months and average follow-up of 47 months have 
shown a mean Lysholm score improve from 59.2 (range 
32–92) to 93.2 (range 69–100) following surgery. HSS scores 
improved from an average of 64.1 (range 35–87) preopera-
tively to 93 (range 77–100) postoperatively. The average 
Tegner activity score increased from 3.1 (range 0–6) to 4.8 
(range 1–8).We have looked critically with scoring systems 
that discuss return to previous activity levels, long-term 
radiographic findings, and survivorship data with an end-
point of revision and or conversion to a total knee arthro-
plasty (Fig. 9).

Postoperative Care and Rehabilitation

Following surgery, patients are started, in the recovery room, 
on a continuous passive motion (CPM) machine no different 
than postoperative care for a TKA for 3–4 weeks. Physical 
therapy with gait training, range of motion, patellar mobili-
zation, and edema control are commenced immediately. All 
patients receive cryotherapy treatment and a hemovac drain 
is removed at day 3. Isometrics and straight leg raise exer-
cises progress to close chain strengthening at 4 weeks.

Table 1 Results of the different series of lateral UKA in the literature (Adapted with permission of Springer)

Authors Date of 
publication

Number of 
evaluated 
UKAs

Type of implant Number of 
surgeons

Mean follow-up 
(years)

Survivorship 
(number of 
revisions)

Marmor [9] 1984 14 Cemented all poly 1 7.4 (2.5–9.83) NA(2)

Gunther et al. [17] 1996 53 Cemented, 
metal-backed, 
mobile bearing

2 5 (2.5–9.83) 82% at  
5 years (11)

Ohdera et al. [11] 2001 18 Four different 
designs

NA 8.25 (5–15.75) NA (2)

Ashraf et al. [50] 2002 83 Cemented all poly 
tibia

4 9 (2–21) 74% at  
15 years (15)

O’Rourke et al. [33] 2005 14 Cemented all poly 
tibia

1 10.6 (1–22) 72% at  
25 years (2)

Pennington et al. [18] 2006 29 Cemented, 
metal-backed 
(75%); all poly 
tibia (25%)

NA 12.4 (3.1–15.6) 100% at 
12.4 years (0)

Sah and Scott [3] 2007 49 Three different 
designs

1 5.2 (2–14) 100% at 
5.4 years (0)

Argenson et al. [13] 2008 38 Four different 
designs

2 12.6 (3–23) 84% at  
16 years (5)

Plancher In submission 97 (medial and 
lateral)

Cemented, 
metal-backed, 
nonmobile bearing

1 5.3 (3.7–12) 96% (1) at 
6 years

Fig. 9 Postoperative x-ray of left knee with successful implantation of 
lateral UKA
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Special Situations

The ACL Deficient Knee in the past has been an absolute 
contraindication for performing unicompartmental knee 
replacement. In this decade, several series challenge that 
dogma [19]. Recent studies give greater importance to the 
slope on the tibial cut. The tibial slope must be 7° or less. 
This slope will restrict most anterior tibial translational 
forces. The availability of more conforming designs of UKA 
has also allowed success in an ACL deficient knee. Our 
patients are informed that a pes bursitis may exists for 
6 months postoperatively as the hamstrings play an active 
role to restrain any early anterior translational forces.

Obesity, another controversial topic, has not limited our 
selection process. We have followed our patients for an aver-
age of 9 years and to date have not had to revise any morbid 
obese patient to a TKA. Likewise, patients with arthritic 
changes in the contralateral compartments can be candidates 
for UKA as long as they are asymptomatic, as was previously 
discussed. We have found that grade 3–4 chondromalacia in 
the patellofemoral compartment is not a problem when preop-
eratively asymptomatic. The investigation of the contralateral 
compartment with the MRI and arthroscopic intervention has 
helped us extend our indications with a successful outcome.

Return to Sports

Many authors have written that elderly patients with more 
sedentary lifestyles are the best candidates for lateral UKA 
rather than younger and more physically active patients  
[20, 21, 43]. With the improvement in prosthesis design this 
has now been shown by others and us to no longer be a strict 

contraindication [15, 37]. We have found in our practice that 
active younger patients with a lateral UKA achieve success-
ful results. In fact, our patients have been as young as 47 years 
of age and returned to sports such as downhill skiing in 
5 months, singles tennis in 4 months, and walking as well as 
jogging in 1–2 months.

Tips and Tricks

We believe attention to detail when approaching the patell-
ofemoral compartment is essential. All patella osteophytes 
are removed with a rongeur and small nasal rasp. It is impor-
tant to avoid component oversizing and proper placement of 
the femoral component with the anterior femur in the sagittal 
plane to prevent impingement [5].

The true nature of wear in a UKA is unclear but correla-
tion with the shelf life of the polyethylene tibial component 
may account for the difference in wear rates and ultimate 
survivorship of implants.

If the surgical technique and alignment guidelines are fol-
lowed, predictable outcomes will be seen. We recommend 
undercorrection of the deformity when undertaking a lateral 
UKA to avoid medial compartment osteoarthritis progres-
sion [46]. The femoral prosthesis, because of the normal 
femoral divergence of the lateral condyle, must therefore be 
moved medially to avoid impingement of the tibial spines 
when the knee is flexed and then brought into extension [9]. 
When performing this procedure with a lateral arthrotomy 
without subluxation of the patella, the component is placed 
as medially as possible to also avoid overload and edge load-
ing of the lateral part of the tibial plateau when the knee is 
flexed 30° [37]. When completing the sagittal tibial cut, the 

Proper sizing

Too small

Too large

Fig. 10 Artwork demonstrating 
appropriate sizing of femoral 
compartment to avoid over 
stuffing
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tibial component must be placed in internal rotation to 
accommodate the “screw home” mechanism during knee 
flexion. The sulcus terminalis or leading edge of the weight 
bearing portion of the femoral condyle may be used as a ref-
erence for sizing the femoral component. It is crucial not to 
be beyond this important landmark (Fig. 10).

Summary

Lateral degenerative disease of the joint can be very disabling 
but with a properly performed lateral UKA successful man-
agement of this problem can be achieved. Through a minimally 
invasive technique, avoiding large soft tissue dissection, mini-
mizing bone loss, and conserving natural knee kinematics this 
procedure produces the results that can be comparable and per-
haps superior to a TKA. With careful implant selection, indi-
vidualizing patient selection, and more aggressive indications 
such as permitting this procedure in an ACL deficient patient 
who does not have clinical A-P instability or patients with high 
BMIs within certain limits can allow many patients to continue 
with an active lifestyle. Our goal is to always, if possible, to not 
restrict a patient from any activity. This approach has been suc-
cessfully tested with gait training without assistive devices, to 
produce a more normal gait, better range of motion, and con-
sequently return to all sports the patient had engaged in prior to 
the lateral osteoarthritis that limited their physical ability  
[22, 25, 31, 32]. Adherence to appropriate surgical indications 
and patient selection with meticulous technique is important to 
obtain the outcomes desired.
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The Arthroscopic Treatment of Knee 
Osteoarthritis in Sport Patients

Carlos Esteve de Miguel 

In this chapter we outline the prognostic factors when per-
forming arthroscopic surgery.

Orthopedic surgeons treat more and more patients involved 
in sports with knee osteoarthritis. The increase of the number 
of patients needing treatment is due to population aging and 
an increase in physical exercise at any age [5].

Arthroscopic surgery can approach knee degenerative 
lesions by a combination of various surgical techniques: 
lavage of the articulation [9, 13], synovectomy, debridement 
of the cartilaginous and meniscal tissue, and extirpation of 
loose bodies and osteophytes. In cases with serious chondral 
lesions, subchondral penetration techniques such as abrasion 
arthroplasty, microfractures, or drilling, can also be indi-
cated, with the aim of obtaining a reparative fibrocartilagi-
nous tissue [2, 11, 12, 14, 16].

Arthroscopy of the arthritic knee intends to restore the 
damaged articular surfaces. With arthroscopic procedures, 
the life of a knee may be prolonged by improving its function 
and relieving its painful symptomatology, with the purpose 
of avoiding or postponing an osteotomy or a prosthesis. 
Candidates to an arthroscopic procedure should have tried, 
without success, a conservative treatment modality.

Patients must be informed that arthroscopy is not a cure, 
but a therapeutical method which may provide relief in most 
cases. Arthroscopic surgery is generally well accepted, since 
patients wish to avoid, as far as possible, major surgical 
operations.

In cases of malalignment in varus or valgus the 
arthroscopic treatment may not solve the problem because 
of the fast degeneration of the reparative postoperative 
fibrocartilage [11, 17].

Patients should be informed about the possible necessity 
of a non-weight-bearing for 2 month period if subchondral 
penetration techniques are required. Treatment of full thick-
ness chondral lesions with penetration techniques of the sub-
chondral bone require a non-weight-bearing period of 
2 months to obtain the maturity of the fibro-cartilaginous tis-
sue covering the abraded surface.

Since 1934, when Burman [6] used the arthroscope for 
the first time to treat osteoarthritic knees, a great number of 
studies analyzing the results of the arthroscopic treatment in 
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degenerative knee lesions have been published. In these pub-
lications, contradictory results are found; largely due to the 
fact that different protocols were used in different studies, 
mainly because there is a great variability between the groups 
of patients (age, type and severity of the knee degenerative 
changes, articular alignment, physical activity level of the 
patient, or recovery expectation).

Analyzing the results of the most important works about 
arthroscopic debridement one can find an average of 68% of 
good results with an average follow-up of 38 months [1, 3, 4, 
8, 10, 15].

When, besides debridement, penetration techniques of 
the subchondral bone were practiced good results were 
obtained in 60–80% of the cases [10, 11, 17]. The best results 
have been obtained when patients have complied with the 
requirement of 2 months of non-weight bearing.

Prognosis factors: Although long-term success is difficult 
to predict, analysis of those results suggest that patients with 
the following features have better prognosis:

Short duration of symptoms
Mechanical symptoms
Good articular alignment
Unstable meniscal lesions
Loose bodies
Isolated chondral lesions with flaps
Minimal radiographic signs of degeneration

The following situations have a less favorable prognosis:

Pain at rest
Chronic pain
Malalignment in varus or valgus
Decrease of radiological articular space
Diffuse or more extensive chondral lesions
Severe patello-femoral osteoarthritis
Chondrocalcinosis
Bipolar lesions

Conclusions

Understanding surgical indications and clinical results, 
arthroscopy is useful in the treatment of degenerative arthri-
tis of the knee [7]. It offers relief from pain and disability in 
two-thirds of cases during 3 years or more. It has low mor-
bidity and does not preclude future reconstructive proce-
dures. Many patients are pleased to find a less aggressive 
alternative to arthroplasty. The procedure has achieved better 

results in patients with pain of short duration, normal lower 
extremity alignment, and mechanical symptoms. Patients 
must have a realistic expectation that the goal of arthroscopy 
is to diminish pain and improve function and not to cure the 
arthritis.
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Sports Injuries of the Hip Region

Ömür Çağlar and Mümtaz Alpaslan 

Introduction

Sports injuries around the hip joint are less frequent than 
injuries of the more distal part of the lower extremities [2]. 
Previous studies have shown that the rate differs from 5% to 
9% among high-school athletes. These injuries can be diffi-
cult to diagnose and rehabilitation programs can last longer 
than anticipated. Appropriate and well-organized approach 
to treatment is mandatory.

Most of the injuries leading to hip pain are extra-articular, 
caused by muscular strains and sprains [7]. Intra-articular 
pathologies are less common, which include stress fracture 
of the femoral neck, labral tears and degenerations, chondral 
injuries, loose bodies, etc. The diagnostic tools regarding hip 
injuries have evolved during the past decade with the recent 
improvements in imaging technologies, especially magnetic 
resonance imaging and hip arthroscopy. Labral tears associ-
ated with femoroacetabular impingement syndrome (FAI) 
have become an important cause of early hip pain leading to 
early-onset of degenerative arthritis. Treatment of FAI is 
becoming more popular with the aim of restoring the normal 
hip anatomy.

History

The differential diagnosis of the hip pain in the athletic popu-
lation is very important and sometimes can be challenging. 
Without an appropriate workup, hip pain in an athlete should 
not be attributed to a simple muscle sprain.

The history should begin with the starting time of the 
complaint. The location of the pain, any swelling or history 
of a traumatic event and developmental abnormality should 
also be questioned. Mechanical symptoms such as locking, 
catching should be noted, which mostly indicate an intra-
articular pathology. Mechanical symptoms such as clicking 
may show a problem which usually can be managed with 
surgical interventions.

Risk factors that may contribute to avascular necrosis 
of the hip such as systemic steroid therapy should also be 
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questioned. Common extra-articular causes of hip symptoms 
should be discussed during the evaluation of the patient. 
Referred pain from lumbar spine problems, sacroiliac joint, 
or sciatic nerve should not be undermined.

Hamstring and ischial symptoms can easily be diagnosed. 
The sprains of hip flexors and adductors may be misdiag-
nosed as intra-articular pathologies unlike abductor problems 
or trochanteric bursitis. Deep tendinous structures such as 
piriformis tendon or ilio-psoas pathologies may mimic intra-
articular causes and may be difficult to differentiate. The 
presence of popping or clicking can sometimes occur from 
extra-articular problems as sometimes can be totally normal. 
The pain is usually aggravated with activities. Activities with 
rotational maneuvers such as turning toward the affected side 
may alter the complaints. Rising from a chair or climbing up 
and down the stairs may produce symptoms.

The common pathologies that can present with hip pain 
are summarized in Table 1.

Physical Examination

The examination begins with the inspection. There can be 
an antalgic gait typically with a shortened stance phase. 
In the stance phase, the patient usually slightly flexes the 
hip to relieve the pain. There can be some degree of limping 
due to abductor problems. A complete neurovascular exam-
ination should be performed, and gait, posture, muscle con-
tractures, limb-length inequality, and scoliosis should be 
assessed. Range of motion of the joint should also be exam-
ined. The degree of flexion should be noted and any possi-
ble flexion contracture should be examined with Thomas 
test. Extension also should be recorded with the patient in 
prone position. Rotation of the joint can be examined with 
the hip in 90° of flexion. Abduction and adduction should 

also be noted. If there is a suspicion for a specific muscle 
group, resisted active motion of the joint may mimic the 
original symptoms.

There are also special tests to evaluate different patholo-
gies of the hip. Straight leg raising test is important for exam-
ining the signs originating from the lumbar spine. The Faber 
Test (flexion-abduction-external rotation) has been described 
for the pathologies of the hip and the sacro-iliac joint. The leg 
rolling test which is applied in supine position with gentle 
movements of the thigh rolling internally and externally 
shows only the movement of the hip without applying any ten-
sion to the surrounding structures suggests an intra- articular 
involvement if it is positive [6, 24]. Patients with femoroac-
etabular impingement have restrictive range of motion espe-
cially with flexion, abduction, and internal rotation. The 
impingement sign is a provocative test showing anterior FAI 
is positive while pain is triggered with the hip in 90° of flex-
ion and adduction with slightly forced internal rotation. Pain 
in the buttock which can be provoked with extension and 
external rotation is a sign for posterior impingement [27].

Radiographic Examination

Plain radiograms should be a routine part of evaluation of 
any hip problem of an athletic population. Antero-posterior 
radiograph of the pelvis and lateral imaging of the involved 
hip should be routinely ordered. Additional radiographs such 
as cross-table lateral view or false profile view can be ordered 
for further diagnosis. One should look for any degree of dys-
plasia; collum-diaphyseal angle; proximal femoral abnor-
mality or osseous bumps. Special attention should be for 
femoral neck including the cortical integrity and the trabecu-
lar pattern for the possibility of a non-displaced fracture of 
the femoral neck. MRI and MRI-arthrography can show the 
damage of the intra-articular cartilage, the acetabular labrum 
tears or degeneration; allows better determination for stress 
fracture or an avascular necrosis of the femoral head.

Common Hip and Pelvic Injuries

Muscle Strains

One of the most common injuries around the hip joint is mus-
cle strain in the athletic population. Strain or tear frequently 
occur near the myo-tendinous junction, although they also 
may result from the muscle belly. The commonly injured 
muscles are those which cross to joints during an eccentric 
contraction [2, 13]. The adductor muscles are frequently 
involved in football players. Groin pain is the most common 
complaint. Strains of rectus femoris muscle may result from 

Table 1 Common causes of hip pain in sports injuries

Acute

 Hip dislocations and instability

 Muscle strains

 Avulsion fractures and apophyseal injuries

 Proximal femoral fractures

 Acetabular labral tears and loose bodies

Chronic

 Femoroacetabular impingement

 Snapping hip syndrome

 Piriformis syndrome

 Stress fractures

 Bursitis

 Osteitis pubis

 Dysplasia of the hip
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hip flexion moment such as kicking or sprinting. Physical 
examination shows weak and painful extension of the knee 
with an anterior swelling and or mass. MRI imaging may be 
used as a diagnostic tool with probability for adding a clue 
for recovery period. Greater than 50% of the cross-sectional 
area involvement, fluid collections, and deep muscle tears 
were the factors associated with a longer recovery [2].

Initial treatment begins with rest, ice, and a compressive 
bandage. After the pain is controlled, gentle range of motion 
exercises can begin. After full ROM has been achieved, 
strengthening exercises can begin. Return to full activity 
should be carefully planned after full recovery has been 
observed with a pain-free movement [14].

Avulsion Fractures

Avulsion fractures are a relatively common injury in adoles-
cent athletes. The mechanism of the injury is mostly a sud-
den, strong contraction of a muscle through the attachment 
to the apophysis [1, 28]. The apophysis is particularly prone 
to injury because of its biomechanically weak properties. 
Among 91 pelvic avulsion fractures reported in four series, 
38% were ischial, 32% were ASIS, and 18% were antero-
inferior iliac spine. Avulsion of the iliac spine and lesser tro-
chanter were the remaining sites [1, 22]. Avulsion fracture of 
the ischial tuberosity generally is a result of maximum ham-
string contraction. Activities such as sitting or walking can 
be painful. Treatment of these fractures is mostly conserva-
tive including rest, ice, nonsteroidal anti-inflammatory drugs. 
Some authors advocate surgical intervention if the displace-
ment is more than 2 cm [1].

Avulsion of anterior superior iliac spine (ASIS) occurs 
after a forceful contraction of the sartorius muscle. This gen-
erally occurs with hip extension and knee flexion during run-
ning or kicking. Excessive callus formation may be painful, 
especially fractures of the ischial spine that can impair sport 
activities. The patients with persistent symptoms may need 
an excision of the ischial apophysis [22].

Stress Fractures of the Femoral Neck

Femoral neck stress fractures were first reported in military 
recruits undergoing training but since then these injuries have 
been described in athletes, particularly runners [1, 9, 15]. 
Female athletes can have a susceptibility to fractures espe-
cially those suffering from eating and hormonal disorders 
[4]. Stress fractures of the femoral neck can be seriously 
complicated especially if the fracture displaces. Avascular 
necrosis and non-union of the fracture are reported, so accu-
rate diagnosis should be made as soon as possible [21]. 

Typically, an athlete will report a pain deep inside around the 
hip that worsens with weight bearing. The pain may radiate 
to the knee. Point tenderness is usually not present. If the 
radiographic findings are subtle or absent, MRI can be used 
to detect bone marrow edema and outlined by the high-signal 
intensity of adjacent bone marrow [10].

Treatment of the fracture is based on the type of the frac-
ture with the degree of displacement. All displaced fractures 
requires internal fixation [1, 21]. Stress fractures of the fem-
oral neck can be divided into two types: the fractures that are 
on the tensile side of the neck are more prone to complica-
tions and displacement than fractures on the compressive 
side. Compression-type fractures have better prognosis and 
can be followed closely for any chance of displacement. 
Usually, protective weight bearing with serial radiographic 
examinations is adequate. Tension-type fractures should 
undergo internal fixation [9, 21].

Hip Instability

Hip instability is uncommon in the athletic population, hav-
ing a range from subluxation to complete dislocation. Hip 
dislocations can be observed in American football, rugby, 
skiing, jogging, basketball, soccer, biking, and gymnastics 
[23]. Patients with posterior dislocation of the hip present 
with leg flexed, internal rotated, and adducted. And those 
with anterior dislocation present with abduction and external 
rotation of the extremity. Hip dislocation is an orthopedic 
emergency and should be reducted as soon as possible. Most 
hip dislocations during sports are pure dislocations and due 
to relative low energy injury, have no associated acetabular 
fractures. Surgical stabilization is often not necessary and hip 
joint motion can be ordered. Hip arthroscopy can have a 
major role for the treatment of intra-articular pathologies but 
usually should be planned after 6 weeks if there are no loose 
bodies present. Six weeks after the event, MRI can be ordered 
to demonstrate an early AVN [19, 23]. Traumatic posterior 
subluxation of the hip may be associated with posterior 
acetabular lip fracture, hemarthrosis, and iliofemoral liga-
ment disruption. The hemarthrosis should be aspirated under 
image control to decrease the intracapsular pressure. Patients 
should be kept non-weight bearing for 6 weeks and can return 
to sports if there is no sign of osteonecrosis after a control 
with MRI and free and painless range of motion [2, 18].

Piriformis Syndrome

Piriformis syndrome is the entrapment of the sciatic nerve 
by the muscle itself near the greater sciatic notch or by 
chronic irritation. Clinical signs of the syndrome can be pain 
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or cramping in the buttock with or without an extension 
through the leg. Activities that involve flexion, internal rota-
tion may alter the pain. Skiing, ice skating, and gymnastics 
are the most common associated sports. Straight leg raising 
test can be possible during the clinical examination. Pain on 
forced internal rotation with the extension of the thigh may 
be positive. Radiological studies can be used to eliminate 
other sources such as lumbar disc herniation. Immediate 
relief of the pain with an infiltration of a local anesthetic can 
be helpful in diagnosis. Management usually consists of 
physical therapy with the help of nonsteroidal anti-inflam-
matory drugs. Surgery should be considered only if physical 
therapy fails.

Snapping Hip Syndrome

Coxa saltans or snapping hip syndrome is a mostly tendinous 
problem caused by the ilio-tibial band or iliopsoas tendon 
with a feeling of snapping with or without pain in the hip 
region. Both pathologies, either the rubbing of the ilio-tibial 
band over the greater trochanter or snapping of the ilio-psoas 
tendon over lesser trochanter, the femoral head, or ilio-
pectineal eminence can usually be treated conservatively.

Snapping occurs due to rubbing of the ilio-tibial band over 
the greater trochanter when the hip is brought from extension 
to flexion [17]. Dancers, cyclists, or runners are more prone 
to the pathology. Snapping is usually painless but one can 
have symptoms related to the bursitis of the greater trochanter. 
Treatment usually consists of stretching of the band with anti-
inflammatory medication. Surgical treatment may be indi-
cated for chronic cases, usually consisting of Z lengthening. 
The snapping of the ilio-psoas tendon should be distinguished 
from an intra-articular hip pain and differential diagnosis is 
important. Running, tennis, swimming, football can be asso-
ciated with the pathology. The snapping can be tested with 
bringing the hip from a position of flexion, external rotation, 
and abduction to extension. The conservative treatment con-
sists of stretching the hip flexors with anti-inflammatory 
medication. Surgical treatment is the release of the tendon 
either arthroscopic or in an open procedure [5, 17, 29].

Femoroacetabular Impingement

Femoroacetabular impingement (FAI) is a recently described 
mechanical abnormality with pathological contact stresses 
around the hip joint and may lead to early osteoarthritis of 
the hip and groin pain in adolescents and active adults [16]. 
FAI can be explained as “premature pathologic contact 
between the femur and acetabulum during normal range 

of hip joint motion” [27]. Pincer type of impingement which 
is more common in middle-aged women is because of gen-
eral or local overcoverage of the acetabulum. The first 
structure that is damaged in the pincer type of impingement 
is the labrum. Consequently, with the bone apposition in 
time the labrum becomes thinner and labral ossification 
may occur [12].

In cam type FAI, an aspherical portion of the femoral 
head–neck junction is forced into the acetabulum especially 
during flexion and internal rotation [26]. The resulting 
pathology ends with separation of the labrum from the sub-
chondral bone. The amount of the acetabular cartilage dam-
aged with the cam type of acetabular impingement is larger 
than the pincer type. The majority of patients, however, have 
both types of the pathologies termed as mixed typed of pin-
cer and cam impingement [3].

Philippon et al. have pointed out that FAI is one of the 
major causes of hip pain, reduced range of motion, and 
decreased performance in the sports population [20]. 
Hockey, ballet, football, and soccer are the most common 
sports with such an injury. The initial stage of the disease is 
manifested with anterior groin pain which is worse with the 
use of the hip during sports. On clinical examination, patients 
have usually positive impingement sign with hip motion. 
The “Drehman sign” is unavoidable passive external rota-
tion of the hip with flexion [27].

The diagnosis of the femoroacetabular impingement 
depends on positive clinical findings with additional imaging 
studies mostly conventional AP and cross-table lateral view 
of the pelvis and MRI arthrography. Pincer type of impinge-
ment is evaluated by measuring the acetabular coverage and 
examining the relationship of the anterior and posterior walls 
of the acetabulum. Coxa profunda or protrusio acetabuli 
should be noted as global over-coverage. Relative anterior 
over-coverage is termed as “acetabular retroversion” and is 
diagnosed when the anterior acetabular wall lies more lateral 
than the posterior wall in the cranial aspect of the acetabulum 
[25]. Cam impingement can be diagnosed with an aspheric 
portion of the femoral head. The MRI arthrography can be 
more precise for showing the extent of articular cartilage 
damage or labral tears (Fig. 1).

The treatment of FAI usually requires surgical interven-
tion as conservative treatment does not address the morpho-
logical pathology. Surgery should be performed for correcting 
the abnormality and gaining hip range of motion within nor-
mal limits. Surgical dislocation, which is defined by Ganz 
et al. [11], can be used for both types of impingement. In 
case of pincer-type FAI resection, osteoplasty of the over-
covering acetabulum can be performed. The labral detach-
ment and refixation can be ordered with this procedure. 
Osteochondroplasty of the aspherical femoral head can be 
done either with open or, more recently, in an arthroscopic 
way. Early results of arthroscopic cam-type FAI treatment is 
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showing promising results [8, 20]. Acetabular reorientation 
osteotomy can be performed in hips with retroverted acetab-
ulum to antevert the acetabulum.
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Total Hip Arthroplasty and Sport Activity

Roberto Binazzi 

Total Hip Arthroplasty (THA) is probably the most fre-
quently performed orthopaedic operation today and one 
could say that it has improved the quality of life of many 
people radically who otherwise would be condemned to a 
sedentary life. Until a few years ago, though, the excellent 
results of the first post-op period were followed, after a 
few years, by a progressive wear of the articular surfaces, 
leading to gradual loosening of the prosthetic components. 
This was mainly due to polyethylene (PE) wear producing 
an enormous amount of particles that were overcoming the 
elimination capacity of the lymphatic system, activating an 
inflammatory response.

This phenomenon was more frequent and more intense in 
younger patients because of their high functional demands.

The conclusion was that usually Orthopaedic Surgeons 
had to discourage patients below 50 years from undergoing a 
total hip replacement.

More recently, with the introduction of bearings alternative 
to conventional PE, such as Metal-on-Metal, Cross-linked PE 
or Ceramic-on-Ceramic, this attitude has drastically changed.

In fact, with Metal-on-Metal but above all with Ceramic-
on-Ceramic, wear of articular surfaces has been reduced to 
almost zero with expectancy of a very long implant duration. 
The big advantage of Ceramic over all other materials is that 
the minimal amount of debris which is generated is totally 
bio-inert.

But, what happens when the patient is a high-level 
athlete?

First of all, we must say that most studies on the subject 
are not prospective randomised but retrospective and limited 
to anecdotal results that are inadequate for broad application 
across all patient population.

According to most authors [1–4], returning to competitive 
sports after joint replacement is extremely difficult: almost 
all professional athletes who tried to accomplish this goal 
failed. The most important negative factors of sport activity 
on a THA are:

1. Frequency of repetitive motions
2. Magnitude of joint loading
3. Potentials for falls and/or contacts
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These factors produce their negative effects through 
TORSIONAL LOADING and IMPACT that influence 
negatively

PROSTHETIC FIXATION and
WEAR OF ARTICULAR COMPONENTS

These are the key factors for long-term durability of the 
implant.

In recent years, enormous steps have been made in order 
to improve the characteristics and consequently the quality 
of bearing surface materials.

Today, metal and ceramic couples show no wear and the 
newest cross-linked PE shows negligible wear after 27  million 
cycles in hip simulators. Thus, the bearing surfaced is not the 
weak link any more in the total joint system.

The only real problem today appears to be components 
fixation and how the attachment can be improved. Keeping 
in mind that repetitive motions, magnitude of loading and 
trauma are the three factors able to destabilise an implant, the 
question is how much is too much exercise and how much 
impact loading is tolerable?

I have analysed and summarised the literature extracting 
the level of impact loading (Table 1) and the guidelines for 
sporting activities after THA (Table 2).

Sports have been divided into four groups, Allowed, 
Allowed with experience, Not Allowed and Undecided. It is 
an interesting principle that sports potentially very danger-
ous like downhill skiing, ice-skating and rollerblading are 
allowed, provided that the athlete is technically trained. In 
fact, these sports performed by an expert require a minimal 
amount of muscular strength and torsional loading, while if 
the athlete is not technically skilled can become extremely 
dangerous. It is also important to note that jogging is included 
among the “not allowed” activities together with all contact 
sports (football, soccer, basket), snowboarding and squash. 
Considering the diffusion of jogging in the world, especially 
in Anglo-saxon countries, this is a strong point of view.

The consequences of engaging in such activities can result 
in major complications and the need for further surgery with 
predictably poorer outcomes is a real risk.

Conclusions

THA can give today excellent results even in young athletes 
with high functional demands.

While the problem of components wear appears to be 
solved with the introduction of the new strengthened ceramic, 
of the second generation metal-on-metal and of the new 
cross-linked PE, component fixation can still be improved.

The factors that influence most negatively the attachment 
of an implant to the bone are torsional loading and impact. 

Table 1 Sports participation for patients with joint replacement based 
upon level of impact loading

Level of impact Sport Observations

Low

Cycling

Golf

Swimming

Walking

Ballroom dancing

Potentially low

Bowling These activities are 
desirable for most 
patients but may increase 
rate of wear

Rowing

Sailing

Speed walking

Table tennis

Jazz dancing

Intermediate

Hiking Appropriate only for 
selected patients
Excellent physical 
condition necessary

Horseback riding

Ice skating

Tennis

Rock climbing

Downhill skiing

High

Baseball To be avoided

Contact sports 
(soccer, football, 
basket)

Jogging

Water skiing

Volley ball

Table 2 Sports allowance for patients with joint replacement

Allowed Allowed with 
experience

Not allowed Undecided

Golf Downhill skiing Squash Singles tennis

Swimming Weightlifting Jogging Martial arts

Walking Skating Contact sports 
(football, 
soccer, basket)

 
Doubles 
tennis

Rollerblading

Dancing Pilates Baseball

Bowling Snowboarding

Hiking High impact 
aerobics

Road cycling

Rowing

Elliptical
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The safest sport activities are obviously those having the low-
est level of impact loading, such as walking, golf, swimming, 
cycling, while contact sports, jogging, and baseball should be 
avoided for the high probability of injury to the implant.
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Sports After Total Hip Arthroplasty

Bülent Atilla and Ömür Çağlar 

THA is among the most commonly performed operations in 
Western countries with a remarkable success rate [9]. Every 
year almost 500,000 total hip arthroplasties are performed in 
USA. This figure is about 20–25,000/year in Turkey. The 
projected demand for total joint replacement will increase by 
174% and 673%, respectively, between 2005 and 2030 
because of population aging and wider indications [7] and 
seniors are demonstrating a strong desire to stay active in 
activities of daily living and athletics. Some of these patients 
are fairly young and feel that sporting activities are an inte-
gral part of their lives [3].

Historically, pain relief and compliance to a sedentary life 
were the only requirements for a successful total hip arthro-
plasty (THA). However, improved surgical technique, better 
prosthesis design and fixation have led to better performance 
and further expectations [9]. Currently, patients with total hip 
arthroplasty are often curious about the sports they will be 
able to participate in after the procedure. Despite the cultural 
differences among populations, it is a fact that younger indi-
viduals tend to be more demanding when compared to patients 
who had undergone such a surgery 20 years ago. Today’s 
patients have multiple expectations after total hip arthroplasty 
including active participation in various sports [7].

Before we prescribe sports activity that is suitable for 
total hip prosthesis we need to know the loading properties 
of the normal hip during various sports activities.

Loading of the Joints

Sports impose additional mechanical loads on the hip, 
which theoretically may risk the survival of total hip 
arthroplasty [5]. Excess force loaded on human hip during 
activity in terms of body weight is determined as:

Some deliver more stress and load to the joints. The most 
harmful loads are sudden repeated impacts while running, 
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football, and skiing due to high sudden loading and unload-
ing moments and possibly rotational shear during perfor-
mance. Van den Bogert classified them as “High Impact 
Activities” and [15]:

Joggers are subjected to “sudden and repetitious impact”
Football, rugby, ski involves rotation under load
 Mediolateral and anteroposterior stresses during skiing 
may lead to THA dislocation

Activities are classified in terms of impact level by Clifford 
and Mallon [2] and they recommended guidelines based on 
American Association of Hip and Knee Surgeons. They have 
classified jogging, contact sports, racquetball, high-impact 
aerobics, martial arts as sports inducing high impact; singles 
tennis, doubles tennis, hiking, downhill skiing, snowboard-
ing, weight machines, weightlifting, ice skating, low-impact 
aerobics as intermediate; and bowling, road cycling, danc-
ing, golf, pilates, swimming, walking, stationary bicycle, 
and treadmill as low-impact activities [4].

What Kind of Activities Are Allowed  
for Total Hip Patients?

There is no clear-cut answer to this question and it is interesting 
to note that the correct answer has changed throughout the years 
[16]. Developing surgical techniques, better soft tissue preser-
vation with emphasis on reconstruction of joint mechanics, 
development of wear-resistant material of hip arthroplasty, and 
better fixation have probably positively influenced the accom-
modative potential of THA to various high-impact sports.

 During 1980s and 1990s Walking, golf, bowling, swim-
ming and cycling were allowed, when contact sports and 
water ski were definitely restricted by physicians’ advice. 
Tennis, ski (Alpine) and volleyball were considered to be 
controversial.

In 1999, The Hip Society conducted a survey on 54 of its mem-
bers regarding their recommendations for athletics and sports 
participation for their total hip patients. Among 42 different 
athletic activities they were asked to rate the activity as recom-
mended/allowed, allowed with experience, no opinion, and not 
recommended. The 54 responses were analyzed to determine a 
consensus recommendation for each activity and 73% of agree-
ment was required to achieve significance. If a valid percentage 
was not achieved for either a positive or negative recommenda-
tion, no conclusion was drawn. Most common sports are listed 
according to HSS recommendation level:

Recommended/allowed: Stationary bicycling, ballroom 
dancing, golf, shooting, swimming, doubles tennis, walking

Allowed with experience: Low-impact aerobics, road bicy-
cling, bowling, hiking, horseback riding, cross-country skiing

Not recommended: High-impact aerobics, baseball/soft-
ball, basketball, football, gymnastics, handball, jogging, 
squash, rock climbing, singles tennis, volleyball

No conclusion: Jazz dancing, ice skating, roller/inline 
skating, downhill skiing, weight lifting

Individual sports are subjected to interest according to 
their popularity and investigated as such. Michael Mont [10] 
surveyed the surgeons’ decision for playing tennis after total 
hip arthroplasty and he has received:

Of course, all total hip patients are not similar and there are 
significant differences related to age, level of experience, weight, 
and type of operation that has been performed which contribute 
to different risk groups. In fact, evaluation of the individual pati-
ent demographics and related risk factors are important before 
 prescribing a sporting activity to an individual. These are:

Preoperative level of athletic activity
Successful surgery
Fixation of the implant
Rehabilitation

Complications due to Athletic Activity

Complications of total hip arthroplasty related to sports are 
all well-known common complications of total hip arthro-
plasty. However, the incidence may differ:

Dislocations
Periprosthetic fractures
Implant breakage
Higher revision rate?

The association of high activity level and particle regeneration 
and bone destruction as a tissue response to particles is now a 
well-recognized problem in total joint replacements [6]. 
Currently, there is no evidence-based study that compares two 
different activity level groups to find an answer if individuals 
that are involved in sports activity are more prone to certain 
complications.

Should a Surgeon Encourage  
Sports After THA?

Are there scientific reasons to support sport activity even 
after the total hip arthroplasty or is it a modern-life rumor 
that everyone should participate in some sort of sports for 
their health?

Single 14% Yes

Double 34% Yes

52% No
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As a general approach to that question, The American 
College of Sports Medicine states that 20 min aerobic activ-
ity three times per week leads to physical and physiologic 
well-being, so it is advisable to all individuals who may be 
able to participate including total joint patients.

Pollock has determined that regular exercise can be ben-
eficial for patients with anxiety, depression, obesity, high 
blood pressure, coronary artery disease, diabetes mellitus, 
osteoporosis, and low-back pain [11].

Ries searched for the effect of THA and total knee on 
cardiovascular fitness [12, 13]. Patients with total knee 
arthroplasty performed an exercise test for cardiovascular fit-
ness preoperatively and tested again at 1 year postoperatively 
and at 2 years postoperatively. Another group of patients in 
whom osteoarthritis of the knee was being treated medically 
were tested at the time of enrollment in the study and 1 year 
later. Physical activity had increased in the arthroplasty 
group but not in the control group. He concluded that TKA 
increases workup time, maximum loading, peak oxygen con-
sumption and oxygen intake, and resumption of routine 
walking activities after total knee arthroplasty improves car-
diovascular fitness. His second study investigating the effect 
of total hip arthroplasty on cardiovascular fitness indicates 
that better fitness is associated with a decreased risk for the 
manifestations of coronary heart disease [13].

Return to Sport After Joint Replacement

Patients are interested in continuing sporting activities and 
even advancing their previous activity level with the expected 
relief from pain [17]. If such expectations are not met, there 
may be dissatisfaction with the outcome of technically suc-
cessful surgery [14]. Most common reasons generated by the 
patients for an inability to return to sport because of the rea-
sons attributed to joint replacement were:

Return to sport after joint replacement was questioned on 
patient having THA and hip surface replacement; 34.9% of 
THA patients and 64.3% resurfacing patients were active in 
sports preoperatively. At the time of the last postoperative 
follow-up, 26.4% of THA and 22.7% of hip resurfacing 
patients were unable to return to sports because of joint 
replacement. The difference was insignificant [17]. There 
was no significant difference in rate of return to sports 

after THA, hip resurfacing, and age is the most significant 
 determinant. This suggests that hip resurfacing confers no 
advantage over conventional THR (Fig. 1).

a

b

Fig. 1 (a) A 62-year-old regular tennis player’s both hips were pre-
sented with severe hip destruction. (b) Five years after sequential bilat-
eral hip resurfacing, he regularly participates in doubles tennis since 
5 months after his second hip replacement

Pain 27%

 Inability to do required joint movements 26%

Medical advice by the surgeon 21%

Fear of damaging the joint 10%

Lack of confidence 7%
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Chatterji et al. surveyed patients 1 and 2 years after total 
hip arthroplasty, to ascertain how the arthroplasty had affected 
their recreational and sporting ability [1]. Preoperative and 
postoperative activity along with the time to resume was 
recorded. The study demonstrated that the number of indi-
viduals participating in sport and recreational activities 
increased slightly after the index operation. It also demon-
strated that the number of sporting events decreases after a 
primary THA despite good postoperative scores suggesting a 
well-functioning hip replacement.

Studies have also shown that the sports performed most fre-
quently before operation by patients undergoing joint replace-
ment include cycling, walking, bowling, and swimming.

Role of Preoperative Rehabilitation

Preoperative rehabilitation of scheduled total hip patients has 
been suggested to initiate and improve the postoperative 
rehabilitation eventually leading to better postoperative hip 
scores. Preoperative rehabilitation may decrease hospital 
stay, and contribute to quicker resumption of activities [8].

Will Sports Lead to Early Revision?

Patients with hip replacements can expect 90% or greater 
good-to-excellent results for 10–20 years after hip replace-
ment surgery. There may be concern in a patient with total 
hip arthroplasty whether participation in sports activity con-
secutively will risk early revision. A high level of participa-
tion in sports is associated with an at least twofold increase 
in the polyethylene wear rate after 10 years. This suggests a 
higher risk of aseptic loosening due to granuloma-induced 
osteolysis [4]. Dubs et al. have showed in 1989 that among 
110 THA patients at a mean 55 years of age after 5.8-year 
follow-up revealed revision rates:

w/ sports 1.6% revision
w/o sports 14.3% revision

This paradoxical result was explained by the authors with 
probable higher muscle mass and less bad habits of the 
patients’ participating in sport activities.

Revision Rate

Revision rate among patients with total hip arthroplasty exer-
cising regularly are investigated in the literature by different 
authors. There are some controversial results but, currently, 

common belief states that revision burden of total hip arthro-
plasty is not increased due to regular sports participation.

Summary

 Participation in sports is beneficial for THA patients’ 
health.
Low-impact sports should be preferred.
 Patients should refrain from competitive and sports that 
cause heavy loading.
 Preoperative activity level, previous experience level on 
particular sport, and age are the determinants of return to 
sports after THA.
 Revision risk probably does not increase.
 Patients should consult and follow the orders of a surgeon 
before sports participation after total hip arthroplasty. One 
should discuss specific expectations in detail and individ-
ual patient characteristics during preoperative evaluation.
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Musculoskeletal Tumors and Sports Injuries

Mehmet Ayvaz and Nicola Fabbri 

The practice of sports medicine is an exciting field, cross-
ing many subspecialties and age groups. However, several 
important diagnostic issues may be easily overlooked or 
even totally missed. Sports-related lesions around joints are 
very common in young athletes. Although musculoskeletal 
tumors are much less common, they frequently occur in 
the same age group and also around the joints – most com-
monly knee joint – and patients often recall some traumatic 
event with pain and swelling about the knee [5, 11, 12, 
22, 27–32, 36]. At oncologic musculoskeletal centers, it is 
not too uncommon to see patients who had intra-articular 
procedures for bone or soft tissue knee tumors because of 
erroneous diagnosis of sports injury. The cause of this mis-
diagnosis is usually the lack, insufficiency, or misinterpreta-
tion of preoperative imaging studies [8, 20, 31, 32].

For sports medicine physician, it is crucial to have basic 
knowledge about bone and soft tissue tumors and tumor-like 
conditions that may mimic sports-related injury. Here, the 
key points for the correct diagnosis of these conditions are 
discussed.

Musculoskeletal Tumors and Sports Injury

The exact number of tumors compared with the number of 
true sports injuries occurring in the general population is 
not known. Widhe et al. reported 47% of the patients with 
osteosarcoma and 26% of those with Ewing sarcoma related 
the onset of symptoms to a sports trauma occurring at a 
similar time [43] (Fig. 1). Musculo et al. reported nearly 
4% of knee tumors originally managed as sports injury 
[32]. In their series, 13 among 25 patients treated with 
intra-articular procedures. The type of definitive treatment 
needed was altered for 6 of the 11 patients with a final 
 diagnosis of a benign bone or soft tissue tumor and 9 of the 
14 patients with a malignant tumor also had an alteration in 
the final treatment required, as a result of changes in the 
original tumor stage or because of soft tissue contamina-
tion. According to the initial records, eight of those nine 
patients would have been treated with an intra-articular 
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resection and one would have been treated with an extra-
articular resection, but three were finally treated with an 
extra-articular tumor resection and six had an amputation. 
A delay in the appropriate treatment caused by an inaccu-
rate diagnosis seemed to be the most frequent cause for the 
selection of a more aggressive procedure. Also, in three 
patients, the type of treatment ultimately needed was sub-
stantially altered by tumor contamination of originally 
unaffected tissues caused by the initial procedure.

Caveat Arthroscopy

Schwartz and Limbird reported on 13 patients who had had 
arthroscopy before they eventually were diagnosed as having 
a musculoskeletal tumor that is called caveat arthroscopy [37]. 
Caveat arthroscopy is defined as an arthroscopy done with the 
intention of managing intra-articular nonneoplastic disease 
that suddenly escalates into the surgical treatment of an extra-
articular neoplasm [22, 37]. Diagnoses included five soft tissue 

a

c

b
Fig. 1 Nineteen -year-old 
basketball player admitted to 
emergency department with a 
complaint of left shoulder pain 
after a fall during the match. 
(a) Radiographic examination 
revealed a fracture and infiltra-
tive type of bone destruction. 
(b) MRI shows the extent of 
tumor. Core-needle biopsy 
confirmed the diagnosis of 
Ewing sarcoma. (c) Postoperative 
x-ray after wide-excision and 
prosthetic reconstruction
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sarcomas, five benign bone tumors, two skeletal sarcomas, and 
one benign soft tissue tumor. In each case, there were compli-
cations related to prereferral biopsy. Every subject had at least 
one untoward event consisting of either compartment contam-
ination, inaccurate diagnosis, or delay in diagnosis. None of 
these patients had MRI prior to the arthroscopic procedure, 
reinforcing how adequate imaging should always be obtained 
before surgery. Economic considerations may also play a role 
in the selection of diagnostic technique. Even if MRI is the 
most effective imaging technique for visualizing both sports 
injuries and musculoskeletal tumors, it has been reported as too 
expensive as standard routine method, especially for district 
hospitals in Europe [2, 4, 6, 23, 26]. However, not performing 
such a study may substantially delay diagnosis and have seri-
ous consequences on treatment and prognosis, possibly lead-
ing to an unnecessary amputation and reducing the chances 
of patient’s survival [1]. An intentional arthroscopic biopsy of 
a known juxta-articular mass is never indicated. If a mass is 
unexpectedly encountered during an arthroscopic procedure, 
biopsy should be performed only if the lesion is intrasynovial, 
otherwise it is always contraindicated. The best way to avoid 
the complications of caveat arthroscopy is to obtain always 
adequate imaging preoperatively and avoid biopsy of extra-
articular lesions. In these circumstances, the patient should be 
always referred to a center specialized in the management of 
musculoskeletal tumors.

Soft Tissue Tumors

Although 1% of all neoplasms are soft tissue sarcomas, syn-
ovial sarcoma – one of the most common soft tissue sarco-
mas in adolescents and young adults – is the most likely to 
occur in patients between 15 and 40 years of age, a time 
when many people are active in sports as their favorite spare-
time activity [13–15].

Most sarcomas are characterized by slow growth. The 
clinical presentation of a musculoskeletal tumor may mimic 
that of a sports-related injury [8, 20, 31, 32, 35]. Subfascial 
soft tissue sarcomas may be clinically inapparent or may be 
accidentally detected as a hematoma in association with a 
sports injury (Fig. 2). The frequency of tumors masquerad-
ing as hematomas is approximately 6% of soft tissue sarco-
mas [40]. An exact history regarding the mode of injury may 
be helpful for the physician considering the diagnosis of a 
soft tissue sarcoma. Whenever the clinical findings are inad-
equate regarding the mode of injury, the physician should 
take into account the differential diagnosis of a malignancy. 
Sports physicians should be aware of soft tissue sarcomas 
because, when unrecognized, mismanagement can lead to 
disastrous results. Large hematomas can form within the 
lesions of angiogenic tumors, synovial sarcoma, epithelioid 
sarcoma, extraskeletal Ewing’s sarcoma, leiomyosarcoma, 

a

b

Fig. 2 Thirty -year-old football player seen with a complaint of a swell-
ing at his left thigh for 2 months. He was previously treated as hema-
toma but the swelling had not disappeared. Physical examination 
revealed a 6 × 6 cm of solid mass. MRI examination showed a subfascial 
mass located at the medial thigh. Saggital (a) and axial (b). Biopsy 
confimed the diagnosis of synovial sarcoma
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liposarcoma, rhabdomyosarcoma or malignant fibrous histi-
ocytoma [17, 24, 38, 40, 41].

The key to the correct diagnosis of chronic hematomas is 
the confirmation of a history of trauma [40]. Therefore, a his-
tory of trauma should be taken into account, as it may lead the 
clinician to the correct diagnosis of chronic hematoma. For 
sports physicians, it is important to realize that a prolonged 
and atypical swelling of soft tissue, even in combination with 
a previous traumatic lesion and the absence of subcutaneous 
ecchymosis carries the risk of malignancy. The presence of a 
slightly atypical soft tissue mass should be a cause for suspi-
cion. Any mass that is larger than 5 cm diameter fixed in posi-
tion, or deep requires further evaluation and presumed to be 
malignant proved otherwise. Common findings in the mani-
festation of soft tissue sarcomas are a slowly enlarging mass 
with a variable incidence of pain, tenderness, and edema [38]. 
These clinical findings combined with a well-defined history 
of trauma should induce further investigations.

Malignant tumors with intralesional hemorrhage that mas-
querade as simple hematomas most frequently do not have 
associated subcutaneous ecchymosis. However, sports trauma-
related hemorrhages usually do have associated subcutaneous 
ecchymosis. Although not diagnostic, this differentiation pro-
vides a diagnostic clue suggesting the possibility of tumor-
associated hemorrhage whenever sports physicians evaluate 
suspected hematomas in patients lacking subcutaneous ecchy-
mosis. In the absence of observable ecchymosis, the likelihood 
of tumor-associated hemorrhage is somewhat increased.

Indications for magnetic resonance imaging under these 
circumstances remain controversial; ultrasound has been 
suggested as first-line diagnostic technique but echogenicity 
does not allow for a clear conclusion about the nature of the 
tumor [9, 16, 19, 34, 40]. An intramuscular organized hema-
toma, for example, also shows inner inhomogeneous areas 
as seen in soft tissue sarcomas. Synovial sarcomas presents 
with focal calcifications on plain radiographs in 30–50% of 
cases and by bony erosions in 15–20% of all case, demon-
strating that radiographic and also ultrasound examination 
may be misleading.

Infiltration of the fascia is an important finding for dif-
ferentiation of aggressive soft tissue lesions. The probability 
that a subcutaneous lesion that crosses the superficial fascia 
is malignant is about seven times greater than that for lesions 
that do not cross the fascia [16].

Magnetic resonance imaging is considered to be the proce-
dure of choice for preoperative staging of soft tissue sarcoma 
and to visualize soft tissue and bony invasion [9, 16, 19, 34]. 
Magnetic resonance imaging generally shows an invasive, 
heterogeneous, multiloculated, and particularly septated mass. 
If clinical symptoms are nonspecific and common diagnostic 
techniques such as radiography and ultrasound are not conclu-
sive, use of the MRI technique is essential. On MRI, the mar-
gins and septae of all hematomas should be evaluated carefully 

for thickened areas with gadolinium contrast enhancement. 
Whenever diagnosed, hematomas should be appropriately 
evaluated and followed.

Nevertheless, even MRI does not provide a specific histo-
logic diagnosis. The only way to diagnose soft tissue sarco-
mas definitively is by histopathologic examination. In any 
case of suspicion of soft tissue sarcoma, the best way is to 
refer the patient to primary musculoskeletal oncology center. 

Unplanned excisions or poorly performed biopsy compli-
cate subsequent definitive surgical management of patients 
with soft tissue sarcomas. In sarcomas, it is difficult to reach a 
solid diagnosis using fine-needle aspiration biopsy (cytology), 
because histologic architecture and grading are difficult to 
assess on cytology; difficulties are even greater in case of sar-
coma associated with hematoma [33]. In these instances, either 
a carefully placed core-needle biopsy or an incisional biopsy 
should be considered for diagnosis; it is crucial to obtain an 
adequate tissue volume [3, 25, 39, 42]. Enough tumor material 
is essential for exact histopathologic diagnosis and tumor grad-
ing [3]. Biopsy procedures are therefore subject to guidelines 
designed to ensure that the subsequent surgical resection is 
optimally executed (Table 1). The sampling site should be 
defined on the basis of the imaging results in a conference of 
radiologists, pathologists, and surgeons with the aim of obtain-
ing the most reliably representative, whenever possible non-
ossified or necrotic material. Tourniquet application may be 
performed if considered necessary. Bandaging the extremity 
for exsanguination could cause tumor compression leading to 
dissemination of tumor cells. It appears preferable not to arrest 
the blood supply because hemostasis occurs immediately and 
not until after opening the tourniquet. Hematomas are to be 
avoided because they lead to extensive contamination of the 
surrounding area. Only longitudinal incisions should be made 
on extremities. The most important criterion is to select the 
incision site such that it can be removed en bloc together with 
the tumor in the later tumor resection procedure, because the 
biopsy scar is regarded as being contaminated with tumor 
cells. For bone sarcomas without soft tissue infiltration, the 
intervention is made intentionally through one of the muscle 
compartments. Dissection in the fascial recess between the 
muscle compartments is disadvantageous because the recesses 

Table 1 Principles of biopsy

Incision must be in line with eventual resection incision

Longitudinal incision

Coincide with excision incision

Direct approach through one muscle compartment

Meticulous hemostasis

Close fascia watertight

Seal bone

If needed, drain in line with the incision
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promote contamination with tumor cells. Surgical dissection is 
performed in direct approach to the tumor; dissection towards 
the side is to be avoided. In biopsies, proximity to vessels and 
nerves is to be avoided due to the risk of contamination. If the 
bony lesion has a soft tissue component, the biopsy should be 
taken from this tissue provided that other criteria are not vio-
lated. After collecting sufficient tissue, careful hemostasis is 
performed. At the time of closure, chances of bleeding should 
be minimized because of the potential catastrophic conse-
quences of hematoma infiltrating soft tissue planes. If need, 
the use of a drainis reasonable but the drainage channel should 
not additionally cross or contaminate healthy tissue or com-
partments. This means that the drain should exit immediately 
from the wound angle or about 1 cm in an extension of the 
incision. Skin closure should be atraumatic with intracutane-
ous suture or a narrow transcutaneous suture.

Again, definitive treatment should include principles of 
tumor surgery and multimodal treatment and should be per-
formed in specialized referral centers for musculoskeletal 
tumors [10, 42].

Bone Tumors

The most common bone tumors with similar symptoms to 
the sports-related injury are osteoid osteoma, chondroblas-
toma, giant cell tumor, osteosarcoma, and Ewing’s sarcoma 
[7, 18, 21].

Osteoid osteoma is a benign bone tumor mostly seen 
between ages 5–25 years. It produces an intense pain mostly 
felt at night. Pain subsides with usage of oral salicylates or 
nonsteroidal anti-inflamatory drugs. The most common loca-
tion is the proximal femu, where the lesion may often cause 
referred knee pain mimicking a sport injury (Fig. 3). The 
characteristic radiographic features are the intense periosteal 
and endosteal reactive bone formation with a central radio-
lucent nidus. Nidus can be detected on thin-cut axial com-
puted tomography (CT) scans. Current treatment of osteoid 
osteoma is CT-guided radiofrequency ablation.

Chondroblastoma is a benign bone tumor that is most com-
monly located at epiphysis of long bones. Most of the patients 
are in the second decade of life. The typical symptoms are 
intermittent pain, decreased range of motion, and joint swell-
ing. Radiographically lesion is a well defined, radiolucent, 
round, lytic, epiphyseal lesion. Axial CT scans demonstrate 
punctate calcifications and T2-weighted MRI studies show the 
presence of calcification and hemosiderin. The treatment is 
curettage and bone grafting with or without internal fixation.

Giant cell tumor is a locally aggressive juxta-articular 
tumor with a peak incidence at age of 20–40 years. The most 
common locations are the distal femur, the proximal tibia, and 
the proximal humerus and distal radius. Knee joint is the most 

frequently affected joint. This can lead to confusion of this 
tumor with many sports-related injuries, resulting in a delay in 
diagnosis (Fig. 4). The tumor causes pain, mechanical symp-
toms, and pathological fractures. Radiographically, tumor is a 
purely lytic, eccentric, metaphyseal-epiphyseal subchondral 
lesion. Intralesional curettage and bone grafting is a limb-
sparing option that is associated with good functional and 
oncologic outcomes. However, simple curettage with or with-
out bone graft has recurrence rates of 27–55%. The relatively 
high risk of local recurrence has led several surgeons to use 
local adjuvants such as phenol, liquid nitrogen and polymeth-
ylmethacrylate (PMMA) instead of simple bone grafting of 
the lesion. In addition, the use of PMMA provides immediate 
stability and may allow easier identification of recurrences at 
the interface bone-PMMA. However, whether or not the use of 
local adjuvants reduces the incidence of local recurrence in 
curettage of giant cell tumor remains controversial.

Osteosarcoma is the most commonly seen malignant bone 
tumor [7, 18]. It most commonly occurs in the long bones of 
the extremities near metaphyseal growth plates of adolescent 
patients. Upto 60% of cases knee joint is affected. The most 
common presenting symptom of osteosarcoma is pain, partic-
ularly with activity. The patient often has a history of sports-
related trauma. Physical findings are usually limited to those 
of the primary tumor site. A palpable mass may be present. No 
single feature on radiographs is diagnostic. Osteosarcomatous 
lesions can be purely osteolytic (about 30% of patients), purely 
osteoblastic (about 45% of patients), or a mixture of both. 
Elevation of the periosteum may appear as the characteristic 
Codman triangle. Extension of tumor through the periosteum 
may result in a so-called sunburst appearance. MRI of the pri-
mary tumor is the best imaging technique to assess the 
intramedullary extent of the lesion. Patients with suspected 
osteosarcoma should be referred to orthopedic oncology cen-
ter for diagnosis and further follow-up.

Ewing’s sarcoma is the second most common malig-
nant bone tumor in young patients, and it is the most lethal 
bone tumor [41–43]. This tumor is most frequently 
observed in children and adolescents aged 4–15 years and 
rarely develops in adults older than 30 years. The most 
important and earliest symptom is pain, which is initially 
intermittent but becomes intense. Most patients have a 
large palpable mass, which grows rapidly, with a tense and 
tender local swelling. In the long bones, the tumor is 
almost always metaphyseal or diaphyseal. Most com-
monly, radiographs show a long, permeative lytic lesion in 
the metadiaphysis and diaphysis of the bone, with a promi-
nent soft tissue mass extending from the bone. MRI is 
essential to demonstrate soft tissue involvement because 
the tumor has low signal intensity on T1-weighted images 
compared with the normal high signal intensity of the bone 
marrow. On T2-weighted images, the tumor is hyperin-
tense compared with muscle [18, 21].
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How to Avoid Misdiagnosis

Misdiagnosis of sports medicine injuries of the joints can 
be avoided with a careful history, focused physical exami-
nation, and understanding of the pathoanatomy of the 
affected joints. On examination, if bony tenderness is noted, 
a possible indication of fracture, tumor, or bone infection, 
plain films are typically indicated. Often owing to normal or 
abnormal plain films and a clinical picture suggestive of 
fracture, tumor, or infection, further clarification of an area 
of suspected bony pathology is sought. The continued 
improvement in quality and accessibility of MRI provides 

invaluable information to the physician regarding the man-
agement of bone, joint, and soft tissue disease. A significant 
cost issue continues to dim the light of enthusiasm regard-
ing this modality as some persist in ordering an MRI in 
inappropriate patients. More and more people of all ages 
engage in sports practice and physical activity for good 
health and well-being. The increasing levels of participa-
tion in organized sports and leisure or fitness activities, 
along with the broad range of age groups, have greatly 
expanded the number of sports-related injuries. The increas-
ing incidence of athletic injuries, as a result of more people 
participating in sports, has been in acute injuries and, even 

R L

P

a

b

cFig. 3 Sixteen –year-oldmale 
athlete admitted to sports 
medicine department with the 
complaint of nocturnal knee pain 
that is resolving with analgesics. 
(a) Radiographic examination 
showed a 1 cm of sclerotic lesion 
located at distal femur. 
(b) Computed tomography 
sections showing the nidus of 
osteoid osteoma. (c) Treatment 
of the patient with CT-guided 
radiofrequency ablation
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more, in overuse injuries. This area is becoming an impor-
tant part of medical practice, with a growing impact on 
resources. Therefore, interest in early diagnosis and assess-
ment of athletics injuries has dramatically increased. 
Advances in sports medicine are depending upon improve-
ments in adequate imaging capability to allow for best diag-
nostic accuracy, which in turn determines specific treatment 
and prognosis.

The overlapping clinical appearance of some sports 
related injuries and orthopedic oncologic conditions contin-
ues to associate with delayed diagnosis and incorrect 
arthroscopic management. Sports medicine physicians must 
be familiar with common orthopedic oncologic conditions 
because of this not uncommon differential dignosis in skel-
etally immature and young adult patients. To avoid misdiag-
nosis, appropriate, good quality radiographs and selective 
MRI studies should be obtained before any invasive proce-
dure such as arthroscopy. Imaging studies should be care-
fully reviewed by the surgeon and radiologist. If any lesion 
is discovered, it should be carefully evaluated surgery. 
Thorough history and physical examination with attention 
to possibility of referred pain is crucial to diagnosis and 
proper management. Arthroscopic biopsy is only reasonable 
if the diagnosis of pigmented villonodular synovitis, synovi-
tis or synovial chondromatosis is radiologically obvious. 

In case of frank neoplastic condition, the patient should be 
referred to an orthopedic oncologist.
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Anesthesia Managements for Sports Injuries

Fatma Sarıcao lu and Ülkü Aypar 

Anesthesia Management and Postoperative 
Analgesia for Sports Injury

Sports injuries, which are injuries that result from acute 
trauma or repetitive stress associated with athletic activities 
have to be treated with surgical procedures and anesthetic 
management can be necessary. There is no one anesthetic to 
meet the needs of a patient. Rather, an anesthetic plan should 
be formulated that will optimally accommodate the patient’s 
baseline physiological state, including any medical condi-
tions, previous operations, the planned procedure, drug 
sensitivities, previous anesthetic experiences, and psycho-
logical makeup (Table 1). Preoperative physical status clas-
sification of patients according to the American Society of 
Anesthesiologists is useful in planning anesthetic manage-
ment, particularly monitoring techniques (Table 2). Routine 
laboratory testing for healthy asymptomatic patients is not 
recommended when the history and physical examination 
fail to detect any abnormalities, but many physicians con-
tinue to order a hematocrit or hemoglobin concentration, 
urine analysis, serum electrolyte measurements, coagulation 
studies, an electrogram, and a chest radiograph for all patients 
[1, 4]. An informed consent must be taken from the patient 
before the operation and must always be obtained for general 
anesthesia in case other techniques prove inadequate. 
Documentation is important for both quality assurance and 
medico legal purpose. Preoperative notes, intraoperative 
anesthesia records, and postoperative notes should be written 
in the patient chart [13].

General Anesthesia

General anesthesia is appropriate in hemodynamically unsta-
ble patients for life-threatening injuries such as head and spi-
nal cord trauma. Any trauma victim with altered consciousness 
must be considered to have brain injury [10]. Common injuries 
requiring immediate surgical intervention include brain hema-
toma. The degree of physiological derangements following 

F. Sarıcao lu ( ) and Ü. Aypar 
Department of Anesthesiology and Reanimation,  
Hacettepe University, Sihhiye, 06100 Ankara, Turkey 
e-mail: fatmasaricao@yahoo.com; uaypar@hacettepe.edu.tr

Contents

Anesthesia Management and Postoperative  
Analgesia for Sports Injury ........................................................ 981
General Anesthesia ....................................................................... 981
Regional Anesthesia ...................................................................... 982

Neuraxial Blockade in the Setting  
of Anticoagulants and Antiplatelet Agents ............................... 983

Peripheral Nerve Blocks ............................................................. 983

Local Infiltration ......................................................................... 984

Field Block ................................................................................... 984

References .................................................................................... 985



982 F. Sarıcao lu and Ü. Aypar

spinal cord injury is proportional to the level of the lesion. 
Great care must be taken to prevent further injury during 
transportation and intubation. Short-term high-dose corticos-
teroid therapy with methylpredisolone (30 mg/kg followed 
by 5.4 mg/kg/h for 23 h) improves the neurological outcome 
of patients with spinal cord trauma [3].

Airway management is critical because the most common 
cause of death with acute cervical spinal cord injury is respi-
ratory failure. All patients with severe trauma or head inju-
ries should be assumed to have an unstable cervical fracture 
until proven otherwise radiographically.

Fiberoptic-assisted awake intubation may be necessary 
with general anesthesia induced only after voluntary upper 
and lower extremity movement is confirmed.

In a truly emergent situation, oral intubation of trachea 
with direct laryngoscopy (minimal flexion or extension of 
the neck) is the usual approach [6, 12].

Regional Anesthesia

Neuraxial blocks: Almost all operations below the neck can 
be performed under neuraxial anesthesia. Some clinical stud-
ies suggest that postoperative morbidity and possibly mortal-
ity may be reduced when neuraxial blockade is used either 
alone or in combination with general anesthesia in some set-
tings (Table 3).

Spinal and epidural blocks are also known as neuraxial 
anesthesia. Each of these blocks can be performed as a single 
injection or with a catheter to allow intermittent boluses or 
continuous infusion.

Neuraxial techniques have proven to be extremely safe 
when managed well; however, there is still risk for compli-
cations and we have to know the contraindications and 
avoid performing it. (Table 4). Adverse reactions and com-
plications range from self-limited back pain to neurological 
deficits [8].

Table 1 The anesthetic plan

Premedication
Anesthesia
 General
  Airway management
  Induction
  Maintenance
 Regional
  Technique
  Agents
 Monitored anesthesia care
  Supplemental oxygen
  Sedation
 Intraoperative management
  Monitoring
  Positioning
  Fluid management
 Postoperative management
  Pain control
  Hemodynamic monitoring

Table 2 Preoperative physical status classification of patients according 
to the American Society of Anesthesiologists

Class Definition

P1 A normal healthy patients

P2 A patient with mild systemic disease 
(no functional limitations)

P3 A patient with severe systemic disease 
(some functional limitations)

P4 A patient with severe systemic disease 
that is a constant threat to life (function-
ally incapacitated)

P5 A moribund patient who is not expected 
to survive without the operation

P6 A brain-dead patient whose organs are 
being removed for donor purposes

E If the procedure is an emergency, the 
physical status is followed by “E”

Table 3 Advantages of regional anesthesia versus general anesthesia 
for orthopedic surgical procedures

Improved postoperative analgesia
Decreased incidence of nausea and vomiting
Less respiratory and cardiac depression
Improved perfusion because of sympathetic nervous system block
Decreased blood pressure
Blood flow redistribution to large caliber vessels
Locally decreased venous pressure

Table 4 Contraindications to neuraxial blockade

Absolute
 Infection at the site of injection
 Patient refusal
 Coagulopathy
 Severe hypovolemia
 Increased intracranial pressure
 Severe aortic and mitral stenosis

Relative
 Sepsis
 Uncooperative patients
 Preexisting neurological deficits
 Stenotic valvular heart lesions
 Severe spinal deformity

Controversial
 Prior back surgery at the site of injection
 Prolonged operation
 Major blood loss



Anesthesia Managements for Sports Injuries 983

Neuraxial Blockade in the Setting 
of Anticoagulants and Antiplatelet Agents

Oral anticoagulants: If neuraxial anesthesia is to be used in 
patients on long-term warfarin therapy, it must be stopped and 
a normal prothrombin time (PT) and international normalized 
ratio (INR) should be documented prior to the block [5].

Fibrinolytic and thrombolytic drugs: Patients receiving 
fibrinolytic and thrombolytic drugs should be cautioned against 
receiving spinal or epidural anesthetics except in highly 
unusual circumstances. Data are not available to clearly out-
line the length of time neuraxial puncture should be avoided 
after discontinuation of these drugs.

Standard (unfractionated) heparin: During subcutaneous 
(mini-dose) prophylaxis, there is no contraindication to the 
use of neuraxial techniques. The risk of neuraxial bleeding 
maybe reduced by delay of the heparin injection until after 
the block, and maybe increased in debilitated patients after 
prolonged therapy. Since heparin-induced thrombocytopenia 
may occur during heparin administration, patients receiving 
heparin for greater than 4 days should have a platelet count 
assessed prior to neuraxial block and catheter removal.

Low-molecular weight heparin (LMWH): Patients on pre-
operative LMWH thromboprophylaxis can be assumed to 
have altered coagulation. In these patients, needle placement 
should occur at least 10–12 h after the LMWH dose.

Patients receiving higher (treatment) doses of LMWH, 
such as enoxaparin 1 mg/kg every 12 h, enoxaparin 1.5 mg/kg 
daily, dalteparin 120 U/kg every 12 h, dalteparin 200 U/kg 
daily, or tinzaparin 175 U/kg daily will require delays of at 
least 24 h to assure normal hemostasis at the time of needle 
insertion.

Neuraxial techniques should be avoided in patients admin-
istered a dose of LMWH 2 h preoperatively (general surgery 
patients), because needle placement would occur during 
peak anticoagulant activity.

Postoperative LMWH: Patients with postoperative initia-
tion of LMWH thromboprophylaxis may safely undergo sin-
gle injection and continuous catheter techniques. Management 
is based on total daily dose, timing of the first postoperative 
dose, and dosing schedule.

(a) Twice daily dosing. This dosage regimen maybe associ-
ated with an increased risk of spinal hematoma. The first 
dose of LMWH should be administered no earlier than 
24 h postoperatively, regardless of anesthetic technique, 
and only in the presence of adequate (surgical) hemosta-
sis. Indwelling catheters should be removed prior to ini-
tiation of LMWH thromboprophylaxis. If a continuous 
technique is selected, the epidural catheter maybe left 
indwelling overnight and removed the following day, with 
the first dose of LMWH administered at least 2 h after 
catheter removal.

(b) Single daily dosing. This dosing regimen approximates 
the European application. The first postoperative LMWH 
dose should be administered 6–8 h postoperatively. The 
second postoperative dose should occur no sooner than 
24 h after the first dose. Indwelling neuraxial catheters 
maybe safely maintained. However, the catheter should 
be removed a minimum of 10–12 h after the last dose of 
LMWH. Subsequent LMWH dosing should occur a mini-
mum of 2 h after catheter removal.

Complications of neuraxial blocks: Complications of epidu-
ral neuraxial anesthesia range from the bothersome to the 
crippling and life threatening [9] (Table 5).

Peripheral Nerve Blocks

The use of peripheral nerve blocks (PNB) is increasing; they 
are being used as the primary and sole anesthetic technique to 
facilitate painless surgery, supplemented with monitored 
anesthesia care (moderate sedation) [7]. The use of peripheral 

Table 5 Complications of neuraxial anesthesia

Adverse response
 Urinary retention
 High block
 Total spinal anesthesia
 Cardiac arrest
 Anterior spinal artery syndrome
 Horner’s syndrome

Complications related to needle/catheter placement
 Trauma
  Backache
  Dural puncture/leak
   Postural puncture headache
   Diplopia
   Tinnitus
 Neural injury
  Nerve root damage
  Spinal cord damage
  Cauda equina syndrome
 Bleeding
  Intraspinal/epidural hematoma
 Misplacement
  Inadequate anesthesia
  Subdural block
  Inadvertent intravascular injection
 Arachnoiditis
 Menengitis
 Epidural abscess

Drug toxicity
 Systemic local anesthetic toxicity
 Transient neurological symptoms
 Cauda equina syndrome
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nerve stimulator (PNS) as an aid to nerve localization has an 
accepted place in the practice of regional anesthesia. 
Neurostimulation is the most commonly used technique for 
locating the nerves. Nevertheless, neurostimulation is a blind 
technique in which performance of percutaneous puncture is 
based on external references or landmarks. The use of imag-
ing techniques, specifically ultrasonography (US), has pro-
duced a conceptual change based on the fact that the technique 
is performed under direct puncture visualization and, there-
fore, constitutes a much more anatomic approach.

We can use PNB especially at extremity surgeries and for 
analgesia to the fractures. Surgical anesthesia and analgesia of 
the upper extremity and shoulder can be obtained following 
neural blockade of the brachial plexus (C5-T1) or its terminal 
branches at several sides. Blockade of the sciatic and femoral 
nerve are useful for many surgical procedures involving hip, 
knee, or distal extremity. These nerves can be successfully 
blocked at numerous sites along its course. We have to avoid 
overdose of the local anesthetics in this technique (Table 6).

Local Infiltration

One of the simplest and earliest techniques of providing anes-
thesia is local infiltration or field block, which is used primar-
ily by the surgeon. The objective of local infiltration is to 
provide somatic sensory analgesia at the site of incision by 
infiltrating a field of local anesthetic agent subcutaneously. 
The infiltration should be carried deeper into the muscle layer 
and parietal serosal layer as well as the periosteum to provide 
incision analgesia. The local anesthetic agent can be com-
bined with a vasoconstrictor agent, such as epinephrine, to 
provide a relatively dry field and improve hemostasis. Another 
advantage of using local infiltration as an anesthetic technique 
is the ability to use large volumes of dilute local anesthetic 
solutions. Lidocaine in the range of 0.55% or bupivacaine in 
the range of 0.2–0.25% is sufficient to provide incisional 
analgesia during the postoperative period. (max dose; lido-
caine 5 mg/kg, bupivacaine 2 mg/kg). The most commonly 
encountered complication of this technique is systemic toxic-
ity from inadvertent overdose. Achilles tendon ruptures can 
be operated with this kind of anesthesia technique [2].

Field Block

Field block is a special form of local infiltration that takes 
advantage of the subcutaneous course of many of the soma-
tosensory cutaneous nerve branches. Blockade of a larger 
area can be accomplished by infiltrating the subcutaneous 
courses of the branches more proximally than the incision 
area. This technique allows less volume of a more con-
centrated solution of local anesthetic to block a larger area. 
It also permits the incision site to remain virgin, without 
distortion of dermal contour or the possibility of spread of 
injection.

Table 6 Local anesthetics and maximum dosages [11]

Agent Duration  
of action

Maximum dosage 
guidelines (total 
cumulative infiltra-
tive injection dose 
per procedure)

Esterstabl
Procaine 
(Novocain)

Short (15–60 min) 7 mg/kg; not to exceed 
350–600 mg

Chloroprocaine 
(Nesacaine)

Short (15–30 min) Without epinephrine: 
11 mg/kg; not to exceed 
800 mg total doseWith 
epinephrine: 14 mg/kg; 
not to exceed 1,000 mg

Amides
Lidocaine 
(Xylocaine)

Medium 
(30–60 min)

Without epinephrine: 
4.5 mg/kg; not to 
exceed 300 mg

Lidocaine with 
epinephrine

Long 
(120–360 min)

With epinephrine: 
7 mg/kg

Mepivacaine 
(Polocaine, 
Carbocaine)

Medium (45–
90 min) Long 
(120–360 min with 
epinephrine)

7 mg/kg; not to exceed 
400 mg

Bupivacaine 
(Marcaine)

Long 
(120–240 min)

Without epinephrine: 
2.5 mg/kg; not to 
exceed 175 mg total 
dose

Bupivacaine with 
epinephrine

Long 
(180–420 min)

With epinephrine: not 
to exceed 225 mg total 
dose

Etidocaine 
(Duranest). No 
longer available in 
the USA

Long 
(120–180 min)

Without epinephrine: 
0.4 mg/kg; not to 
exceed 300 mg total 
doseWith epinephrine: 
8 mg/kg

Prilocaine 
(Citanest)

Medium 
(30–90 min)

Body weight < 70 kg: 
8 mg/kg; not to exceed 
500 mgBody 
weight > 70 kg: 600 mg

Ropivacaine 
(Naropin)

Long 
(120–360 min)

5 mg; not to exceed 
200 mg for minor nerve 
block
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Introduction

Children are becoming more active and start taking part in 
sports and other after-school activities younger than previous 
generations [20, 25]. This increase is partly from the encour-
agement by the families and physicians because participa-
tion in organized sports not only helps with the physical 
development and motor skills of the children but also acquire-
ment of social skills and the concept of teamwork [21]. Body 
proportions, bone structure, hormonal milieu, and behavioral 
patterns are different in children and adolescents compared 
to adults [1]. It is also known that motor skills of children are 
not fully developed until late childhood and there is also a 
decline during puberty [23]. All of these factors are potential 
causes that render the children prone to injury.

Epidemiology

Professional level sports participation has also been increasing 
in the pediatric age group. A very striking example is that US 
Youth Soccer Association had 810,800 registered players in 
1981 whereas today 3.2 million players between ages 5 and 19 
are registered annually. As the number of sports participation 
increases, the injury incidence is also climbing up and becom-
ing a major concern and in the last 20 years there has been an 
overall increase in sports-related injuries [55]. According to a 
recent study, an estimated 2,698,634 children and teenagers 
with unintentional sports and recreational injuries are treated 
annually in US Emergency Departments. Violent behavior in 
sports is also becoming a concern. Between 2001 and 2003, 
a total of 6,705 children and adolescents were treated in 
EDs for violence-related sports and recreational injuries [12]. 
A national survey from the USA determined that 56.3% of 
high school students played on at least one sports team in the 
year preceding the survey. The survey included questions 
about the injury rates and 21.9% of the students who played 
sports during the 30 days before the survey was conducted, 
stated that they had to see a doctor or a nurse for an injury that 
happened during exercise or play [16].
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There are a number of studies that report the number of 
sports-, recreation-, and exercise-related injuries based on 
the admissions to the emergency departments and primary 
care offices [4, 6, 7, 13–15, 22, 26, 28, 47, 53, 56, 58]. The 
interpretation of injury incidence requires the knowledge of 
practice and play hours or number of athletic exposures  
(a practice or game where there is a possibility of injury) for 
each individual athlete. Caine et al. reviewed 49 epidemio-
logical studies and reported the incidence and distribution of 
pediatric sports-related injuries [9]. Ice hockey seems to have 
the highest injury incidence per 1,000 h of exposure for boys. 
Rugby and soccer are the other most injury-prone sports. For 
girls, soccer has the highest injury incidence, followed by 
basketball and gymnastics. When athletic exposures are con-
sidered, cross-country running has the highest rate of injury 
both for boys and girls. The authors concluded that the high 
incidence of injuries in cross-country running possibly 
related to the repetitive nature of motor patterns performed 
during this activity [46]. In certain sports, such as soccer, 
cross-country running and gymnastics, girls seem to have a 
higher injury rate. Especially injuries of the knee joint are 
reported more in girls when compared to boys [30, 39, 46, 48]. 
Higher rate of injury in girls is commonly attributed to the 
hormonal differences, increased joint laxity, anatomical differ-
ences, and motor control of knee function which may in turn 
predispose them to knee injuries in sports involving cutting 
and jumping. [30].

Risk Factors

Certain risk factors have been identified that may render 
children prone to injuries. These can be classified as modi-
fiable and non-modifiable risk factors. Modifiable risk fac-
tors include flexibility, alignment, strength, endurance, and 
proprioception. According to a systematic review of the lit-
erature on risk factors in child and adolescent sports, most 
authors report that there is no association between flexibility, 
biomechanical alignment, and strength except for sports spe-
cific studies [17]. In gymnastics and figure skating there is 
some association between poor flexibility and injury [54, 60]. 
Anterior tibio-femoral laxity and pronation appear to put 
young athletes at risk for anterior cruciate ligament injuries 
[59]. In addition, wrestlers with increased shoulder laxity 
seem to be at a higher risk for shoulder injuries [44]. 
Fatigue has been reported to be a related factor since there 
is an increased risk of injury in the last minutes of a period 
and also the last period of a game in hockey [45]. Finally, 
decreased endurance has also been implicated as a predis-
posing factor such that pre-season conditioning signifi-
cantly decreased risk of knee injury in adolescent football 
players [8, 36].

Non-modifiable risk factors include, gender, physical fea-
tures of the individual, and type of sports. Studies show that 
males are more prone to injuries in most sports, excluding 
soccer, baseball and basketball, in which females appear to 
be at greater risk [17]. Adolescents appear to be at a higher 
risk than younger children. Organized sport, time spent play-
ing, competition rather than practice, increased level of com-
petition, indoor versus outdoor soccer are also factors that 
are related with a higher injury rates. Anthropometric mea-
surements and injury risk seems to be sports related and in 
soccer, taller players appear to be at a greater risk, likewise 
in baseball pitchers who are heavier and taller demonstrate 
increased risk of elbow symptoms [3, 35].

Physical (Physeal) Concerns

Different from adults, children have a growing skeleton and 
thus, a relatively small injury on the growing skeleton may 
have important consequences in the adulthood. It is known 
that growth plate cartilage is less resistant to stress than adult 
articular cartilage and adjacent bone [9]. It has also been 
shown that the physis may be two to five times weaker than 
the surrounding fibrous tissue, which makes physis more 
prone to injury compared to the surrounding tissues [33]. 
Several other studies have shown that the physeal cartilage 
shows decreased physical strength during pubertal growth 
spurt [9]. Another physical feature of the growing skeleton is 
that during growth spurt mineralization lags behind the 
length gain, thus rendering the bone more porous and prone 
to fractures [5]. Although controversial, the growth spurt 
may cause a disparity between muscle-tendon and bone, 
resulting in an increased muscle-tendon tightness creating a 
temporary decreased flexibility, which may be related to 
increased injury [19, 40]. As a result of the aforementioned 
weaknesses, most skeletal injuries in the pediatric athlete 
involve the physis [27, 34].

It is known that acute injuries to the open physes may result 
in early closures, growth and alignment abnormalities, Salter-
Harris type 3–4 injuries having a grimmer prognosis compared 
to type 1–2 injuries. However, continuous stress and overuse 
may also have detrimental effects on the growth plate. This is 
in concordance with results from animal studies that showed 
prolonged physical loading inhibits or stops bone growth 
[31, 52, 57]. The reported cases include gymnasts, rugby 
players, tennis players, baseball pitchers, and even a piano 
player with a premature closure of the physis of the distal 
phalanx in the thumb [2, 10, 32, 41]. Most commonly reported 
chronic physeal injuries are distal radial physis injuries in gym-
nasts. Although most reports describe physeal widening and 
irregularity, Read reported stress fractures of the epiphysis and 
metaphysis [49]. Another typical injury is that of proximal 
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humeral physis of young baseball players. Little league shoul-
der involves the consequences of repetitive trauma on the prox-
imal humeral physis. Although most chronic injuries resolve 
with rest (Fig. 1a, b), there are several reports of stress-related 
premature partial or complete physeal closure. Partial distal 
physeal closures of radius in gymnasts have been reported [51]. 
Premature physeal closure of proximal humeral physis in an 
11-year-old baseball pitcher has also been reported [10]. 
Chronic wrist injuries in wrestlers and distal humeral and prox-
imal radial physeal injuries in baseball players are other typical 
sports-specific physeal injury patterns. Chronic overuse can 
also affect the spine, especially in gymnasts, dancers, weight-
lifters, and soccer and football players [11]. Spondylolysis is 
thought to be secondary to repetitive hyperextension of the 
spine, with resulting injury to pars interarticularis (Fig. 2a–c). 
If the condition remains untreated, spondylolisthesis may 
ensue, which may lead to chronic disability and pain.

Psychological Concerns

The most common pattern is probably overtraining, resulting 
in overuse injuries, which is at both the physical and psycho-
logical expense of the child [37]. Sports activities are getting 
more competitive which puts more stress on the growing 
child. The expectations of parents and coaches may force the 
child to push himself/herself harder beyond the physiologi-
cal barriers, resulting in physical and emotional injuries [37]. 
A study showed that the expectations and approach of the 
parents and coaches have huge effects on the child’s under-
standing of sports competitions [43].

According to the same study, “when parents are perceived 
as critical of their performances and having high achievement 

standards and when coaches are perceived as emphasizing 
social comparison and winning and giving the most attention 
to the best athletes, pediatric athletes report believing less in 
their soccer capabilities, worrying about their performance, 
and perceiving a less friendly peer atmosphere on their teams.” 
And this may result in maladaptive perfectionism leading to 
detrimental physical and psychological consequences, such 
as overtraining, negative peer relations, antisocial behavior. 
This and other studies showed that parental criticism and 
expectations facilitate concern over mistakes when involved 
in sport, affect positive friendship formation as well as perfec-
tionist worries and coaches may induce a climate filled with 
intra-team rivalry adding more stress [38, 42].

Prevention

Injury prevention should probably be the greatest focus of the 
physician who regularly treats pediatric patients with sports 
injuries. General injury prevention guidelines can be listed as 
three Es: education, environmental interventions, and enforce-
ment [1]. Hergenroeder outlined six potential mechanisms to 
reduce sports-related injuries: (1) preseason physical exami-
nation, (2) medical coverage at sports events, (3) proper coach-
ing, (4) adequate hydration, (5) proper officiating, and (6) 
proper equipment and field/surface playing conditions [24].

Preseason or pre-participation screening should include 
detection of conditions that may predispose to injury, detection 
of disabling or potentially life-threatening conditions, identifi-
cation of problems that may need rehabilitation prior to par-
ticipation, and meeting of legal and insurance requirements. 
General health, counseling on health-related issues should also 
be undertaken since this may be the only contact of the child 

a b

Fig. 1 (a) Osteochondral lesion in a 12-year-old boy. (b) Completely healed with conservative treatment
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with a health-care provider and the only access to health care. 
Assessment of fitness level for the specific sports should also 
be addressed [18, 29]. Preseason conditioning is an important 
consideration. For female athletes participating in soccer and 
basketball, recommendations about supervised leg strengthen-
ing, proprioception, and balance exercises must be made. 
Proper hydration, warm-up, and stretching for all athletes 
should be emphasized. Equipment and the field/ground are 
responsible for many injuries. In one surveillance study of 
adolescent sports injuries in an urban area, 16% of sports injury 
emergency department visits and 20% of hospitalizations were 
related to equipment and environmental factors that may be 
amenable to prevention strategies [50]. Proper use of protec-
tive garment should therefore be advised and monitored.

Conclusions

Sports participation is believed to provide many benefits to the 
growing human being, including fitness, increased motor coor-
dination, and improved social skills. According to recent stud-
ies, every year almost a third of young athletes suffer an injury 
that requires medical attention. For pediatric sports injuries, 
injury prevention is of utmost importance – due to the features 
of the growing skeleton, injuries during childhood may have 
effects in the adult life. Physicians who treat these children 
should be aware of the unique physiological and developmen-
tal features of the growing athlete. Counseling and monitoring 
are important duties of the physician for prevention of sports 
injuries in children and adolescents. Becoming an elite athlete 
takes long hours and hard training, but the psychological needs 
and physical limits of the child should be taken into account. 
The compromise between hard activity and soft bone should 
be well balanced, otherwise injuries are inevitable. The com-
petition and rivalry among kids may result in antisocial and 
hostile characters as adults. Parental/coach guidance and 
“training” are very important to avoid unnecessary stress on 
the child and to develop a healthy personality. The question, 
“how much sports are healthy for the growing skeleton (and 
character)?” still awaits an answer.
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Prevention of Sports Injuries in Adolescents

Mario Mosconi, Stefano Marco Paolo Rossi, and Franco Benazzo 

Introduction

Sports-related injuries in adolescents are quite common 
problems especially in some disciplines where young ath-
letes compete at a professional level. In the past years, the 
level and the intensity of sport in young athletes have 
increased progressively. The dimension of the problem is 
important: according to a 2002 report by the Centers for 
Disease Control, nearly 1.9 million children under 15 were 
treated in emergency departments the year before for sports-
related injuries. If we consider the different types of possi-
ble injuries, contusions are undoubtedly the most prevalent 
in growing athletes whether ligament sprains and muscle 
strains are relatively uncommon and this happens for two 
main reasons: the much higher degree of ligamentous lax-
ity, which allows accommodation of relatively greater 
excursions than are possible for adults and the greater abil-
ity to sustain stretching of soft tissues. In adolescent ath-
letes, acute and chronic sports-related muscle and tendon 
injuries are not so infrequent, especially considering the 
problems of acute and chronic avulsion injuries and at the 
same time, muscle contusions and strains are quite common 
during the growth sport period.

Different Possible Injuries

Muscle contusions: This is the most frequent injury in the 
growing athlete. The healing of muscle tissues is much 
more rapid in children than in adults but it is mandatory to 
ensure that full motion and full strength are regained 
before returning to sports activities.
The main problem of this kind of injuries is that recur-
rences may result in serious complications such as myosi-
tis ossificans [6].
Tendon injuries: Acute tendinous injuries are quite rare in 
immature athletes.
But repetitive submaximal stress may lead to overuse 
syndromes.
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Overuse injuries: The effects of repetitive and subacute 
trauma on connective tissue producing symptoms are seen 
more and more frequently in young athletes.
These symptoms are also seen in children who participate 
vigorously in normal playing activities. Symptoms of 
overuse tend to be more common as the child reaches pre-
adolescence. It is unclear whether this is an unstable 
period for the skeleton or if symptoms are more related to 
growth or to a significant increase in structural demands; 
the reason could be a different mixture of all the causes 
cited above.
Overuse injuries can affect different districts:

 Bone–muscle interface: The muscular insertion near  –
growth plates (apophysis–epiphysis) can be an inflam-
mation site and forced and repetitive contraction can 
lead to an inflammatory response which is, actually, the 
first phase of healing process.
 Tendon–bone interface: Osteotendinous insertion is a  –
complex where fibrous tissue is melted with cartilage 
(Sharpey fibers). There is a direct tendon–bone connec-
tion via four hystologic zones which show a progres-
sive cartilaginous mineralization. Patterns leading 
inflammatory response in this zone are not well known 
yet. In the young adolescent the growing zone of ten-
don seems to be near this junction. So this is a key-zone 
where remodeling action can lead to typical variations 
seen in osteochondroses.
 Joint cartilage: Osteochondrosis is a frequent pathology  –
in young athletes, with causes that can be different and 
superposable such as growth spurt, endocrinous factors, 
vascular problems, or a traumatic etiology (even with 
no histological evidence of healing process). True 
degenerative chondropathy is possible only in the late 
stages of adolescence. Typical overuse injuries in early 
stages of adolescence are osteochondritis dissecans and 
osteochondrosis. The first one can be related to trau-
matic causes, genetic factors, and or even infections.
 Growth plate: Repeated microtraumas in the physeal  –
zone can lead to growing problems until a length dis-
crepancy or axial deviation can be seen.

Prevention

Prevention is the basic step of managing this kind of injuries 
and is based on certain principles [1]:

1. Pre-participation evaluation (PPE)
2. Medical safety during sport practice
3. Adapted conditioning and training
4. Adequate nutrition

5. Adequate condition for performance
6. Correct equipment

PPE

Focusing on pre-participation evaluation, this must become a 
preventive tool used by the sport medical staff:

To assess the overall health status of the athlete
To determine whether an athlete is at risk for injury
To determine if the athlete has preexisting injuries
In elite athletes, this tool can be also useful to optimize 
performances and get familiar with the local sports medi-
cine system, whereas in nonelite athletes it can be very 
interesting to compare the level of maturity of younger 
athletes with those of their peers, and encourage young 
people to engage in organized sports and fitness activities 
and to establish a physician–patient relationship. The first 
problem of PPE is timing and frequency, as it is univer-
sally approved that a full evaluation is necessary before 
the start of a new athletic program and there are no studies 
in the literature that specifically evaluate the most appro-
priate time and frequency to conduct the evaluation with 
the main issue for the clinician, which is whether athletic 
participation places the athlete at unacceptable risk for 
serious injury or illness.

PPE must include different phases such as:
History of the patient including

Primary aspect of the history that inquires into

Previous musculoskeletal injuries –
Sudden cardiac deaths in family members –
Previous concussions –
Exercise-induced respiratory symptoms –
 Female athlete triad (osteoporosis, disordered eating,  –
menstrual disorders)
Allergy history –
Immunization –
Psychological components (in adolescents) –

Clinical examination which must be held by different spe-
cialists focusing on issues like:

Height, weight
Blood pressure, pulse
Urine analysis
Eye
Ear, nose, and throat
Lymph nodes
Heart and lungs
Abdomen
Orthopedic



Prevention of Sports Injuries in Adolescents 997

The orthopedic evaluation must be accurate and give specific 
attention to problems that may predispose to injury. Maneuvers 
designed to demonstrate the full range of motion of all joints 
are mandatory even if there are conflicting data regarding the 
ability of musculoskeletal examination to predict athletic 
injuries. Attention must be given to three main problems:

Intrinsic factors
Extrinsic factors
Level of training

Intrinsic Factors

As intrinsic factors we can consider problems such as:

Age
Gender
Anatomical alignment
Generalized joint and ligamentous laxity
Thigh muscle torque
Muscle flexibility
Recent injuries

Gender

Neuromuscular performance increases rapidly in males 
throughout pubertal development, whereas no similar neuro-
muscular spurt occurs in females [5]. This fact may underlie 
neuromuscular imbalances related to increased risk of injury 
in females. Adolescent females suffer a disproportionate 
number of knee and anterior cruciate ligament injuries com-
pared to adolescent males due to different factors such as 
greater “Q” angle, poor muscle strength, and neuromuscular 
factors (delayed response to electrical stimulus).

Anatomical Alignment

Active growth causes subtle changes in the overall alignment 
of the lower extremity [7]. Increased valgus seen in young 
children disappears with approaching adulthood, changing 
the stresses on both the patella and the medial aspect of the 
knee. Malalignment of spine and lower limbs must be always 
considered and the following problems must be analyzed:

Lumbar lordosis
Excessive femoral neck antiversion

Tibial external torsion
Genu valgo-varo
Excessive foot pronation

Hypermobility

Patients with hyperlaxity syndrome have been shown to have 
impaired joint proprioception in both the knee and the ankle 
and a significant association between clinically assessed 
joint hypermobility and self-reported injury rates has been 
shown [9]. The incidence of hypermobility in school chil-
dren is estimated to be 13–26.5%.

Muscle Torque, Flexibility, and Strength, 
Recent Injuries

A recent study published by Mikkelsson et al., examined 
whether adolescent flexibility, endurance strength, and phys-
ical activity can predict the later occurrence of recurrent low-
back pain, tension neck, or knee injury. Five hundred and 
twenty men and 605 women were examined. The authors 
showed that high endurance strength in boys may indicate an 
increased risk of knee injury.

Extrinsic Factors

By analyzing these factors one should consider that specific 
sports are often associated with specific injuries and different 
potential biomechanical factors can contribute to different 
types of injuries.

As extrinsic factors we can consider problems such as [5]:

Level of play
Dangerous play
Playing on small fields
Inclusion of youth players on adult teams
Duration of exposure

As shown by Mihata et al. [8], the level of allowed contact in 
pivoting sports may be a factor in determining sport-specific 
anterior cruciate ligament risk and a descriptive epidemiologic 
study conducted by Emery [2] on adolescent hockey players 
showed significant differences in injury rates found by divi-
sion, previous injury, and session type (practice vs game).

Other extrinsic risk factors include surfaces and equip-
ments, nutritional factors, hormonal factors, social and cul-
tural factors.



998 M. Mosconi et al.

Level of Training

Errors in training encounter two main issues:

Type and amount of training
Progression of training work

The problem is to define which level of training is helpful for 
a specific individual and which level of training would be 
harmful.

Garrick [3, 4] showed that a basketball-specific balance 
training program was effective in reducing acute-onset inju-
ries in high school basketball. There was also a clinically 
relevant trend found with respect to the reduction of all, 
lower-extremity injuries. He also demonstrated in a study on 
262 teenage handball players injured at least once (241 acute 
and 57 overuse injuries) that the rate of acute knee and ankle 
injuries and all injuries to young handball players was 
reduced by half, by a structured program designed to improve 
knee and ankle control during play.

Conclusions

In adolescents we have to consider different levels of sport 
activity with different aims:

1. Recreational sport; educational aim
2. Elite sport with training programs “adult sportsmen-oriented”

In both cases repetitive training exposes children to overuse 
injuries and acute traumas.

The types of lesions are quite different from adult lesions 
till puberty.

Sports-related injuries in children are more and more fre-
quent with patterns which are specific to childhood. As the 
child grows, the injuries become more and more similar to 
adult ones, and the adolescent starts to be a little adult with a 
sport activity which is more and more vigorous.

Future research should include further development of 
neuromuscular prevention strategies and further evaluation 
of methods to increase compliance to an injury-prevention 
training program in adolescents.
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Physeal Injuries

Salih Marangoz and M. Cemalettin Aksoy 

Introduction

Long bones grow from their physes on each end. Physes at 
the ends of long bones are called primary physes. Physes sur-
rounding the secondary center of ossification within the epi-
physis are called secondary physes. Physis in this article 
refers to the primary physis. Main function of the physes is 
to provide rapid integrated longitudinal and latitudinal 
growth [11]. However, it is the relatively weaker part of the 
bone. Therefore, injuries occur in children more frequently 
through the physes rather than through the other parts of the 
bone. There are several factors in evaluating a physeal injury; 
including the physeal injury type, location of the injury 
within the physis, age of the patient, and in correlation to 
that, the growth potential from that involved area. Complete 
injury to the physis results in cease of longitudinal bone 
growth, especially if physes on both ends of a long bone are 
injured, whereas partial injury to the physis could result in 
longitudinal and/or angular growth abnormalities. The most 
frequent type of injury to a physis is a fracture [10].

Incidence

Physeal injuries constitute 30% of long bone fractures in 
children. Regardless of the site, the distal physes are more 
prone to injury than proximal physes. Phalanges of fingers, 
distal radius, and distal tibia are the frequent sites of physeal 
injuries. Boys seem to experience more physeal injuries 
partly because physes remain open longer in boys and 
because boys are more involved in athletic activities [1].

Mechanism of Injury

The physis has a variable tensile strength that increases 
with age. This enables different injury mechanisms to be 
involved in the etiology of physeal fractures. As mentioned 
above, the most frequent cause of physeal injury is fracture. 
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Other causes include iatrogenic surgical procedures, irra-
diation, chemotherapy, disease-related involvement; infec-
tion or neoplasm, metabolic or hematologic disorders, 
electrical injuries, burn (heat injury), frostbite (cold injury), 
vascular impairment, neural involvement, disuse, laser 
injury, stress injury, developmental causes, and longitudi-
nal compression injury (which is also classified as Salter-
Harris Type V injury) [10].

An injury to the physis may result in complete cessa-
tion of growth, that is, complete growth arrest. This is a 
relatively rare condition. However, its significance depends 
on the remaining growth potential of that particular phy-
sis. In an adolescent near skeletal maturity this may be 
considered as insignificant whereas in a child before 
pubertal growth spurt this may result in significant limb 
length discrepancy.

Partial growth arrest can be classified as peripheral, cen-
tral, or combined. Bony bars developing within the physis 
usually result in partial growth arrest [10].

Physiologic closure of the physis involves three funda-
mental stages. First is the actual growth stage where the 
physis is wide open. During this stage, proliferation and 
mineralization processes are balanced. Second is the 
period of inactivity, where the proliferation slows signifi-
cantly while the mineralization is not completed, yet. 
Third is the closure phase where the proliferation ceases 
in its entirety. Open growth plates protect the joint from 
injuries. After closure of the physes, transitional fractures 
occur [21].

Response of the growth plate to injury determines whether 
the growth plate will end in arrest or stimulation. If the injury 
occurred during the actual growth phase, the growth stimula-
tion will be seen and lengthening will be the end result. If the 
injury occurred prior to maturity during the inactivity phase 
there will be an initial stimulation with compensatory pre-
mature closure. No limb length discrepancy will be seen. If 
the injury is seen during the inactivity phase, any insult will 
end in shortening of the limb due to premature closure com-
pared to the contralateral side [21].

Epiphysis

Epiphysis includes the proximal part of a long bone upon 
the physis. It has a secondary center of ossification. The 
main function of the primary physis of the epiphysis is lon-
gitudinal growth. It has no attachments to muscles or ten-
dons. At times, it is referred to as “pressure epiphysis.” 
Whereas, apophysis provides attachments for the musculo-
tendinous structures and it has no role in longitudinal 

growth. Because of its attachments apophysis is sometimes 
referred to as “traction epiphysis” [11].

Classification

Classification of physeal fractures dates back to the nine-
teenth century. Since then Foucher, Poland, Bergenfeldt, 
Aitken, and Brashear have presented their classification 
schemes [12]. Salter and Harris in 1963 published their work 
on “Injuries Involving the Epiphyseal Plate” which became a 
classic in evaluation of the physeal fractures [18]. They 
included five types. Rang [17] added a Type VI injury to this 
classification, as localized injury to the perichondrial ring. 
Later, Ogden [7] and Shapiro [19] also published their own 
classifications, which did not gain widespread use. Peterson 
[9] in 1994 devised a new classification based on his experi-
ence and the previous classifications. This new classification 
grades fracture types from minor involvement of physis to 
more severe involvement. The most frequent subtype is a 
Type II of Peterson classification, which is a separation of 
part of the physis with a portion of the metaphysis attached to 
the epiphysis, revealing the so-called Thurston Holland sign. 
Although attention is usually drawn to the size of the meta-
physeal fragment, what is more important is the amount of 
physeal tissue disrupted [10]. Type V of Salter-Harris classi-
fication is a compression-type injury and can be discovered 
only in the follow-up X-rays retrospectively, if possible.

Evaluation

History and physical examination usually give clues to define 
which parts of the extremities should be evaluated radiograph-
ically. X-rays should be taken of at least two views; anteropos-
terior and lateral. Sometimes oblique views are necessary as 
well. At times, magnetic resonance imaging is necessary to 
better delineate the more cartilaginous physeal fractures. 
Computed tomography might be necessary to reveal the char-
acteristics of physeal fractures in different planes [10].

Treatment

The goals of treatment in physeal fractures are to maintain the 
normal growth of the involved physis and to preserve the func-
tion of the involved limb. In order to achieve these goals one 
must approach the physeal fracture with care. The simplistic 
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approach in the treatment of physeal fractures is to achieve and 
preserve the reduction of both physeal and articular cartilage in 
an anatomic manner [13]. Immediate gentle reductions should 
be achieved when necessary, combined with appropriate immo-
bilization. Gentle closed reduction with manual longitudinal 
traction is usually sufficient in 90% of the physeal fractures. 
The younger the patient is and the longer the time has passed 
over fracture, the more difficult it is to obtain an anatomic 
reduction because of the callus blending with the physeal carti-
lage. Early callus formation may preclude anatomic reduction 
after 5–7 days [10]. Fracture types involving the articular sur-
face might require open reduction. In articular fractures, it is 
important to prevent joint fluid flowing through the fracture 
fragments by reducing the fracture anatomically, which might 
otherwise cause nonunion. Closed means of treatment does not 
necessarily mean that it is always more conservative. Repeat 
manipulations and vigorous closed reduction attempts should 
be avoided. In an ideal world, anesthesia is required for reduc-
ing all physeal fractures, providing muscle relaxation, and 
avoiding further injury to the physis. Anatomic reduction 
should be aimed. For that reason, in some cases open reduction 
might be required. This comprises approximately 7% of all 
physeal fractures [13]. Open reduction poses a greater risk of 
secondary damage to physeal cartilage. Physis should be spared 
during internal fixation when possible. Usually pins or wires 
are the preferred internal fixation material in treatment of phy-
seal fractures. Smooth pins should always be preferred over 
threaded ones. The number of wires should be kept to a mini-
mum, so is the number of passes across the physis with a single 
wire. Wires or pins placed across the center of the physis will 
less likely cause a growth arrest than those through the periph-
ery. A wire or a pin placed at perpendicular angle to the physis 
will have less untoward action than those at oblique angles. 
Size of the pin matters, and small diameter wires or pins should 
be preferred. Duration of the internal fixation material across 
the physis is also another parameter to which attention should 
be paid. The longer it stays, the higher the risk of injury to the 
physis. As composition of metal, titanium might cause tether-
ing of the physis compared to stainless steel [13].

Treatment of Subtypes of Physeal Fractures

Peterson Type I (Metaphyseal Fracture  
with Extension into Physis)

It has the least potential to damage the physis. Usually closed 
reduction and casting is sufficient to achieve a good end 
result, although these fractures must be followed-up for at 
least 3 months to ensure there is no growth abnormality.

Peterson Type II (Salter-Harris Type II)

Usually, closed reduction with casting yields good results. 
Repetitive vigorous attempts for reduction should be avoided. 
Irregular, undulating physes have a higher risk of growth 
arrest due to the metaphyseal spike scraping from the cor-
responding portion of the physis during reduction maneu-
ver. If the fracture is unstable, internal fixation from the 
metaphyseal fragment into the metaphysis is performed. 
Occasionally, the metaphyseal fragment might be too small 
in which case internal fixation through the epiphysis, across 
the physis might be necessary. Generally thin, smooth wires 
should be preferred when crossing the physis in order to 
avoid growth arrest (Fig. 1).

Peterson Type III (Salter-Harris Type I)

Type III fractures are similar to Type II fractures with a very 
small metaphyseal fragment, when present. The risk of growth 
arrest is a little higher than Type II due to a greater percentage 
of the physis that is involved. Internal fixation is avoided.

Peterson Type IV (Salter-Harris Type III)

These fractures require anatomic reduction, since the frac-
ture involves the articular surface. Although growth arrest 
is of less importance due to the fact that these fractures 
occur in older children with less growth remaining poten-
tial, anatomic reduction of the epiphyseal fragment might 
allow the physis to grow normally. Internal fixation should 
be from epiphysis to epiphysis.

Peterson Type V (Salter-Harris Type IV)

Anatomic reduction is desired in these fractures in order to 
align the physis and the articular surface. Internal fixation might 
be necessary for unstable fractures, which could be either from 
epiphysis to epiphysis or from metaphysis to metaphysis.

Peterson Type VI (Epiphyseal and Physeal Loss)

These are open fractures with missing parts of the physis, 
epiphysis, and/or metaphysis. As an open fracture they 
deserve irrigation and debridement as part of the initial manage-
ment. Physeal bar formation is usually a part of these  
fractures on the exposed parts of the physis [10].
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Fig. 1 A typical example of supination-
external rotation type Grade II injury of 
the ankle [2] in an 11-year-old male. Tibia 
reveals a Salter-Harris Type II fracture 
which was reduced with two cannulated 
screws. Fibular fracture was treated 
conservatively

Some Specific Physeal Injuries  
and Their Treatment

There are so-called transition fractures in adolescents close 
to skeletal maturity, when only part of the physis is closed. 
Growth arrest is not a major issue since these patients are 

almost skeletally mature. Careful radiographic evaluation 
including AP and lateral radiographs of the ankle is neces-
sary. However, a computed tomography scan would help 
delineate the fracture pattern in a better way. The goal of 
treatment is to achieve anatomic reduction and obtain articu-
lar congruity.
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Distal Tibial Anterior Tubercle Fracture 
(Anterolateral Distal Tibial Plafond  
Fracture, or Juvenile Tillaux Fracture)

These fractures involve the anterolateral inferior articular 
surface of the tibia [15]. They are also known as juvenile 
Tillaux fractures. These fractures almost invariably occur in 
the adolescent age group, and yet they are called juvenile, as 
a misnomer. Furthermore it was Sir Astley Cooper who 
described the fracture. And it is not clear who first used the 
terms Tillaux or juvenile Tillaux fracture. The fracture mech-
anism involves forced abduction or external rotation of the 
foot causing tension on anterior tibiofibular ligament, yield-
ing an avulsion fracture of the anterior tibial tubercle. 
Management includes closed or open reduction, depending 
on the amount of displacement of the articular surface. If 
the displacement is equal or greater than 2 mm, then open 
reduction and internal fixation should be performed. Tillaux 

fracture in a skeletally immature patient usually presents 
itself as a Salter-Harris Type III or a Peterson Type IV frac-
ture (Fig. 2). Whereas in older individuals after the closure of 
the physis, the injury presents as a Salter-Harris Type IV or a 
Peterson Type V fracture, which is very rare. The explana-
tion for this is that there is no physis that the fracture line 
would go through. Internal fixation with wires or screws, 
using open or percutaneous approaches, achieves satisfac-
tory results. In addition, arthroscopically assisted techniques 
are yielding promising results in the management of these 
fractures [4, 5, 8, 20].

Triplane Fractures

A triplane fracture is also a transition fracture, since it 
occurs in adolescents with closing physes. By definition it 
comprises a fracture with components in different planes. 

Fig. 2 A displaced fracture of the distal anterior tibial tubercle (Tillaux fracture) in a 13-year-old female reduced with a cannulated screw and a 
washer. Nondisplaced posterior malleolus fracture was treated conservatively
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Typically, the fracture goes through the physis in the trans-
verse plane with an upward extension into the metaphyseal 
fragment in the frontal plane. The epiphysis is fractured in 
the sagittal plane as the third plane of this type of fracture. 
The mechanism is generally regarded to be an external rota-
tion type injury [15]. Treatment of these fractures could be 
conservative or surgical. Fractures that have equal to or 
more than 2 mm displacement require open reduction. 
Internal rotation is the correct way of manipulating these 
fractures to get them reduced. Accompanying fibular frac-
ture could be fixed in order to restore the fibular height, or 
syndesmosis. Preoperative planning includes a CT scan 
which will help in understanding the fracture pattern, num-
ber of parts, and planning the treatment strategy. Closed 
reduction maneuver of such a triplane fracture includes 
posterior translation of the distal third of tibia and anterior 
translation of the distal fragment together with the heel and 
ankle, while bringing into internal rotation. Ankle should 
be dorsiflexed only if the preceding maneuver is accom-
plished successfully. Possible soft tissue interposition 
should be kept in mind if fracture is not easily reduced. 
Internal fixation could then be achieved by pins or screws 
in an epiphysis-to-epiphysis and metaphysis-to-metaphysis 
fashion. Usually anterolateral approach gives excellent 
exposure to the fracture fragments and the joint itself. 
Those fractures associated with fibular fracture usually 
require open reduction. The remaining physis that is unaf-
fected from the fracture usually closes while the fracture 
heals, which explains why there is not much deformity 
expected to develop after such fractures. Distal fibular phy-
sis also closes shortly after the tibial fracture which helps to 
avoid fibular relative overgrowth. Arthroscopically assisted 
reduction of triplane fractures has yielded good results  
[3, 6, 22]. But it requires technical skills and expertise in 
regular elective arthroscopy of the ankle. In conclusion, it 
is imperative to reduce the articular fragments anatomically 
and to obtain articular congruity in order to reduce the risk 
of degenerative changes that might develop later [15].

Prognosis

Prognosis of a physeal fracture depends on the following 
factors in a descending order of importance: The severity of 
the fracture, the age of the patient, the site of the fracture 
(in other words the physis that is injured), and the type of 
the fracture according to the classifications mentioned 
above. The gender is not an issue in terms of prognosis. The 
severity determines the impact of the injury to the physis. 
Patients that are near skeletal maturity, e.g., close to 14 in 
girls and 16 in boys, will have small amount of growth 
remaining and deformity is less likely to develop even if 

there occurs a growth arrest. Some physes within the body 
have a greater potential to provide growth than others. For 
example, physes close to the knee (distal femur and proxi-
mal tibia) and away from the elbow (distal radius and proxi-
mal humerus) have greater potential of growth. So, 
involvement of such physes has a higher risk of develop-
ment of limb length discrepancy and/or angular deformity 
compared to others, such as proximal femur, distal tibia, 
distal fibula, distal humerus, proximal radius, and proximal 
ulna. Fractures, portion of which occur in the plane of the 
physis, usually break through the zone of hypertrophy or 
zone of provisional calcification (Peterson Types I, II, III, 
IV). They do not develop growth arrest unless the fracture 
extends to the germinal cell layer of the physis [10].

Complications

Complications can be grouped into two as those occurring at 
or near the time of the fracture, and those occurring at a later 
date [14]. In general, premature growth arrest is the most 
frequent complication of a physeal injury. Irreducible frac-
ture, infection, vascular occlusion (in physeal fractures of 
proximal tibia and distal femur), compartment syndrome, 
and nerve impairment constitute the immediate complica-
tions. Among the late occurring complications are growth 
arrest, delayed union, nonunion, malunion, ischemic necro-
sis of the physis, overgrowth, synostosis, heterotopic ossifi-
cation, and loss of motion.

Physeal Injuries Other Than Fracture

Although fracture is the most common cause of a physeal 
injury, several other possible mechanisms can affect the 
physis [1, 10]. Disuse of an extremity, due to a probable 
diminished vascular supply, can cause retardation in 
growth of the physis. Radiation therapy may preclude nor-
mal physeal growth if the dose of radiation exceeds 400 
rad (or 4 Gy). Infection involving the physis in the form of 
septic arthritis or metaphyseal osteomyelitis could deterio-
rate the normal function of the physis. Tumor may involve 
the physis itself, or treatment for tumor may cause physeal 
growth arrest. Vascular and neural impairment may indi-
rectly affect the normal physeal growth through the nutri-
tion of the physis. Metabolic abnormality like vitamin A 
intoxication or vitamin C deficiency may cause physeal 
closure. Cold injury (frostbite) or heat injury (burn) as 
well as electrical and laser injuries can cause physeal 
growth abnormalities. Stress injury to the physes results  
in widening and irregularity of the physes in adolescent 
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athletes. Longitudinal compression (Salter-Harris Type V) 
injury is rare. Developmental physeal abnormalities 
include deformities of proximal tibia in Blount’s disease, 
and of distal radius in Madelung disease. A bracket epi-
physis or delta phalanx is also an example to a develop-
mental/congenital cause. Last, but not the least, is another 
important cause of physeal injury, that is, the surgical iat-
rogenic injury to the physis. Several factors play a role in 
determination of growth plate injury after insertion of 
internal fixation materials across the physis: The wire’s 
diameter, whether its being threaded or smooth, the angle 
of the pin to the physis, the duration of the pin left across 
the physis, the location of the wire in relation to the physis, 
whether it is in the periphery or in the central part of the 
physis, and the number of wires. Generally speaking, after 
insertion of a small diameter, smooth wire across the phy-
sis in a perpendicular fashion, it is not expected to see 
growth arrest, although there are exceptions [10].

Physeal Arrest

One of the most feared complications of physeal injury is 
physeal arrest [14]. It may not be significant in an adoles-
cent near skeletal maturity; however, it might cause drastic 
consequences in growing children. If the entire physis is 
affected, a complete physeal arrest will result in retarda-
tion of the normal bone growth, ending up with shortening 
of the involved extremity. Partial physeal arrest usually 
results from an injury to a part of the physis. It has a more 
dramatic presentation when the injury is peripherally 
located compared to a more central location. Partial phy-
seal arrest usually involves a bony bar between the epiphy-
sis and the metaphysis crossing the physis. When the bar is 
at the periphery of the physis, one would expect to see 
angular deformity along with retardation of bone growth. 
Treatment of complete physeal arrest involves one or a 
combination of the following including observation, shoe 
lift, lengthening of the short limb, and/or therapeutic phy-
seal arrest of the contralateral long limb [10]. Treatment of 
partial physeal arrest involves a number of alternatives 
including one or more of the following: Observation, shoe 
lift, therapeutic growth arrest of the remaining intact part 
of the injured physis; plus growth arrest of the adjacent 
bone if present, such as fibula or ulna, alone or in combina-
tion with the arrest of the physis(es) of the contralateral 
bone(s); open or closed wedge osteotomy to correct the 
angular deformity; lengthening of the affected limb with 
correction of the angular deformity if present; shortening 
of the contralateral or adjacent bone (such as ulna or fib-
ula); excision of the bar within the physis that is acting as 
a tether along the growth plate along with insertion of an 

interpositioning tissue; and physeal distraction using exter-
nal fixator causing the fracture of the physeal bar with or 
without excising the bar [10].

Physeal Bar Excision

In order to perform physeal bar excision, it is generally 
accepted that the physis would have sufficient growth remain-
ing. It is quantified as 1–2 years of remaining growth by most 
of the authors [16]. In general, in cases more than 50% of the 
physis could be preserved, physis can still provide growth 
after bar excision [10, 16]. Angular deformity correction 
after bar excision usually is not expected in most cases. 
Peripherally located bars can be directly approached from 
the periphery. Periosteum over the bar is excised, and the bar 
is removed until healthy physis is reached. A motorized burr 
is helpful in doing that, and no deleterious effect to the 
remaining physis has been observed due to the heat gener-
ated by the burr [16]. Centrally located bars need to be 
approached by removing a cortical window in the metaphy-
sis protecting the normal perichondrial ring of the healthy 
peripheral physis. Hematoma should be prevented; otherwise 
it causes re-formation of the bar. Metal markers placed in the 
metaphysis and epiphysis would help to monitor the subse-
quent growth, if present. Angular deformities more than 20° 
are highly likely to require an osteotomy, which probably is 
best to perform at the time of bar excision. As interposition 
material, several options have been described including 
autogenous fat, Silastic, cranioplast, polymethylmetacrylate, 
and cartilage [16]. Combination of bone wax and fat is also a 
common approach, because fat might float out of the cavity 
in case of bleeding into the cavity after bar excision. After 
physeal bar excision the goal should be to resume normal 
growth and to stop progression of the limb length discrep-
ancy or angular deformity. To address the already present 
limb length discrepancy or angular deformity, additional 
procedures are usually needed. Patients and parents should 
be well informed of this not to have dissatisfaction after bar 
excision surgery.

Conclusion

Physis is a unique structure in the growing skeleton. Its deli-
cate nature requires gentle handling. The fine balance of this 
structure can be disturbed easily by the injury itself and/or 
during treatment. The surgeon should be well aware of its 
characteristics while evaluating the patient and factor-in the 
potential hidden in this gift to the growing bones during deci-
sion making in management of physeal injuries.
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Pediatric Spine Injuries

Deniz Olgun and Ahmet Alanay 

Introduction

Injuries of the spine in the pediatric and adolescent athlete 
are less common than other musculoskeletal injuries and 
injuries of the head. Among these, cervical injuries consti-
tute the majority of cases. Although many of these injuries 
are relatively minor, serious and potentially unstable or pro-
gressive spinal injury must be excluded. With the introduc-
tion of protective sporting gear and proper precautions, the 
incidence of catastrophic spinal injury has decreased. 
Children are susceptible to different kinds of injury because 
of the unique characteristics of their anatomy which makes 
them a lot more than just diminutive version of adults. This 
chapter details some of these unique differences and describes 
sports-related injuries of the pediatric spine.

Anatomy

Due to the intrinsic properties of the immature spine, injury 
patterns especially in the younger child differ from those 
encountered in the adult. Some injuries are seen exclusively in 
children, such as growth-plate-related fractures and SCIWORA 
[1]. All typical vertebrae, except for the atypical C1 and C2 
(atlas and axis, respectively), have three ossification centers: 
one anterior centrum and two posterior arches [16]. This 
allows multidimensional growth, especially of the spinal canal. 
Most of canal growth is completed by 6–8 years of age.

Longitudinal growth in the human spine occurs not in the 
primary ossification centers of the vertebral bodies but in the 
chondroepiphyseal portions of the endplates. These areas are 
also responsible for circumferential growth. Through a poste-
rior growth plate at the spinous process synchondrosis, poste-
rior elements also demonstrate longitudinal growth. Posterior 
element growth ceases at 5–8 years of age while anterior 
growth continues until ages 16–18. Longitudinal growth is 
the result of endochondral ossification whereas circumferen-
tial growth is due to perichondral and periosteal apposition 
[8]. The term ring apophysis is a misnomer; it is the thickened 
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region of the endplates that undergoes shear and compression 
rather than tension, as a true apophysis. A focus of ossifica-
tion appears at the ages 12–15 around the endplate epiphyses, 
giving rise to the radiological ring. The ring apophysis has 
been implicated in fractures, herniating into the spinal canal 
and mimicking symptoms of a disc protrusion [34].

Also, the disc in the immature spine is a very firm structure 
and more resistant to injury than the vertebral bone [8]. When 
compressive forces act on the immature spinal column, the 
cartilaginous endplate often fails before the annulus, resulting 
in Schmorl’s nodules rather than disc protrusion into the spi-
nal canal as occurs in adults [1, 2, 27]. Compression forces are 
also transmitted as a wave to multiple levels by the more elas-
tic discs, resulting in the multiple compression fractures that 
are seen more commonly in children than in adults [11, 33].

The pediatric spine is in a state of continual change. 
Leventhal proved that the bony column in the immature spine 
is far more elastic than the neural elements and can distend up 
to 2 in. without disruption. The spinal cord, on the other hand, 
can only tolerate stretching up to 0.25 in. [17]. Children under 
8 years of age have increased cervical motion compared to 
older children and adults. This has been shown to be the result 
of relative ligamentous laxity, muscle weakness, incomplete 
ossification, and horizontal orientation of the shallow facet 
joints found in the developing spine. As the cervical spine 
approaches adult size, vertebral bodies become more rectan-
gular, facet orientation changes to the configuration seen in 
the adult, and ligaments and facet capsules increase in tensile 
strength, resulting in a more adult-like pattern of injury. It is 
because of these unique anatomic considerations that spinal 
cord injury without radiological abnormality is more preva-
lent in the pediatric population. The relative size of the head 
compared to the body is larger in children. Added to the 
inherent hypermobility of the pediatric spine, this results in a 
higher fulcrum of motion as compared to the adult (C2–C3 in 
children versus C5–C6 in adults) [15, 19, 28].

Cervical Spine

Injuries to the cervical spine constitute uncommon but none-
theless devastating occurrences to those participating in ath-
letic events. These injuries take place primarily in the contact 
sports of football, wrestling, and ice hockey, with football 
injuries making up the largest number of cases. Due the 
improvements in equipment, education in proper playing 
techniques, offseason conditioning, and rule changes that 
started in the mid-1960s, these accidents were drastically 
reduced in incidence [3, 30]. Reports of the frequency of 
serious neck injuries in football players show variation, from 
quadriplegic injury in 1 in 7,000 participants to 1 in 58,000 
[6, 21].

The major mechanism of serious cervical injury is an 
axial load, or a large compressive force applied to the top of 
the head. This mechanism is especially dangerous if it occurs 
with the neck slightly flexed, as in a football tackle. The rea-
son for this is that when the normal lordotic alignment of the 
cervical spine is negated as occurs in slight flexion and it is 
brought into a straight line, the normal distribution of force 
to the thorax is disturbed and the neck musculature cannot 
assist with shock absorption [40].

The patterns of spinal cord injury are well-known. 
According to severity, they are firstly classified into com-
plete and incomplete lesions. Among the latter are the cen-
tral cord, anterior cord, and Brown-Sequard syndrome. 
Although any kind of spinal cord injury can occur with rela-
tion to sports, the most common sports-related cervical spi-
nal injuries defy these classifications.

The presentation of injuries may be confusing. It may be 
unclear whether an injury involves the central nervous system, 
such as the spinal cord or brain, or peripheral nerves. One such 
injury that demonstrates this situation is the transient weak-
ness seen in one arm after a traction moment, also known as 
“burners” or “stingers.” It is most commonly encountered in 
football players, but it may also be seen in wrestlers [20]. This 
injury occurs when there is head and shoulder contact when 
the head is flexed to the contralateral side with downward trac-
tion to the ipsilateral shoulder, as might occur with a fall. This 
causes traction on the upper trunk of the brachial plexus or on 
the cervical root inside the foramen, especially if an axial load 
to the head or shoulder is involved in the mechanism. The 
burner or stinger is the transient weakness and pain lancing or 
searing in nature that runs through the ipsilateral arm is typi-
cal. This finding lasts for up to 15–30 min, but residual pain or 
neurologic deficit may persist and requires proper manage-
ment. Spinal stenosis increases the incidence of this injury 
threefold, by decreasing the space of the root inside the fora-
men. Typically transient and lasting for up to 15–30 min, 
weakness and a searing, lancing pain in the arm may occur. 
Residual pain or neurologic deficit corresponding to the upper 
trunk of the plexus or cervical nerve root may persist for days 
or months, and proper management is essential.

Incomplete injuries are often hard to classify. Motor loss 
below the level of injury is often complete or nearly com-
plete, while sensory loss may not fit expected patterns in 
many patients. However, this kind of sensory preservation 
predicts a better recovery than complete functional loss does. 
Another form of injury often encountered in contact sport 
athletes, especially football players and wrestlers, is the 
burning hands syndrome. It is characterized by burning dys-
esthesias and paresthesias in both hands, which differ from 
stingers/burners by the longer duration of the symptoms and 
bilaterality. It is associated with repeated cervical trauma 
[20]. It has been proposed that this syndrome is a kind of 
central cord syndrome, where there is selective injury to the 



Pediatric Spine Injuries 1009

central fibers of the spinothalamic tract that carry pain and 
temperature sensation to the upper extremities. This injury 
does not result in permanent loss of function or lasting pain. 
For this reason it might be the result of edema or transient 
vascular insufficiency. Burning hands syndrome has been 
known to occur with both fractures and dislocations of the 
cervical spine and in patients without demonstrable radio-
graphic abnormality.

Transient spinal cord injury (TSCI) is one of the most dif-
ficult situations that may be encountered by the medical care 
provider during an athletic competition. Although usually 
seen in athletes in traditional contact sports such as football, 
wrestling, and ice hockey, TSCI may be seen in any kind of 
sport activity where collisions may occur, such as gymnas-
tics, basketball, and soccer [3].

Fortunately, the incidence of TSCI is quite uncommon. 
It is estimated to be the occurrence of 7.3 per 10,000 partici-
pants in American football [39]. In the majority of patients 
(80%), involvement of all four extremities is seen. The degree 
of involvement may vary; there might be minor weakness and 
sensory deficits or complete quadriplegia. Similar to stingers/
burners, the symptoms usually pass in 15–30 min, but while 
they may last for 24–48 h, they will eventually resolve com-
pletely and complete restoration of painless range of motion 
of the cervical spine will occur. The exact mechanism of 
injury of this pattern remains to be defined [3].

Athletes with TSCI, in whom permanent spinal cord injury 
and any kind of treatable abnormality of the cervical spine 
has been eliminated, there is an increased incidence of cervi-
cal canal stenosis. This disorder is defined as an absolute spi-
nal canal diameter of 14 mm or less and it can be congenital 
or acquired. Most often, it is asymptomatic and TSCI is the 
first sign. The acquired form often occurs in athletes due to 
canal narrowing as a result of degenerative osteophyte forma-
tion. This situation is thought to result from repetitive contact 
sport stresses and constitutes the acquired form of the disor-
der. MRI is the imaging study of choice for clinical decision-
making in these patients. The visualization of the cerebrospinal 
fluid signal and its attenuation in areas of stenosis can be 
observed. Patients who do not have a pattern of cerebrospinal 
fluid distribution concurrent with spinal stenosis on static 
axial and sagittal MRI views are said to have functional 
stenosis and may require flexion/extension MRI studies [42].

Catastrophic spinal cord injury in most athletes is rarely 
connected to innate stenosis. It is related to the structural 
failure of the vertebral column, most often a fracture-dislo-
cation, and it is believed to be caused by techniques during 
play that lead to making initial contact with the top or crown 
of the helmet or head. The exception to this is the syndrome 
of spear tackler’s spine. This consists of four characteristics, 
which are: the use of spear-tackling techniques, loss of cervi-
cal lordosis, radiographic evidence of healed, minor verte-
bral body fractures, and canal stenosis [3, 6, 41].

In addition to syndromes caused by blunt trauma, the 
carotid and vertebral arteries can be injured due to direct 
compression or by a traumatic fracture dislocation. This will 
lead to neurologic injury secondary to vascular trauma [3].

Lumbar Spine

As more and more children have been participating in sports 
in the past decade, lumbar spine injuries have become more 
common. In the pediatric athlete, low-back pain is a red flag 
and deserves a meticulous evaluation. Overuse injuries, 
among them spondylolysis, stress fractures, and spondylolis-
thesis are some of the more common lower-back problems in 
young athletes [4].

The reported prevalence of sports-related lower-back 
problems is 10–15% [13, 25]. Also, pars defects detectable 
with plain X-rays have been reported to be up to 38% in 
prevalence [23]. Female athletes are particularly at risk for 
spondylolysis and idiopathic scoliosis due to unique sex-
related characteristics [25, 43]. Among these factors are hor-
monal and nutritional properties, and low body weight is a 
suspected causative agent though the certainty of this con-
nection remains to be proven [14, 18].

There are several situations in which a growing athlete 
may be susceptible to lower-back pain. Ligamentous laxity, 
lower extremity alignment problems, situations that increase 
lumbar lordosis such as increased femoral anteversion and 
hamstring tightness are some of these situations. The weak-
est component of the growing spine of the athlete is the 
growth plate. Compressive trauma at this site results in 
Schmorl nodules whereas its tensile counterpart may lead to 
apophysitis or apophyseal avulsion fractures. The incom-
plete ossification of the pars interarticularis is a reason why 
this region is particularly susceptible to stress fractures and, 
as a result, spondylolysis [29].

The evaluation of the young athlete with lower-back pain 
should begin with the detailed history of the sport he or she 
has been playing, the duration of their symptoms, their sever-
ity and the frequency, and the level of training the athlete has 
been undergoing. A thorough examination of the spine 
should be performed and special attention paid to paraverte-
bral muscle spasm, spinal range of motion, spinal tenderness 
with palpation, and any kind of neurologic deficit. The hyper-
extension test is performed while the patient stands on one 
foot and hyperextends the lumbar spine. It has been reported 
to be sensitive for pars defects although its specificity has 
been estimated to be as low as 50% [22].

Trauma to the lumbar spine can be classified as macro- or 
microtrauma, with macrotrauma resulting in the commonly 
seen fracture and soft-tissue injury patterns. Macrotrauma 
leads to well-known patterns of injury at any age and does 
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not in particular concern the young athlete. It is repetitive 
microtrauma that most concerns the pediatric athlete and 
thus will be detailed in this text.

Overuse Injuries

Around 30–50% of all injuries in growing athletes are related 
to overuse. Overuse results from exercise that is too strenuous, 
too fast, and performed too often. These parameters are natu-
rally different for every athlete and mild discomfort after exer-
cise is common and not unexpected. However, if symptoms last 
longer than 3 days after a training session, the current exercise 
program might not be suitable for this particular athlete [4].

The most common structural causes for lower-back pain 
in the pediatric athlete are problems related to the pars. They 
are a spectrum of injury, one beginning with fractures due to 
stress and fatigue and ending with spondylolysis and even 
spondylolisthesis.

Sports that include repetitive lumbar flexion and extension 
are especially related to stress fractures. Examples of this are 
swimming and gymnastics. During examination, the physi-
cian should ask the patient to hyperextend the lumbar spine. 
If this causes pain, an overuse injury might be the case. The 
initial imaging modality used in the case of suspicion for 
lower-back pain problems is, as it is in the majority of ortho-
pedic disorders, plain radiography. However, often plain 
X-rays will fail to detect the subtle changes associated with 
stress fractures, also because the anatomy of the lumbar 
region is complex and significant overlap exists between 
bony structures on the plain radiograph. However, alternative 
imaging modalities exist. One of these is the single-photon 
emission computed tomography (SPECT), which has been 
recommended for use in clinical cases with negative X-rays 
if the physician’s suspicion is high. SPECT also detects the 
status of the lesion according to the amount of marker uptake 
at the site: active lesions have increased marker uptake as 
opposed to inactive lesions, which show decreased marker 
uptake. This will aid the clinician in selecting the appropriate 
course of action, as active lesions have a greater chance to 
respond to conservative treatment.

Stress fractures of the pars that are not detected and there-
fore not treated may lead to defects in the continuity of the 
structure of the pars. This situation is termed as spondyloly-
sis. Also, pars defects may be congenital, and they may be 
unilateral or bilateral. As they are thought to share a causative 
etiology with pars defects, hyperextension sports have been 
implicated in the etiology of spondylolysis. Genetic predis-
position may also play a role [31]. Pars defects are more com-
monly seen in boys whereas spondylolisthesis due to pars 
defects is more common in girls [12]. L5 is the level at which 

almost 90% of spondylolytic defects occur, with L4 being the 
next most commonly affected one [38]. The mechanism of 
injury in pars defects is thought to be extension of the lumbar 
spine, where the inferior articular process of the upper verte-
bra impacts the pars interarticularis of the lower vertebra 
repeatedly and leads to a stress fracture here [9, 12, 26].

In the general population, the prevalence of a pars defect 
is estimated to be 5%. Fredrickson et al. started a prospective 
study of 500 first-grade children in 1955 [10]. The preva-
lence of spondylolysis was reported to be 4.4% at 6 years of 
age and it increased to 6% in adulthood. Males were twice as 
commonly affected. Pain was not found to be associated with 
the development of the pars defect. Among those with a pars 
defect, approximately 15% had progression to spondylolis-
thesis. The slip mostly occurred during the period of peak 
growth velocity, and progressed only minimally, if at all, 
after the age of 16 years. Again, progression to listhesis was 
not associated with pain. These individuals were followed 
for 45 years and 30 of them had pars defects. Twenty-two of 
these patients were available for lumbar radiographs at this 
point, and none of them were found to have spondylolisthe-
sis greater than 40%. The progression of spondylolisthesis 
seemed to slow with each decade. The patients were also 
asked to fill out a Short Form-36 (SF-36), a common clinical 
outcome score questionnaire, and another questionnaire par-
ticularly related to back pain. The authors could not detect 
any difference between these patients and an age-matched 
general population group [5].

The first step in the treatment of overuse injuries is the 
identification of the cause. After the cause has been estab-
lished, the athlete’s activities and training schedule can be 
altered to remove it. The restriction of participation in com-
petitions may be met with resistance from the athlete and the 
coach, but nevertheless remains the mainstay of treatment 
and should be used in athletes with disorders at either end of 
the spectrum (simple stress fractures to spondylolisthesis). 
Some authors have suggested that this restriction be imposed 
for at least 3 months. Once the symptoms have receded and 
the athlete is fully recovered, a program better designed to fit 
their requirements should be devised [35, 36, 38].

Conservative treatment of overuse injuries includes brac-
ing for up to 12 weeks with rest, along with an appropriate 
physical therapy regimen. The brace most commonly used 
for this purpose is the antilordotic thoracolumbosacral ortho-
sis. Studies have demonstrated osseous healing of pars frac-
tures in pediatric patients who have been braced for a period 
between 3 and 6 months [24, 37].

The majority of athletes with spondylolysis will respond 
favorably to nonoperative treatment. However, if an athlete 
fails to respond to a well-designed conservative treatment 
regimen, or experiences the recurrence of symptoms after an 
asymptomatic period of time, surgery should be considered. 
Posterolateral fusion remains the gold standard for the 
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treatment of spondylolysis, with success rates in procedures 
performed by an experienced spine surgeon exceeding 90%. 
As an alternative to fusion, direct repair of the pars defect 
may be considered for spondylolysis if no evidence of listhe-
sis exists. This technique has been proposed to offer the the-
oretical advantage of achieving fracture healing while 
preserving motion [32, 38, 40, 44].
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Lumbar Injuries in Pediatric Athletes

Emre Acaro lu and brahim Akel 

Introduction

Sports activities are becoming more popular among children. 
This major increase in sports participation among pediatric 
population brings about an increase in number of young 
competitive athletes. Competition in turn, brings an increase 
in sports injuries.

Incidence of lumbar injuries due to sports-related activities 
is estimated to be around 10%. We also know that scoliosis 
and spondylolisthesis are much more common in athlete girls, 
dependent on the activity, anthropometric parameters, weak-
ened growth plates, hormonal status, and nutrition. Acute and/
or repetitive trauma is the underlying cause in all instances.

Gymnastics, ice hockey, and dancing are the most com-
mon performed activities by the athletes suffering from lum-
bar injury. Low-back pain has an incidence of 86% in 
rhythmic gymnasts; spondylolysis has an incidence of 32% 
among gymnasts and 33% among ballets probably due to 
asymmetrical loading.

Some of the anthropometric parameters increase the ten-
dency to get injured. Increased hip valgus, genu valgum, 
alignment problems characterized by foot pronation, strain 
in hip flexors and hamstrings, increase in femoral antever-
sion causing hyperlordosis can be noted. Growth plate fea-
tures are also important for explaining the pathomechanism 
under young athlete lumbar injuries. Relatively weak growth 
plates undergoing compression may easily develop Schmorl 
nodules whereas tension can cause avulsion fractures and 
apophysitis. Injury to growth plates of pars interarticularis 
can lead to spondylolysis.

Evaluation and Management of the Lumbar 
Injury Patient

Getting information about type and level of activity is 
important. Presence of lumbar flexion (weightlifting), lum-
bar extension (gymnastics, dancing, wrestling), and lumbar 
rotation (tennis, golf) during sports activity should be 
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noted. Activity load is another important factor. A 15 h/week 
load is threshold for injury in gymnastics. More than 10% 
increase in weekly activity and back pain lasting over 
3 weeks needs to be investigated.

Lower extremity alignment, gait, SI and hip joints should 
be examined. Neurological examination should be per-
formed. Spine must be evaluated for presence of any points 
of tenderness, spasm, and range of motion. Straight leg raise 
and FABER tests must be done.

Overuse injuries (30–50%), pars problems like stress 
fractures, spondylolysis and spondylolisthesis, disk hernia-
tions, and SI joint problems are the mostly encountered 
injury types.

Overuse Injuries

Mild pain after physical activity is normal. Severe pain may 
be disguised by the athlete. Pain lasting more than 3 days 
indicates overload. NSAID and ice are the first-line manage-
ment options. After that, exercise must be stopped and patient 
should be rehabilitated in three steps (acute stage, healing 
stage, functional stage).

Risk factors include errors in training (sudden overload), 
problems in power versus elasticity, problems in alignment, 
phases of rapid growth, associated medical problems, mechani-
cal factors, problems with shoes and surface (concrete, 
asphalt, dirt..) [2].

Early diagnosis and treatment is important. Treatment 
can be conservative. Elimination of possible risk factors 
is the key in management of the injury. Stanitsky under-
lined the algorithm as identifying the reason, eliminating 
if possible, control of pain, active rehabilitation, and 
follow-up [3].

Pars Problems

Stress fractures of the pars usually follow an acute injury 
during gymnastics, football, diving, swimming, and dancing. 
Lumbar pain may be absent. Single leg stance lumbar exten-
sion may be painful. Injury may not be visible on X-rays. 
SPECT may reveal hot/active lesion [1].

Achieving a healed fracture is the aim in treatment of pars 
fracture. Patient is braced around 3 months. Exercises pro-
viding hamstring flexibility and trunk muscle strengthening 
are given. Patient is allowed back to exercise in 3 weeks if 
physical examination turns to normal, if pain does not sub-
side treatment is extended to 12 weeks.

Spondylolysis

Spondylolysis is a defect in pars interarticularis. Condition 
may be unilateral or bilateral. Genetic propensity is speculated 
to be important. Spondylolysis usually goes silent. Risk factors 
are being in rapid growth period and performing hyperexten-
sion sports. Pain increases in hyperextension. Alignment of the 
spine, any dysplasia and slip may be diagnosed by plain X-rays. 
Fracture is visible on oblique X-rays in 32% of patients. SPECT 
and/or CT (reverse gantry) are important diagnostic tools.

Disease can be staged as early, progressive, and terminal. 
Bracing reveals 73% healing in early stage whereas it has no 
effect in terminal stage.

Early conservative treatment involves rehabilitation and 
bracing (may be extended up to 6 months). Patient is allowed 
back to training in 4–6 weeks if comfortable.

Spondylolisthesis

Spondylolisthesis is slippage of one vertebral body over the 
other. It is a chronic process which has three types in chil-
dren, isthmic, elongated pars type, and acute fracture. Disease 
is most frequently observed at L5 vertebra.

Physical examination reveals pain in hyperextension, pal-
pable set between spinous processes, hamstring tightness, 
and rarely radicular symptoms.

Treatment is conservative if slip is less than 50%. Patient 
is allowed back to training if pain subsides. Patients with risk 
factors like female gender and immaturity must be followed.

Surgery is considered in slippage more than 50% or unre-
lenting pain.

Lumbar Intervertebral Disk Herniation

Lumbar disk herniation is less frequent in adolescents. 
Loading in flexion (weightlifting) is a major risk factor. 
Straight leg raise is rarely positive.

Treatment involves rest less than 2 days, lumbar stabiliza-
tion exercises, epidural injections, and surgery. Surgery is 
encountered for patients with unrelenting pain or neurologi-
cal deficit and cauda equina syndrome.

Sacroiliac Joint Problems

Pain in hyperextension over the joint is diagnostic in sacro-
iliac joint problems. Positive FABER test is an important 
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sign. Differential diagnosis should involve fractures, 
inflammatory diseases, and infections. MRI is an important 
diagnostic tool.

Treatment involves peripelvic lumbar stabilization exercises.

Summary

Lumbar injuries are more frequent than previously thought 
in pediatric population. Some high risk activities can be 
emphasized. Lumbar injuries are the most treatable ones and 
patients mostly can go back to sports.
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Management of Patellofemoral  
Problems in Adolescents

Semih Aydo du 

Introduction

Two main categories of problems related to patellofemoral 
joint are frequently encountered in children and adolescents: 
Instability and patellofemoral pain. Limits of both condi-
tions are not clear, and sometimes and in some parts, both 
conditions may overlap each other. Making matters more 
complicated, each condition has a broad spectrum of dis-
eases, from congenital to acquired, and from single trauma 
to overuse and overload injuries [9]. In this chapter, we try 
to delineate each condition with its common and character-
istic features.

Patellofemoral Instability (PFI)

Description and Classification

PFI can lead to both early and long-term morbidity. It may be 
seen either as an acute and very dramatic problem or as long-
term and relatively limited complaints. In this group of dis-
eases, different clinical appearances of a large spectrum of 
disorders need to be evaluated (Table 1). Most of the cases 
present recurrent instability attacks which do not respond to 
conservative treatment whereas some patients suffer from 
only single episode of dislocation. Patients with minor degree 
of subluxation are usually diagnosed inaccurately. PFI cases 
seen in various congenital and syndromic diseases (Down, 
Ehlers-Danlos, multiple epiphyseal dysplasia) could be diag-
nosed early in childhood, but considerable difficulty in treat-
ment is encountered.

Only those patients with “single episode of dislocation” 
and “recurrent PFI” face difficulties during sports activi-
ties; those in other categories are more severely handi-
capped, which in general, does not allow them to lead an 
active sports life.
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Epidemiology

Acute patellar dislocations are commonly seen in 13–20-
year age period. The average age during the first occurrence 
is 11 years. Earlier PFI cases seen in 7–8 years of age related 
to the high sportive activity have been reported. Different 
types of sports activities, especially football and basketball, 
may cause injuries leading to acute patellar dislocations. All 
patellar dislocations except for iatrogenically overcorrected 
ones are in lateral direction. Although acute dislocations 
attract more attention because they occur during sports activ-
ities; recurrent PFI episodes may hinder all sports activities 
in youngsters. The risk of recurrence is higher if the first epi-
sode of dislocation has occurred below 15 years of age [7].

Predisposing Factors

In patients with recurrent patellar dislocation, some predis-
posing anatomical factors are commonly associated (Table 2). 
Trauma alone rarely causes PFI. In fact, patients with PFI are 
cases with “knee-at-risk” waiting for a dislocation attack. The 
medio-lateral or supero-inferior localization of the patella, 
any change in its tilt or rotation may cause PFI by changing 
its tracking. All PFI cases do not have to present knee exten-
sor malalignment; the reverse is also right: all cases with knee 
extensor malalignment do not have to present clinical insta-
bility of patellofemoral joint. Malalignment (static abnormal-
ity of alignment) and maltracking (dynamic abnormality of 
alignment) are only changes in relationships of bone and soft 
tissues in knee extensor mechanism which can be completely 
asymptomatic [5]. The term PFI can be used only if these 
relationship abnormalities cause clinical complaints.

Injury Mechanism

The injury which causes PFI is usually noncontact and indi-
rect. Typical mechanism is internal femoral rotation as the 
foot is stable on the ground and the knee is in valgus posi-
tion. The tension in the extensor mechanism creates a strong 
lateral vector and exceeds the strength of medial patellar  
stabilizing soft-tissue structures. This type of mechanism is 
commonly seen in sudden turn sides during sports or daily 
life activities. A completely dislocated patella off the patellar 
groove to the lateral of LFC, can be reduced by the patient 
himself or herself or anyone else by simply extending the 
knee. As a result, only a swollen and painful knee can be 
seen by consultant orthopedic surgeon. The history described 
by the patient is really important in this situation for the diag-
nosis. The definitions of going out laterally and relocating 
sensations of the patella are very useful for differentiating 
the event from meniscus or ACL injuries, which may present 
similar clinical pictures.

Pain, swelling, and limited mobility can cause difficulty 
in examination after an acute patellar dislocation. It is not 
necessary to aspirate the joint in order to prove hemarthrosis. 
Maximum tenderness point is located on the torn medial soft 
tissues (medial retinaculum). Pushing patella laterally causes 
discomfort (apprehension test).

Clinical Evaluation

Evaluation of recurrent PFI cases is more complicated. The 
diagnosis is relatively easier if the patient is able to describe 
the sense of instability. But, the patient may also complain 
about the limited pain and discomfort occurring occasion-
ally. In this case, differential diagnosis with other knee disor-
ders is of great importance:

Lower extremity alignment: Since one or more lower 
extremity alignment abnormalities (increased hip antever-
sion, genu valgum, increased external tibial torsion, pes 
plano-valgus, etc.) accompany with PFI in many cases, 
the patient should be evaluated for these problems while 
lying down, standing, and walking.
General ligament laxity: Since most of the PFI cases pres-
ent general laxity, it should be searched. More than 10° of 
hyperextension in knee and elbow and more than 90° of 
hyperextension in hand metacarpophalangeal joints may 
refer to “hypermobility syndrome.” Given less force is 
needed to dislocate the patella in these cases, soft-tissue 
damage is limited, and accompanying chondral and osteo-
chondral injuries are encountered less frequently and 
clinical improvement is obtained in relatively shorter  
time of period.

Table 1 PFI classification

A. Congenital
B. Acquired
 1. Single episode of dislocation
 2. Recurrent
 3. Habitual
 4. Persistent

Table 2 Anatomical factors predisposing to patellofemoral instability

hypoplasia of the lateral femoral condyle (LFC )]
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Q angle: Clinical evaluation of the vector forcing patella 
in lateral direction is important for proving knee extensor 
mechanism malalignment. Although some disagreements 
persist on how to measure it (knee in flexion or extension 
position) and how the limits are, it should be considered 
as an adjunct to the symptoms.
Apprehension test: A positive result should not be expected 
in every PFI case even though it is worth if present. 
Apprehension might not be so apparent despite the 
increased patellar mobility in hypermobile cases.
Quadriceps tightness/shortness: creates a tendency to PFI 
by pushing the patella proximally and reducing the lateral 
bone support. It is diagnosed by insufficiency or asymme-
try in bringing the heel to the buttock in prone position.

Imaging

Imaging modalities (direct radiography, computerized 
tomography [CT], magnetic resonance imaging (MRI)) are 
needed in order to verify clinical suspicion on PFI and search 
other pathologies. Many methods and parameters are 
described. But the PFI should be diagnosed clinically, not 
radiologically. Imaging modalities may display normal or 
only slightly abnormal findings in acute or recurrent disloca-
tion cases. Articular cartilage injuries, which are frequently 
seen arthroscopically, are not sufficiently displayed even 
with MRI unless special sequences are used (Table 3).

Management

An acute patellar dislocation is reduced under IV sedation 
and sometimes general anesthesia by simple pushing it medi-
ally while extending knee if it is not reduced before. Following 
the reduction, new and more functional methods such as 

functional braces have replaced the conventional cast immo-
bilization. A 2–4-week period of immobilization according 
to the intensity of complaints, cold therapy, and NSAIDs are 
other symptomatic modalities to be done.

In children and adolescents, rehabilitation modalities 
(quadriceps – especially vastus medialis – strengthening and 
lateral retinaculum stretching) which have an important place 
in management of acute and recurrent PFI cases in adults, 
cannot be performed for sufficient time and intensity. It is 
also difficult to get modifications in frequency and intensity 
of sports activities and compliance for preventive modalities 
in children and adolescents.

Surgery

No early surgical interventions are indicated in youngsters 
with an acute patellar dislocation unless a loose osteochon-
dral fragment large enough to cause locking symptoms and to 
be saved or a rare unreducible dislocation is present. Surgical 
treatment is indicated in recurrent PFI cases. Technique of 
choice should be performed in case-by-case basis and no 
single method is efficient in every case (Table 4). About 
360 types of operations all advised for PFI express how com-
plicated and how difficult the treatment is.

Whereas proximal (soft tissue) and distal (bone) realign-
ment procedures are usually combined in adults, distal bony 
procedures are not preferred in immatures because of the risk 
for apophysis of tibial tuberosity. By proximal soft-tissue pro-
cedures, the tight lateral retinaculum is released and efficiency 
of medial supporting structures are increased (vastus medialis 

Table 3 Imaging modalities for PFI

Modality Advantages

Conventional radiography Loose fragments, osteochondral 
defects (patella medial facet and 
LFC), patellar subluxation 
(tangential view)

Computerized tomography Evaluation of comparative bone 
anatomy in axial plane end 
extension

Magnetic resonance imaging Accompanying soft-tissue injuries 
(cartilage, meniscus ligament), tear 
in the medial retinaculum, bone 
contusions in patella medial facet, 
and LFC (acute cases)

Table 4 Anatomical structural factors and related treatment modalities 
in PFI

Anatomical 
abnormality

Radiographic 
definition

Surgical 
management

1. Trochlear dysplasia Trochleoplasty

2. Quadriceps dysplasia 
(vastus medialis 
insufficiency)

Patellar tilt (static 
and dynamic)

Vastus medialis 
plasty

3. Quadriceps  
(vastus lateralis) 
hyperactivation

Patellar tilt Lateral retinacular 
release

4. Patella alta Patellar index Osteotomy of tibial 
tuberosity (TTO) 
distalization

5. Increased Q angle Tibial tuberosity-
trochlear sulcus 
interval on CT 
sections

Osteotomy of tibial 
tuberosity (TTO) 
medialization
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advancement, repair/reconstruction of the medial patellofem-
oral ligament). But, for a definitive treatment of PFI, the 
malalignment in the knee extensor mechanism should be cor-
rected and the excessive lateral vector should be normalized 
by medialization or anteromedialization osteotomy of tibial 
tuberosity. As these procedures are contraindicated in chil-
dren and adolescents, some distal soft-tissue procedures can 
be performed instead (Galeazzi’s operation; the tenodesis of 
semitendinosus to the patella or, Goldthwaite’s operation; the 
transfer of lateral half of the patellar tendon medially). The 
patient and parents should be informed about the possibility 
of ongoing instability episodes related to relative insufficiency 
of the distal realignment procedures and about the possible 
need for a subsequent operation after the bone maturation.

In general, recurrent instability episodes are well con-
trolled by combined (soft tissue + bone) surgical approach; 
but accompanying pain and progressive cartilage degenera-
tion are not so easy to control, particularly in cases with car-
tilaginous damage.

Patellofemoral Pain Syndrome (PFPS)

Description and Terminology

PFPS or anterior knee pain (AKP) is a common musculoskel-
etal disorder in adolescents. As a wide range of etiologies is 
possible in adolescents with knee pain, differential diagnosis 
is of great importance [10]. In the past, extremely variable ter-
minology has been used to define what we call PFPS or AKP 
today: Chondromalacia patellae, patellofemoral malalignment 
or maltracking, lateral hyperpressure syndrome, lateral patel-
lar compression syndrome, retinaculitis, etc… Sometimes, 
even instability cases have been related to PFPS. Patients who 
have minor degrees of patellar instability can suffer from pain 
around the knee without having any objective finding.

Clinical Picture

Unlike many diagnoses of the knee, there is no classic, distin-
guishing physical or radiographic finding to identify PFPS [6]. 
But some common characteristics of disease have been identi-
fied: they are predominantly girls suffering generally from 
bilateral pain. In general, there is no history of trauma except 
overuse. A direct blow to the anterior side of the knee joint is 
present only in the minority of patients. The onset of com-
plaints is slow and insidious. The pain exacerbates after stren-
uous activity and may almost disappear for a period. The main 
characteristic is that though the patient complains of severe 
pain; objective clinical and radiological findings are extremely 

limited [1]. Even under arthroscopy, there might be no obvi-
ous pathology. No damage is visible on the surface of patella 
and patellar sulcus except some softening. The absence of 
objective findings combined with incidental findings in imag-
ing modalities (particularly MRI) may cause unnecessary 
operations on some innocent structures, such as meniscus.

The patient complains about the pain localized on the 
anterior and sometimes anteromedial side of the knee caus-
ing accusing of meniscus as a responsible structure.

The pain appears most intensively during going down 
stairs or sitting for a long period with knees in flexion (movie 
sign) and disappears when the activity stopped. In some 
cases, knee joint effusions, sensation of catching and locking 
may be associated with pain. These complaints which direct 
to search a mechanical pathology, namely meniscal injury, 
complicate the differential diagnosis. Sports activities includ-
ing running and jumping exacerbate pain. On the other hand, 
walking on the level ground is relatively painless.

Clinical examination may reveal only variable amount of 
tenderness on the superolateral or inferomedial retinacular tis-
sues of the patella or patellar facets. Lateral retinacular tissues 
might be tight and medial motion of the patella might be lim-
ited. There is no patellar apprehension. Some degree of mala-
lignment (increased Q angle or J sign) can be detected during 
physical exam. Crepitation with patellofemoral origin is excep-
tional in this age group. Patients could have patellar pain by 
manually compressing the patella to the femur (Patellar com-
pression test). But, this test also lacks uniformity on the perfor-
mance. By compressing on a wide area containing multiple 
peripatellar structures which are well-innervated and capable 
of being pain generators, it is possible to get some pain even  
in normal, asymptomatic cases [2]. The association of these 
signs might lead to make the diagnosis easier; but sometimes 
there is no objective finding supporting patient’s complaints.

Imaging

Even more complicating is that no unique imaging finding is 
characteristic for PFPS. In the past the association of high 
riding patella, shallow patellar sulcus, and lateralized or 
tilted patella has been searched. But none of them has a con-
stant and reliable association. So, the diagnosis of PFPS 
should be based on patients’ symptoms and physical exam 
findings. Imaging modalities can incidentally give informa-
tion about unexpected, but PFPS provoking problems, such 
as osteochondroses, bipartite patella, etc.

The most frequent problem about PFPS is the achieving 
accurate diagnosis. These patients are diagnosed erroneously 
and often subjected to unnecessary procedures. Therefore, 
the correct diagnosis and informing the patient is of great 
importance for those cases.
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Source of PF Pain

Although the reason for pain in PFPS is not exactly understood, 
synovial irritation caused by the cartilage degradation-related 
chemicals released into the joint, increased subchondral bone 
pressure and excessive stress in peripatellar soft tissues are some 
of the proposed factors. Fulkerson was the first drawing atten-
tion to the retinaculum as the origin of pain in patients with 
PFPS [3]. He commented that early patellofemoral pain could 
appear in many young patients before gross evidence of chon-
dromalacia became obvious arthroscopically. In his opinion, 
this pain was primarily retinacular and related to overuse [3]. 
Fulkerson also commented on the possible role of malalignment 
and related the overload of retinaculum and subchondral tissue 
to the imbalance (malalignment) of the extensor mechanism of 
the knee [4]. He stated that this imbalance or injury activated 
nociceptive fibers in the bone, synovium, and retinaculum. In a 
recent study, medial patellofemoral ligament (MPFL) has been 
described as the main pain generator in adolescents with AKP 
[6]. All patients included in this study had a consistent pain cen-
tered at MPFL at the anteromedial knee. This finding can often 
be mistaken as a medial plica or a medial meniscus tear [6].

Symptoms like giving way or buckling described by some 
PFPS patients have been explained by a negative reflex arc 
between ligamentous and muscular structures [2]. Anterior 
knee has a rich nerve supply consisting of substance P nerve 
fibers, Ruffini receptors, and free nerve endings in both reti-
nacula. A hypothesis relating chronic retinacular injury and 
ischemia due to tension overload with pain and pathologic 
neural development has been established [11].

Natural Course

Although the pain affects sports and even daily life activities, 
PFPS is a benign-in-nature disorder. Sometimes, pain around 
the knee joint(s) beginning in the very young frighten the 
patient and his or her parents about the progressive nature of 
the disease and possible disability. But, AKP in adolescents 
does not necessarily or even routinely lead to a lifetime of pain 
or arthritis [1]. Although patients may have pain severe enough 
to seek different medical advices and even surgeries, some 
nihilism is warranted after informing patient and parents.

Treatment

The basis of management of PFPS cases is to modify 
 pain- provoking activities until the symptoms completely dis -
appear. By eliminating “supra-physiologic loads” and aggra-
vating acti vities, “Patellofemoral load acceptance capacity” 

should be restored [6]. But, it might be extremely difficult to 
limit activities in adolescents and preadolescents who want to 
return to sports in the short term. They can easily accept hav-
ing an operation for this return. The only way to get the 
patient to comply is to inform and convince both the patient 
and his or her relatives. They ought to know this disease can-
not be cured by a simple arthroscopic procedure. Quadriceps 
strengthening and stretching exercises and pain-relieving 
symptomatic treatment modalities are other components of 
the treatment. In patients not responding to the activity modi-
fication and exercise program; patellar taping, knee sleeves, 
foot orthotics, physical therapy modalities (electrical stimula-
tion, phonophoresis, or iontophoresis) can be added to the 
conservative treatment program.

Surgery

Conservative treatment should be continued patiently unless an 
anatomical structural abnormality which might explain patient’s 
complaints is present. In up to 80% of PFPS cases conservative 
measures are effective. Surgical treatment should be avoided in 
adolescents and preadolescents in whom a structural abnormal-
ity does not accompany with PFPS. If surgical intervention has 
to be conducted, only soft-tissue procedures can be performed, 
since bony procedures can alter lower extremity alignment and 
length in a growing child or adolescent. In order to confirm 
PFPS diagnosis, there is no need to perform an arthroscopic 
examination. Arthroscopic finding of relative absence of any 
articular cartilage changes in patients with PFPS led only to 
abandon the term “chondromalacia patellae” to define this 
pathology. In fact, it has been demonstrated arthroscopically 
that up to 40% of normal knees could have chondromalacic 
changes [8]. Therefore, there is no correlation between symp-
toms of patients and retropatellar changes.

In patients with recalcitrant pain and tight lateral retinacu-
lum, arthroscopic lateral retinacular release may be procedure of 
choice. Although the exact mechanism through which lateral 
retinacular release provides pain relief is not well understood, 
there is enough literature supporting to use lateral retinacular 
release in PFPS cases not responding to conservative treatment.

Conclusion

Children and particularly adolescents can have a broad spec-
trum of patellofemoral disorders. From congenital abnor-
malities to overload during everyday activities can provoke 
these problems. Conservative measures should have the pri-
ority in the management; surgery should be reserved for only 
recalcitrant and highly symptomatic cases.
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ACL Injuries in Children

Romain Seil, Philippe Wilmes, and Dietrich Pape 

ACL Injuries in Children and Young Adults

Currently, the therapeutical approach to ACL injuries in 
physically active children and adolescents is controversially 
discussed. Unlike in patients after epiphyseal growth stop, 
the standard techniques for ACL reconstruction, implicating 
tunnel drilling through the femoral and tibial growth plates, 
hold the risk of an early closing of the physes, leading to 
growth disturbances and differences in leg length [32].

In prepubertal and pubertal patients, bony avulsion and 
isolated ligament tears are differentiated. Bony avulsion frac-
tures are more likely to occur in prepubertal children [31], 
whereas ligamentous lesions, subdivided into partial and total 
ruptures, are predominant in pubertal youths [33]. The preva-
lence of complete midsubstance tears in children amounts to 
3–4% of all ACL ruptures according to the literature [7, 8]; 
their annual incidence is estimated to be 1/100,000 inhabit-
ants [27] (Fig. 1). Due to the improvements in clinical and 
apparative diagnostics, together with an increase of high-risk 
sports as well as organized sports in children and adolescents, 
they are increasingly diagnosed [1, 20, 26]. A recent prospec-
tive study from France, including 225 severe knee injuries in 
children, showed that these injuries rarely occur before the 
age of 9 years. In 76% of the cases, the injury resulted from a 
sports accident; 27 children (12%) had ACL tears, whereof 
15 were bony avulsions and 10 ligament lesions [5].

For many years, the majority of these injuries have been 
treated conservatively before the end of the growth period. 
However, the subsequent laxity of these knees often resulted 
in secondary meniscus lesions and early osteoarthritis [1].  
A main problem in this context is that the physical activity of 
these children can only be restricted for a brief period after the 
acute injury phase.

Secondary Cartilage and Meniscus Lesions 
with Nonoperative Treatment

The natural history of ACL tears in children has not been 
completely elucidated yet. However, there is strong evidence 
that the laxity resulting from these tears constitutes a 
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prearthrotic condition [1, 6, 11, 14, 19]. The degenerative 
process often starts with secondary meniscus lesions. Initial 
meniscus lesions have been described in 36–100% of the 
midsubstance ACL tears in children [3, 6, 17], secondary 
meniscus lesions were seen in 75% of the cases within the 
first year after the ACL tear [6]. Millet et al. as well as Henry 
et al. found that a delay in surgical treatment was associated 
with a higher incidence of medial meniscal tears [13, 18]. 
On the other hand, Woods et al. (2004) stated in a case con-
trol study including 13 adolescents with open physes, in 
whom the ACL reconstruction had been delayed until clos-
ing of the physes, that the rate of intra-articular knee disor-
ders was not significantly higher than in the healthy group. 
Yet, there was a trend toward a larger number of medial 
meniscus lesions in those patients with a chronic ACL insuf-
ficiency (>6 months), although the statistical power was not 

sufficiently high to give statistically significant results. The 
investigators concluded that an absolute restriction of the activ-
ity level was necessary in order to reduce the risk for intra-
articular lesions [34]. Several authors have observed the 
development of an early osteoarthritis within this patient 
group over the years [1, 14, 19].

Functional evaluations after midsubstance ACL injuries in 
children have only recently been mentioned in the literature. 
Using four different single-leg hop tests, isokinetic measures of 
muscle strength, and three functional scoring systems (IKDC 
2000, KOS-ADLS and Lysholm) Moksnes et al. (2008) classi-
fied the patients into “copers” and “non-copers.” Twenty-six 
children (20 non-operated and 6 operated) were assessed. 
Sixty-five percent of the conservatively treated patients returned 
to their preinjury activity level, 50% were classified as “copers”; 
secondary meniscus lesions were observed in 9.5% of the cases. 
In the surgical group, 67% were classified as “copers.” It was 
concluded that a delayed ACL reconstruction could lead to a 
successful result in the majority of cases [21].

The authors thus propose the following treatment algorithm: 
in isolated ACL ruptures, a conservative treatment with tight 
follow-up should be preferred to an early reconstruction. A 
structured rehabilitation program over a 3–6 months period is 
suggested, whereas normal physical activity is allowed. In piv-
oting sports, a special brace should be worn. The indication for 
surgical ACL reconstruction is given after completion of length 
growth, in case of secondary meniscus lesions and with 
repeated giving-way manifestation [22].

The therapeutical challenge lies in keeping the balance 
between operative treatment, with the risk of damage to the 
physes and subsequent growth abnormalities, and conservative 
treatment, with a high probability to induce secondary menis-
cus lesions and possibly leading to an early osteoarthritis.

Growth and Maturation of the Knee Joint

Three epiphyseal cartilages of the knee are immediately 
affected by an ACL reconstruction. The distal femoral 
growth plate, the proximal tibial growth plate, and the apo-
physis of the tibial tuberosity are those epiphyses with the 
highest growth potential in the human body. Together, they 
account for two-third of the length growth of the lower limb 
(at an average of 34 cm in women and 38 cm in men). Sixty 
percent of the lower limb growth is due to the femoral and 
40% to the tibial physis. The growth potential of the knee 
joint adds up to 7.3 cm in girls and 12.3 cm in boys between 
the 10th and the 16th year of life. The closure of the physes 
is expected at a skeletal age of about 14–15 years, whereas 
in boys, the physiological growth stop occurs about 2 years 
later [24]. It is important to emphasize the fact that not the 
chronological, but the interindividually comparable skeletal 
age is of importance.

a

b

Fig. 1 ACL tear in the right knee of an 11-year-old boy. Sagittal view 
on MRI (a), arthroscopic view with empty lateral wall (b)
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With regard to surgical treatment, important factors are

1. Before puberty, the growth velocity of the physes around 
the knee is about 2 cm per year. The pubertal growth spurt 
is less pronounced at the lower limb than at the trunk. 
There is a slight increase in growth velocity toward a skel-
etal age of 11 years in girls and 13 years in boys. It then 
rapidly decreases from the 13th (girls), respectively, the 
15th year on and comes to a stop 1 year later [12]. During 
this slower growth phase the risk for a premature iatro-
genic closing of the physes might be highest because the 
growth plate could only apply an insufficient distraction 
force if transphyseal bars or bony bridges would occur 
(Fig. 2).

2. Closing of the growth plates begins centrally and evolves 
centrifugally. With transphyseal tunnels, this is especially 
important for the femoral tunnel lying eccentrically in the 
posterolateral region of the physis. Thus, here, the physis 
is longer open than in the centrally located region of the 
tibial tunnel.

3. The apophysis of the tibial tuberosity only closes between 
the 16th and the 18th year of life [25]. It should also be 
protected while preparing the tibial tunnel entry or while 
harvesting the graft.

Indications for ACL Reconstruction  
in Children

In an acute setting, a conservative treatment should be initi-
ated in the first weeks after the trauma. An ACL repair within 
the first 4–6 weeks is not recommended. The only exception 

would be the association with a dislocated bucket handle 
meniscus tear where all efforts should be undertaken to save 
and repair the meniscus. Even in such a situation, we would 
recommend to perform an ACL reconstruction only in a sec-
ondary procedure after having thoroughly discussed the 
potential risks of both the non-operative and the operative 
approach with the child and the parents. We do regularly 
encounter situations where children sustain their knee injury 
during organized sports. In such cases, the children and their 
parents do often ask for a surgical procedure and have the 
same expectations as adults when it comes to return to sports. 
We do strongly advocate the fact that the primary goal of a 
possible ACL reconstruction is a good knee function in the 
long term and not the youngster’s short-term sports career.

In a chronic setting, it is important to be aware of the fact 
that children do not often perceive the signs of knee instabil-
ity described by adults. Furthermore, knee injuries are still 
regularly underestimated by the treating physicians leading to 
a frequent delay in the diagnosis of ACL tears in children [5]. 
For these reasons, the ACL injury appears frequently only at 
the moment when a secondary – mostly medial – meniscal 
tear occurs. In these cases, ACL reconstructions should prob-
ably be considered early and the aim of ACL surgery would 
be the prevention of early osteoarthritis. In order to facilitate 
the decision-making process, future efforts should be made 
to better evaluate the functional performance of children 
with ACL tears allowing to differentiate copers from non-
copers. While a normal physical activity in daily life should 
be possible after ACL reconstructions in children, it is 
unknown to this day whether competitive sports can be 
recommended.

Preoperative Assessment and Planning

The puerile knee joint has a more important laxity than the 
adult joint. An anterior laxity of 4 mm, for example, is nor-
mal in 10-year-old children (Fig. 3) [4]. A decrease is 
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Fig. 2 Growth velocity of the physes around the knee in relation to 
skeletal age. This diagram allows a quick preoperative categorization of 
the patients. During the first phase (rapid acceleration phase, orange), 
the growth plates around the knee have a high growth velocity of about 
2 cm/year. The use of so-called “child reconstruction techniques” is 
mandatory in this phase. From the 13th year on in girls and the 15th in 
boys, growth velocity rapidly decreases (gradual deceleration phase, 
red) until growth stop of the lower limb at the age of 14 in girls and 16 
in boys. From this moment on, “adult techniques” can be used. During 
the phase of decreasing growth velocity, the risk for an early closing of 
the physes might be higher and thus a waiting attitude toward recon-
struction should be considered until growth stop

A
nt

er
io

r 
la

xi
ty

 (
m

m
)

Age (years)

6

5

4

3

2

1
10 11 12 13 14

Fig. 3 Physiological anteroposterior knee laxity at the time of puberty. 
With increasing maturity, laxity decreases to values comparable to adult 
ones (From [4])
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observed during maturation, at about the 12th year in girls 
and the 13th year in boys. There are parallels to the final 
maturation of the growth plates. Because of this increased 
anterior laxity, clinical assessment must always include the 
contralateral side. Considering the fact that theoretically 
25% false positive diagnoses are likely to occur in the MRI 
interpretation of ACL tears in children, the importance of the 
ACL status in clinical assessment becomes clear. The diag-
nostic process is further complicated by an abnormal Pivot-
Shift-Test in asymptomatic puerile knees due to this higher 
anteroposterior laxity. Moksnes et al. described a pathologi-
cal grade C and D Pivot-Shift-Test in 85% of the normal 
knees they assessed [21].

The standard radiological diagnostics should include AP, 
lateral, and patellofemoral views, as well as a 45° tunnel 
view for assessment of bony avulsions of the femoral liga-
ment insertion. Preceding each surgical intervention on open 
growth plates, the determination of the skeletal age and the 
remaining growth potential using x-rays of the left hand and 
the tables by Greulich and Pyle are necessary. According to 
the skeletal age, patients can be subdivided into the three cat-
egories listed in Fig. 2. This approach has been confirmed in 
the clinical routine with prepubertal and pubertal children 
and simplifies the evaluation of the perioperative risk. 
Furthermore, a bilateral long leg standing x-ray should be 
systematically obtained preoperatively in order to document 
the axes and possible preoperative differences in leg length 
(Fig. 4).

The preoperative assessment of MRI is often difficult. 
It has been shown that the sensitivity of MRI in diagnostics 
of intra-articular disorders in children under 12 years only 
amounts to 62%, with a specificity of 90%. In the age group 
of 12–16 years, sensitivity and specificity increased to 78% 
and 96%, respectively [15].

Surgical Techniques for ACL  
Reconstructions in Children

There are many techniques for ACL reconstructions in chil-
dren. They differ in the type, placement, and fixation of the 
graft. Basically, they can be divided into transphyseal and 
growth plate preserving techniques (Fig. 5). The latter can 
again be subdivided into those with the graft bypassing the 
growth plates and those with purely epiphyseal tunnels. They 
are technically more demanding and do not necessarily allow 
for an anatomical ACL repair.

Intra-articular Techniques for ACL 
Reconstructions

The extra-articular reconstruction techniques, often  
performed in the 1980s and 1990s, did not have the 
expected results (Table 1). Newer recommendations tend to 

Fig. 4 Standard radiographs for the preoperative planning of an ACL reconstruction in children: AP (a) and lateral (b) views, patellofemoral view 
(c) AP view of the left hand to determine the skeletal age (d) bilateral long leg standing view (e)
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extrapolate the successful adult intra-articular techniques 
to children and adolescents. Two different intra-articular 
procedures are presented: the arthroscopically assisted 
transphyseal single tunnel technique and an extraphyseal 
technique (Clocheville technique) (Fig. 6). The arthroscopic 
single tunnel technique uses a multiple-strand hamstring 
graft, with extracortical graft fixation. The procedure dif-
fers only minimally from the adult technique. Graft diam-
eter generally varies between 6 and 8 mm. In order to 
minimize the risk of a tibial growth plate injury, the tibial 
tunnel is positioned more vertically than in adults. The tun-
nel entrance is chosen a bit more dorsally to protect the 
apophysis of the tibial tuberosity [29]. An injury of the  
perichondral structures can be avoided by using a femoral 
drilling guide with a 5 mm offset, thus preventing a blow-
out of the posterior cortex of the femur (Fig. 7). Table 2 
summarizes the technical recommendations for the trans-
physeal ACL reconstruction technique. The extraphyseal 
(Clocheville) technique uses the mid-third of the patella 
tendon. Instead of bone plugs, a periosteal flap is harvested 
at the patellar and the tibial insertion sites. The femoral tun-
nel is positioned proximally to the growth plate. On the 
tibial side, the graft is fastened at the epiphysis in a 1 cm 
deep bone trough. This procedure is technically more 
demanding than the arthroscopic single tunnel technique.  
It has been used for many years, especially in very young, 
prepubertal children.

Rehabilitation is similar for both techniques, although 
more carefully handled than in adults. Children are allowed 
to bear weight on the operated leg in an extension brace over 
a period of 6 weeks; sports activities can generally be 
resumed after 6 months.

Fig. 5 Schematic representation of different techniques for intra- 
articular ACL reconstruction in children. Left: Growth plate preserving 
technique. The tendon graft is conducted around the tibial and the fem-
oral physis [9]. Center: Transphyseal technique. The soft-tissue graft 
passes through the tibial and femoral physis [1, 21, 24]. Right: Growth 
plate preserving technique with epiphyseal tunnels [2]. A large number 
of variations to these techniques have been described

Table 1 Summary of the results from 17 clinical studies on the therapy 
of ACL ruptures with open physes [27]

Therapy Patients Unstable 
knees (n)

Unstable 
knees (%)

Conservative 55 47 91

Sutures 15 11 73

Extra-articular 
reconstructions

14 9 64

Intra-articular 
reconstructions

148 20 14

The table indicates that conservative treatment and ligament sutures 
cannot be recommended anymore

Fig. 6 Left: Anteroposterior 
radiograph after arthroscopic 
ACL reconstruction with a 
four-strand hamstring graft and 
extracortical fixation in an 
11-year-old boy. Right: 
Schematic representation of the 
growth plate preserving 
Clocheville technique described 
by Robert and Bonnard [24]. 
ACL replacement is performed 
with a patella graft (mid-third 
without bone plugs). On the 
femur, the graft is conducted 
around the dorsal cortex 
(over-the-top), on the tibial side it 
is attached proximally to the 
physis in a bony tunnel. Tibial 
anchoring is done with suture 
anchors in the epiphyseally 
located trough
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Injuries of the Growth Plates

Injuries of the growth plates around the knee joint can lead to 
epiphysiodeses and secondary leg length differences or axial 
malalignments. The growth plates however tolerate a certain 
degree of trauma, without necessarily resulting in those 
unwanted events. When a growth plate is injured by drilling, 
the growth cartilage does not regenerate and the drill injury is 
filled with bone. Due to the following growth process, the 

remaining growth plate generates a distraction force that 
induces a continuous remodeling of the bone bridge. In animal 
studies, it has been shown that this process of bone remodeling 
does not occur anymore when more than 7–10% of the surface 
of the growth plate is injured, thus resulting in growth distur-
bances. Translated to an AP radiograph, this threshold value 
corresponds to approximately 20% of the width of the growth 
plate. Thus in ACL repair, using a transphyseal drilling tech-
nique, the diameter of the tunnels should be chosen as small as 
possible. It could be shown that with a 6–8 mm tunnel in a 
10-year-old child, less than 5% of the tibial growth plate is 
injured. The filling of the tunnel with soft tissue can avoid the 
formation of a complete bone bridge [28, 30].

Injuries of the Growth Plates  
in Arthroscopic ACL Reconstructions

In arthroscopic ACL reconstructions using a single tunnel 
technique, both the tibial and the femoral growth plates are 
injured. Both tunnels considerably differ in their position. 
While the tibial tunnel runs centrally through the physis, the 
femoral growth plate is eccentrically injured at its periphery 
by the posterolateral position of the tunnel. In centrally 
located tunnels, potential bone bridges induce a symmetric 
distraction force, while peripheral tunnels result in an asym-
metric and eventually lesser distraction force (Fig. 8).

Fig. 7 Schematic representation of the tibial and femoral tunnels after 
a transphyseal ACL reconstruction in a 10-year-old girl. The surface 
area of injury to the growth plate could be reduced because of a stronger 
verticalization of the tibial tunnel. This was not the case on the femoral 
side. The red point marks the femoral insertion of the ACL. It is only 
3 mm away from the ossification groove of Ranvier. In order to protect 
this structure, a drilling guide with a 5 mm offset was chosen. With a 
tunnel diameter of 6 mm, there is at least a 2 mm safety margin between 
the posterior wall of the tunnel and the groove

Table 2 Seven recommendations for preoperative planning and surgery 
in transepiphyseal ACL reconstructions in children

1. Evaluation of the remaining knee growth
2. Consideration of the specific anatomy of the adolescent knee joint
3.  Adaptation of the tunnel diameter to the size of the knee joint 

(smallest possible diameter)
4. Avoidance of injuries to the ossification groove of Ranvier
5.  Bridging of the physes inside the tunnels with soft-tissue graft 

material
6. Avoidance of excessive graft tension
7.  Avoidance of transphyseal graft fixation with fixation devices or 

bone plugs

Fig. 8 Schematic representation of the distraction forces of the growth 
plate with central (tibia) and eccentric (femur) position of the tunnel. 
The arrows indicate the distraction force, the disc the growth plate, and 
the cylinder the tunnel. The graph clarifies the asymmetric growth in 
case of an epiphysiodesis due to bone bridge formation as a result of 
eccentric tunnel position. Consequently, the risk of an axial deformity 
following a premature closing of the physis is higher for the femur than 
for the tibia
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Considering these facts, confirmed by recent data from a 
sheep model, the risk for a closing of the growth plates with 
axial malalignment seems to be more important on the fem-
oral than on the tibial side [28]. Central growth plate lesions 
on the tibia did not induce growth abnormalities. On the 
peripheral femur, posterolateral growth plate injuries with 
empty tunnels led to a shortening of the lateral femur of 
8 mm (7–10 mm), a valgus deformity of 12.8° (12–14°), 
and a flexion deformity of 8.6° (5–15°). Histology revealed 
a strong bone bridge over the physis and an injury to the 
perichondral structures, which are the ossification groove 
of Ranvier and the fibrous ring of Lacroix, two structures, 
whose importance must be highlighted and that should not 
be injured during surgery. Interestingly, despite consistent 
physeal damage, ACL reconstructions did not lead to clini-
cally relevant growth disturbances, neither on the femur, 
nor on the tibia, even in case of injury to the perichondral 
structures.

The exact knowledge of these anatomic specificities in 
children seems of great importance while performing an 
ACL repair in this particular patient group.

Complications After ACL Reconstructions  
in Children

Potential complications after ACL repair in children consist 
of growth disturbances (leg length differences with symmet-
ric and axial malalignment with asymmetric rest growth). 
Their reported total number is relatively small. A survey 
amongst the members of the Herodicus Society and the ACL 
study group could collect only 15 cases of growth abnor-
malities after ACL repair. These were divided into 8 valgus 
deformities of the distal, lateral femur epiphysis, three sec-
ondary flexion deformities after injuries of the apophysis of 
the tibial tuberosity, two valgus deformities and two leg 
shortenings. Most of the cases were due to surgical deficien-
cies, especially transphyseal graft fixation with bone plugs 
(bone-patellar tendon-bone grafts) or metallic implants. 
Other complications were seen with oversized tunnel diam-
eters, possible injuries of the perichondral structures on the 
femur and simultaneously performed extra-articular teno-
deses. In these tenodeses, the experimentally demon-
strated tenodesis effect in case of an excessive graft 
tension might have been responsible for the growth dis-
turbance [10]. Furthermore, an aggressive rasping of the 
femoral over-the-top position and the suture near the apoph-
ysis of the tibial tuberosity were mentioned [16] (Fig. 9).

In 2007, a multicenter study from France presented the 
results of 119 ACL reconstructions in patients with open phy-
ses, with a minimum follow-up of 12 months. One hundred 

and two patients (86%) were available for follow-up. Their 
chronological age was 12.3 ± 1.9 years (6–15 years), their 
skeletal age 11.6 ± 2 years. From 92 patients (77%) full leg, 
AP and lateral views were on hand. All in all, 11 growth 
abnormalities (12%) could be observed, independent of the 
surgical technique; in one patient, a correction osteotomy was 
necessary. On the tibial side, one shortening (−13 mm), two 
varus and three valgus deformities were described; no altera-
tion of the tibial slope was seen. The tenodesis effect and 
growth stimulation by deperiostation were identified as mech-
anisms by the authors. On the femoral side, one lengthening 
of 11 mm and four valgus deformities were described, with a 
femoral tunnel diameter of 9 mm correlating with a femoral 
valgus. With exception of a valgus deformity of 13°, none of 
the observed disturbances were clinically relevant. The men-
tioned single case was corrected after the end of the growth 
period with a femoral varus supracondylar osteotomy [5].  
In order to minimize the risk of complications, the basic prin-
ciples of transphyseal ACL repair in children have been sum-
marized in (Table 2).

Results of ACL Reconstructions in Children

The above mentioned multicenter study from France presents 
the largest published series of ACL reconstructions in chil-
dren with open physes to this day [5]. The mean interval 
between injury and surgery was 10.4 months (range 
1–65 months). In three out of four cases, surgery was indi-
cated because of instability, in one out of four cases because 
of secondary meniscus lesions; one patient underwent sur-
gery because of his sports activity at competition level. Five 

Fig. 9 Arthroscopic view of a femoral tunnel while performing an ACL 
reconstruction in the right knee of a 12 -year-old boy. The probe is 
placed at the over-the-top position. The distal femoral physis is discern-
able (arrows). The picture highlights the proximity of the dorsal femo-
ral tunnel to the periphery of the growth plate
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different techniques were used (Clocheville technique: 
63 cases; Debrousse technique: 14 cases; Over-the-top tech-
nique with a fascia lata graft: 14 cases; transphyseal tech-
nique with a semitendinosus graft: 5 cases; femoral epiphyseal 
technique: 6 cases). At the time of primary surgery, 34 menis-
cus lesions could be diagnosed (23 lateral and 11 medial 
menisci), from which 30 could be reconstructed. The mean 
follow-up was 3.5 ± 2.7 years (1–14 years). The mean coeffi-
cient of satisfaction was 8.5/10 (n = 101), whereas 70% of the 
patients did not indicate pain in the operated knee at any time. 
The mean IKDC score was 91 ± 13 (39–100). Return to sports 
took place at 11 ± 4.5 months (n = 85), 18% of the patients 
reaching a higher level than before injury and 11% being 
forced to reduce their activity level or stop sports activities. 
Five recurrent ruptures were observed, two due to technical 
failures, one due to biological failure, and two as a conse-
quence of a new trauma. A constitutional ligament laxity was 
seen in 21 patients. Laxity measurements were determined as 
differential values with the KT-1000 device. Seventy-seven 
percent of the patients were classified, according to their lax-
ity, in the IKDC category A, 18% in the category B, and 5% 
into the categories C and D. The overall good results accord-
ing to the IKDC amounted to 84%. Out of the 30 meniscus 
reconstructions, only 2 were resutured and 2 partially resected. 
The success rate after meniscus preservation was 83%. Only 
one secondary meniscus lesion was observed at 3.5 years of 
follow-up. Nine IKDC values were under 72, 11% of the 
patients returned to sports on a lower level than before the 
injury. Sixteen patients were classified in the IKDC catego-
ries C and D, meniscus problems occurred in six cases.

Discussion

After an isolated ACL rupture in children, a functional treat-
ment should be initiated including anti-inflammatory mea-
sures, normalization of range of motion, proprioceptive and 
coordination exercises, and reinforcement of the knee stabi-
lizing muscles. In our hands, a brace is only used in the acute 
setting, because it is not well tolerated in the long term by 
many children. A conservative treatment necessitates regular 
follow-up examinations. A special interest should be given 
to instability problems and giving-way episodes, often not 
mentioned by these young patients. In some cases, ACL 
reconstruction can be delayed until the end of the knee 
growth period; the diagram of growth velocity of the knee 
growth plates in relation to skeletal age, as shown in Fig. 2, 
has been quite helpful in the clinical routine. During the 
phase of decreasing growth speed, a waiting attitude is pre-
ferred for certain patients. Because of the high amount of 
secondary meniscus lesions, a surgical procedure is however 
often indicated at an earlier stage. At the latest, after the 

manifestation of a secondary meniscus lesion, the surgical 
stabilization is strongly recommended. Due to possible 
growth disturbances, the procedure as well as the rehabilita-
tion and the regular follow-up examinations until the end of 
the growth period must be carefully discussed with the chil-
dren’s family. In case of low compliance, a waiting attitude 
should be adopted. Arguments against and in favor of a sur-
gical procedure should be evaluated individually. When the 
decision for a surgical procedure has been taken, an intra-
articular ACL reconstruction should be performed. The for-
merly recommended extra-articular techniques are considered 
insufficient [28]. Among the many intra-articular techniques, 
none has proven superior to the others [25]. Recent publica-
tions with larger numbers of prepuberal patients showed that 
technically correct ACL reconstructions in children, which 
were performed in specialized centers, yielded good results [5]. 
The growth complications described in the literature were 
mostly related to technical problems during surgery. In surgical 
procedures without technical problems, growth disturbances 
could be seen as well, but they were minor and clinically 
irrelevant. Regular postoperative follow-up visits are system-
atically recommended. Compared to the adult series, there 
are hints that the clinical results might be slightly inferior 
and that reruptures might be more frequent [1].

Conclusion

Because of the adverse natural history, with early secondary 
medial meniscus lesions and possible osteoarthritis, a sys-
tematic conservative approach of ACL tears in children 
should belong to the past. On the other hand, recent studies 
have shown that under specific circumstances a conservative 
approach might be successful [21, 22]. These findings need 
to be evaluated further. Recent surgical findings showed that 
ACL reconstructions in children provide satisfying clinical 
results, even when performed in the prepubertal phase. These 
interventions are technically demanding and bear a high 
complication potential [2, 15, 23]. However, clinically rele-
vant growth disturbances are rare after correctly performed 
surgical procedures. A specific knowledge of the anatomy 
and the physiology of the prepubertal knee joint as well as a 
large experience in ACL surgery are mandatory to perform 
this type of surgery [25].
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ACL Reconstruction in Children and Adolescents

José F. Huylebroek 

Introduction

Anterior cruciate ligament ruptures are being reported with 
increasing frequency in children and adolescents with open 
physes [9, 25, 28]. More children are participating in sport 
activities: in American football, it has been estimated that 
more than 81% of the children participants will suffer an 
injury, usually minor in nature. This represents 300,000–
1,215,000 injured athletes in football alone per year [46].

The knee is also exposed to direct trauma which can lead 
to injuries. The second factor is the improvement in diagno-
sis and imaging. The medical community is more and more 
aware of the higher incidence of all sorts of knee problems.

Acute traumatic injuries of the knee in children have clas-
sically been described to cause disruptions of the physis [20]. 
Mercer Rang, in 1974, wrote that ligamentous injuries do not 
occur about the knee in the child [38]. He realized subse-
quently that it was incorrect and he retracted his former opin-
ion in 1983; he recognized that ligamentous injuries do occur 
in the child with open physis [39].

Epidemiology

ACL ruptures
General population: 0.38/1,000 pts/year.
American Football players: 42/1,000 pts/year; (US 1999)

In young patients, we see an increasing incidence: from a 
review by Ganley T.J. (Personal Communication, AAOS, 
ICL 195, 2/23/05), we could summarize:

1974 Rang Rare

1979 Clanton 1% incidence

1983 Delee 1% incidence

1986 Lipscomb 3.4% incidence

1988 Mc Caroll 3.3% incidence

1993 Souryal 3% incidence

2002 Hennrikus If open physis: ACL ruptures are more 
frequent than spine fractures
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Pakkari concluded in a population–based cohort study of 
46,500 people with a 9 year follow-up: “The general risk for 
a cruciate ligament injury of the knee is relatively low among 
adolescents and young adults but participation in organized 
sports increases the risk significantly: The risk is especially 
high in active young women.” In this Finnish Study, the injury 
incidence per 100,000 person-years was 60.9 [37].

The adjusted hazard ratio for a cruciate ligament injury of 
the knee in adolescents was 8.5 for female and 4.0 for male 
subjects who participated in organized sports, four times or 
more per week.

One can see some more reasons for an apparent increased 
occurrence of ACL injuries in children and adolescents:

 There is an increased participation of younger children of 
both genders, in active cutting sports, year round.
Young athletes are bigger, stronger, faster, younger.
 The internal and external pressures become more and more 
important.
 Young athletes participate more frequently in extreme 
sports.
The different growth rates of children play a role.

The increased awareness of the physicians is definitively 
helped by the easier MRI availability and by the experience 
of many surgeons in arthroscopy.

Boerner CE (Personal Communication, Poster Presenta-
tion, ESSKA: Athens 2004) reported on 161 arthroscopies in 
children and adolescents, the indication was recurrent knee 
pain or swelling. In 49 cases (31%), he found a meniscal 
lesion and in 14 cases (9%) an ACL rupture was found.

ACL injuries are reported to occur more frequently if the 
pediatric patient comes in with an acute traumatic hemar-
throsis of the knee. More reports confirmed the relationship 
between acute hemarthrosis and ACL rupture in children: 
Eiskjaer [15], Vahasarja [49].

Stanistski found 47% ACL ruptures in preadolescents, and 
even 65% in adolescents with an acute hemarthrosis [44].

Anatomy

One should be aware of the (rare) possibility of a congenital 
anomaly of the knee. These occur early in fetal development. 
Eilert, in the 1970s, stated that most knee problems in children 
younger than 12 years old, are congenital [14]. An underlying 
congenital anomaly can also occur with a traumatic event.

All the origins and insertions of the knee ligaments, except 
the medial collateral ligament insertion, are within the con-
fines of the physeal plate of the distal femur, proximal tibia, 
and fibula [10]. The physeal plate remains the weak point 
when stress is applied to immature bone.

Physeal plate strength is affected by various hormones. 
Tipton found out that estrogens cause a thinner growth plate 
that is stronger [47].

The use of MRI of fresh frozen human fetal specimens 
has helped a lot in defining the relationship of the ACL to the 
physis. Behr found out that the over-the-top position was 
located at the level of the distal femoral physis [7].

History

The classic presentation of a young athlete sustaining an ACL 
injury is that he is usually involved in a sport, requiring cut-
ting or pivoting maneuvers. He describes a feeling of “pop” 
when stopping suddenly or changing direction. Landing on 
his feet with an extended knee or hyperextension of the knee 
is frequently associated with an ACL injury. A valgus force 
applied to a knee in external rotation might result in a rupture 
of the medial collateral ligament and then the ACL.

An audible “pop” at the moment of the injury strongly 
indicates a disruption of the ACL.

The rapid development of swelling of the knee, suggests a 
hemarthrosis: a peripheral tear of the meniscus, an osteo-
chondral fracture, and/or an ACL rupture should be consid-
ered in the differential diagnosis.

The symptom of giving way can also be present in a young 
athlete with a meniscal lesion.

A knee that gives way in normal walking is more unstable 
than a knee that gives way with sport activities. Locking has 
to be differentiated from “pseudolocking.” The inability to 
straighten the knee is locking: usually a meniscal flap, an 
osteochondral flap, or a loose body. Pseudolocking is a deficit 
in knee extension, related with pain, not a mechanical block.

Physical Examination

Examination of the child’s knee is more difficult than that of 
the adults’. Children are often afraid and are unable to relax 
the muscles around the knee. The uninjured knee is examined 
first; this generally helps to relax the patient and gives the 
physician an idea of the physiologic laxity of the athlete.

The presence of a fixed deformity is usually the sign of a 
fracture or of a physeal plate injury. A large effusion is evident 
to see, but should not be confused with a prepatellar swelling. 
An ecchymosis can indicate the exact location of injury. 
Palpation can suggest physeal plate injury; specific points of 
tenderness can help to differentiate a ligament, meniscal, and 
physeal plate injury. Crepitus, eventually pain with motion can 
be noted. The active and passive range of motion is described. 
Pathologic conditions of the hip (slipped capital femoral epi-
physis) can easily be ruled out. The degree of laxity in any 
direction is evaluated and compared to the opposite site. Varus 
and valgus laxity are examined at 0° and 30°. The central liga-
ments are evaluated using the classical tests used in adults: 
anterior Lachman, the flexion-rotation-drawer, the anterior 
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drawer test, the Pivot-shift test, the Jerk test and the modified 
Lachman. The evaluation of the menisci and of the femoropa-
tellar joint is recorded and compared to the other side. Some 
tests are difficult to perform in the acute setting.

Radiographic Examination

Bony avulsions, osteochondral fractures, and physeal plate 
fractures are identified using the classical x-rays: AP, lateral, 
notch, patellar views. Stress radiographs can be essential to 
differentiate physeal disruptions from ligament injuries in 
the child.

CT scan and particularly MRI are routinely used to clarify 
the diagnosis. Kocher reported on the results of the MRI in 
children with acute traumatic effusions [22, 23].

MRI
Sensitivity Specificity

<12 years 62% 90%

12–16 years 78% 96%

False positives: up to 25%.

Treatment

The treatment goals are the same as for the adult (Fig. 1):

Restore functional stability
Prevent repeated injuries
Avoid meniscal tears and chondral lesions
Prevent early degenerative joint disease

Nonoperative Treatment

Nonoperative treatment has not resulted in good results. It 
was originally thought that continued growth would alleviate 
the instability from a ligamentous tear.

A nonoperative approach includes

Activity modification (“counseling”)
Bracing
 A strengthening program for the quadriceps and hamstring 
muscles

The main concern with the conservative program is that the 
athlete will continue to be active with the laxity, and sustain 
a tear of the meniscus or damage to the articular cartilage 
that is mostly irreparable. Another challenge is the noncom-
pliance in this young and active patient population.

ACL injury Meniscal tear

Some 
reports:

Lipscomb 1986 24 14 Med [25]

9 Lat

Mc Caroll 1998 30 16Med [28]

8Lat

Aronowitz 2000 19 12Tears [5]

9Med
Aichroth 2002 23 8Lat [1]

In Aichroth’s study, 10 of the 23 patients showed degenera-
tive changes radiographically. Nonoperative treatment may 
be successful in the case of partial tear of the ACL, particu-
larly in younger children and if the tear involves the antero-
medial bundle, according to Kocher [21] and Micheli [31]. 

Fig. 1 T.J. Ganley’s algorithm  
for treatment ACL rupture (Personal 
communication, AAOS, ICL 195)

ACL Tear 

Activity Modification
Bracing 
Closed Chain Rehabilitation

Asymptomatic

Skeletal Maturity Skeletal age
  < 13
  <14

Symptomatic

Skeletal age
    > 13
    > 14

Hamstring
Reconstruction

TRANSPHYSEAL

Physeal sparing
surgery

(Micheli ) [37] 

Soft Tissue
Transphyseal
(Paletta) [48]

Accommodation Reconstruction
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Despite poor results following conservative treatment, many 
orthopedic surgeons have been reluctant to perform anterior 
cruciate ligament reconstructions in skeletally immature 
patients due to the potential for physeal injury and resultant 
growth disturbance.

Bony Avulsions

The treatment of an ACL avulsion from the tibia is well doc-
umented in the pediatric literature. Myers and Mc Keever 
treat type I and type II fractures with closed reduction and 
immobilization [30]. Type III and IV are treated by open 
reduction and internal fixation. Currently an arthroscopically 
guided treatment is the best option. Two problems have been 
frequently described, even after an anatomic reduction:

1. Lack of extension
2. Residual laxity

Millett stated that 50% of his cases had significant postop-
erative motion problems [32]. Prior to tibial eminence 
avulsion, sequential failure of ligament fibers can result in 
healing of the ligament in a slightly elongated state 
(Noyes) [34].

Avulsion of the ACL from the femur is very rare.

ACL Mid-substance Ruptures

The determinants of surgical decision making are

The symptoms
The degree of skeletal maturity
 The presence of associated pathology: chondral lesions, 
meniscal tears
The compliance: of the patient and family

The determinants of skeletal maturity are

Growth relative to family members
Growth spurt: yes/no

Tanner stage [45] 1 = preadolescent

2 = puberty

3 = puberty

4 = adolescence

5 = adult [23]

But there is a wide variance

Bone age open physis

closing physis

Even if decided about an operative treatment of the ruptured 
ACL in the young athlete, many questions have to be answered:

Primary reconstruction?
Extra-articular reconstruction?
Intra-articular reconstruction?

With or without violation of the growth plate? −

Graft choice Patellar tendon?

Hamstrings?

Allograft?

Animal Studies

Can the basic science and animal studies provide some answers?
Guzzanti used 21 immature rabbits to evaluate the risk of 

growth arrest related to drill hole size [18]. They did not find 
any bone bar across the physeal plates, but small drill holes 
were better tolerated. Further investigation led to the conclu-
sion that destruction of more than 7% of the cross-sectional 
area of the physeal plate, could result in growth arrest or short-
ening of the femur. Stadelmaier used a canine model: none of the 
four dogs demonstrated a growth arrest with a fascia lata [43]. 
The control group without a crossing transplant showed bone 
bridging after drilling across the growth plate. Seil studied sheep 
and had the same findings [40]. Edwards used canine models 
[13]. A fascia lata autograft was tensioned with 80 N across 
the physeal plate. No bone bridging was seen, but significant 
valgus deformities at the femoral side and varus deformities at 
the tibial side were noticed. Babb studied 15 skeletally imma-
ture rabbits, which were divided into three groups [6]:

Group 1 5 rabbits : only drilling of the physes

Group 2 5 rabbits : drilling of the tunnels and reconstruction 
with an EDC autograft

Group 3 5 rabbits : drilling and reconstruction with an EDC 
autograft, seeded with mesenchymal stem cells

Results

Group 1 a bone bridge spanned the physis in all nongrafted knees

Group 2 the EDC autograft slows down but does NOT prevent the 
bone bridges and angular deformity

Group 3 the mesenchymal stem cell-seeded grafts appeared to 
provide a marked protective effect against growth arrest 
and angular deformity

Surgical Treatment

Primary Repair

Primary repair of the ACL (modified Marshall repair) was 
tried by Delee and Curtis: 3 out of 3 patients demonstrated 
clinical laxity after repair, with frequent episodes of insta-
bility [11]. Engelbretsen showed similar poor results [16].
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Extra-Articular Tenodesis

A biomechanical study by Amis showed a significant improve-
ment in stability with extra-articular procedures but still with 
an important deficit compared to normal [2]. Graf used a modi-
fied Andrews IT band technique [17], Mc Caroll and Shelbourne 
reported on small series with EA-tenodesis: all showed an 
unacceptable incidence of recurrent instability [29].

Intra-Articular Repair

No Tunnels versus Tunnels

IF tunnels extra-physeal

partially transepiphyseal

transepiphyseal

ExtraPhyseal

Micheli used the IT band around the femur, through a notch-
plasty, “over the top” [31]. He reported on 17 cases with a 
mean follow-up of 66.5 months no further surgery was 
needed in these cases.

Parker and Drez used a technique with hamstring 
tendons:

Femur: “over the top”
Tibia: “over the front”
(Placed in a groove) [36]

They reported excellent clinical results in a small series, but 
MRI scanning revealed abnormal signal in the graft tissue. 
The anterior position of the graft on the tibia also caused 
impingement.

Anderson described an extraphyseal technique with qua-
drupled hamstrings: the femoral and tibial tunnels were 
drilled through the epiphyses, but avoided the physes [3]. 
The graft was secured distally with Ethibond over a tibial 
screw and proximally with an Endobutton. He reported a 
4.1 year average follow-up: Mean IKDC 96.5 (86–100). 
Three patients were longer, one patient shorter.

Partial Transepiphyseal Tunnels

 Guzzanti: no drilling of the tibial physis, transphyseal fem-
oral drilling [19].
 Lo used a transphyseal drill hole in the tibia and an over-
the-top position on the femur. (Five patients, no adverse 
outcomes or growth disturbances) [26].
 Bisson treated nine children with the same technique: no 
growth disturbances, but two patients reruptured their 
graft [8].

 Andrews reported good results with an allograft Achilles 
tendon or fascia lata, placed through a tibial drill hole and 
over the top of the femur: no abnormal growth in eight 
patients: six excellent, one good, one fair with an average 
follow-up of 4.2 years [4].

Transepiphyseal Drilling

 Mc Caroll: ACL reconstruction with a bone-patellar tendon-
bone graft: BUT only in patients near skeletal maturity. 
4.2 years follow-up: 55/60 patients returned to previous 
level of sport, no abnormal growth [29].
 Aichroth: 47 reconstructions in 45 children with a mean 
age of 13 years: transphyseal tunnels with fixation away 
from the physis [1]. Seventy-five percent reported satis-
factory, 25% reported unsatisfactory results. Rerupture 
found in three knees. These results are poorer than 
those found in adults. The reasons were noncompliance 
and (too) early return to athletic activities.
 Aronowitz published a study of 19 adolescents: Achilles 
tendon allografts placed through drill holes: no deformities 
found: 16/19 returned to sports [5].
 Shelbourne used a patellar tendon autograft in adolescents 
through transepiphyseal tunnels: excellent outcome in 
16 patients, with 41 months follow-up [42].
 Edwards reported on the long-term F.U. of 21 ACL recon-
structions: no angular deformities or significant leg-length 
discrepancies were seen. 17/21 excellent or good, 4 poor 
results were reported [12].
 Matava reported on 8 cases of reconstructions with ham-
string tendons: no deformities seen, after 14.9 months of 
follow-up: 8/8 were rated as excellent [27].
Paletta reported on 19 cases with an ACL reconstruction [35]:

Nine patients: 6–7 mm transphyseal tibial tunnel −

Femur: over-the-top
Lysholm: 88: 5/9 patients satisfied

Ten patients: complete transphyseal 6–8 mm tunnels: −

Lysholm: 96, 10/10 patients satisfied.

He recommended “transphyseal reconstruction”

 Se on: 11 skeletally immature adolescents underwent an 
ACL reconstruction with a quadrupled Hamstring tendon: 
the postop mean Lysholm score was 97.8 with a 77.7 month 
follow-up. 10/11 patients returned to their sport [41]. No 
growth disturbance was seen.

In most of the studies (with rather good results), the risk of growth 
arrest was small as most adolescents were close to maturity



1038 J.F. Huylebroek

 Wester published an article about “prediction” of angular 
deformity and leg-length-discrepancy after ACL recon-
struction in skeletally immature patients [50].

His example a 13 year old male

Distal femur 21° angulatory deformity

Proximal tibia 22° recurvatum deformity

Overall shortening 2.5 cm [50]

 Koman reported a valgus deformity requiring a femoral 
osteotomy [24]. The use of a transphyseal screw was clearly 
the cause of the problem.
 Kocher did a survey of the ACL Study Group and the 
Herodicus Society [21].

He found 15 reported cases of growth disturbances:
Eight cases of distal femoral valgus deformity
 Three cases of tibial recurvatum with arrest of the 
tibial tubercle apophysis.
Two cases of genu valgum without arrest
Two cases of leg-length-discrepancy

Associated factors fixation of hardware across the lateral distal 
physis

bone plugs of a patellar tendon graft across 
the distal femoral physis

large (12 mm) tunnels in 2 cases

fixation hardware across the tibial tubercle 
apophysis in 3 cases

lateral extra-articular tenodesis in 2 cases

over the-top femoral position in 1 case

 Ganley (Personal Communication, AAOS, ICL 195, 
2/23/05). did a survivorship analysis of transphyseal ACL 
reconstructions: 276 patients: one single surgeon, one tech-
nique [5].
Mean follow-up 6,3 years (2–10)
17 failures (7–8%)
 Chotel (Personal Communication, article submitted at the 
KSSTA Journal 2009) found 29 cases of growth changes in 
the world literature. “Rare in experienced hands.”

He described three types of growth changes after ACL 
reconstruction:

Undergrowth process:

Tenoepiphysiodesis effect: too excessive graft tension(?) −

 Asymmetric tibial overgrowth: physeal stimulation by local 
hypervascularization. Is temporary and becomes apparent 
1–2 years postsurgery.
Growth arrest: localized physeal injury with bone bridge

He concluded that most growth complications were related 
to technical errors.

Author’s Preferred Treatment

 Hamstring tendons placed arthroscopically through a 
(small) tibial and femoral tunnel
Fixation

 On the femoral side: Endobutton, rarely cross-pins,  −

proximally to the physis
On the tibial side: Bioscrews, staples, rarely cross-pins. −

Fluoroscopic control routinely
NO EARLY RECONSTRUCTION if isolated ACL tear.

The Timing of Intervention

The Timing of intervention: a subject of contention
Advantages of delaying treatment

Closure of the growth plates
Better rehabilitation potential with a more mature patient
Better psychological preparation

Disadvantages: potential for recurrent episodes of insta-
bility, with subsequent injury to menisci and/or articular 
cartilage.

Absolute activity restrictions if an ACL reconstruction in 
skeletally immature adolescents is delayed, as advocated by 
Woods OR if a symptomatic meniscal tear or instability epi-
sodes are present [51]. (Shelbourne) [42]

Some skeletally immature children have a promising ath-
letic career: such children may be candidates for a physis-
sparing ACL reconstruction, or their parents are accepting 
the risks associated with using a transphyseal technique.

BUT: some athletes, having had an early surgical stabili-
zation procedure, do NOT ALWAYS return to the same 
sports or do NOT ALWAYS return to the same level of sports 
activity.

Ideally, ACL reconstructions should be delayed until the 
physes show radiographic evidence of closure, or other signs 
of skeletal maturity are observed.

The use of standard growth prediction charts (Green and 
Anderson, Moseley) may be useful in estimating the length 
of delay. Woods’ study material consisted of 13 adolescents 
with open physes: a small group [51].

BUT he did not find that a monitored, temporary course of 
nontreatment and restricted physical activity increased the 
rate of additional knee injuries in adolescents with open phy-
sis at ACL injury.

Daily use of an ACL brace with hyperextension stop and 
absolute avoidance of vigorous team sports has proven to be 
sufficient to avoid additional knee injuries.

Millett has shown that a delay in ACL treatment is associ-
ated with a higher incidence of medial meniscal tears [33]. 
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TODD found out that delayed ACL reconstruction was inde-
pendently associated with a fourfold increased risk of medial 
meniscal tears, an eleven-fold increased risk for lateral com-
partment chondral injuries, and a threefold increased risk for 
patellofemoral chondral injuries [48].

Why Do We See Poorer Results of ACL 
Surgery in Children and Adolescents?

Often lax joints: can present a problem.
Irrepressibly sports-active children: a too early return.
Literature: higher incidence of reruptures.
Unknown biomechanical and biochemical factors.

Future Directions

T.J. Ganley (Personal Communication, AAOS, ICL 195, 
2/23/05) [5]

Identification of the neural characteristics
Healing/growth factors
Gene therapy
Stem cells
Biologically inert ACL substitutes
Outcome of research
Outcome of long-term FU studies
Prevention strategies

Conclusion

Natural history studies
Untreated ACL deficient knees in children and adolescent 

athletes do poorly:

Persistent instability
Secondary meniscal tears
 Associated chondral lesions leading to early joint arthrosis

Surgery: if a primary meniscal tear is present

As close to skeletal maturity as possible
If a secondary meniscal tear has occurred
If there are episodes of functional instability

Risk/Benefit Ratio:
Deferring surgery = 50% chance of developing perma-

nent (meniscal or chondral) damage VERSUS a less than 5% 
chance that the patient may sustain a physeal injury.
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Abdominal Injuries: Decision Making  
on the Field

Cristiano Eirale, Bruce Hamilton, and Hakim Chalabi 

Medical Coverage During Sports Events

Medicolegal aspects of professional sports dictate medical 
coverage be available for the healthcare of an athlete during 
both training and competitions. Athletes may injure them-
selves at any time and therefore, an institutional healthcare 
team must be prepared and ready to deal with any incident 
that occurs. During all sports competitions, in particular dur-
ing contact and high-risk sports, a medical representative 
should be present. This medical supervisor should wherever 
possible, be a physician, but if not available, then this posi-
tion should be substituted by properly trained personnel. 
Certification in cardiopulmonary resuscitation, first aid tech-
niques, and prevention of disease transmission [2, 10] are 
prerequisites for the medical personnel, who will act under 
the supervision of a physician but should be competent and 
able to render prompt evaluation and emergency care when 
required [32, 36].

Nowadays, in professional sports, a physician is expected 
to be present throughout practice sessions and game partici-
pation [27]. The team physician will be held responsible for 
negligence, should this requirement not be met [25]. One of 
the most important factors for a sideline physician to remem-
ber is to keep him/herself emotionally detached from the 
competition. When providing medical coverage during a 
game, the physician’s decision making must be completely 
unbiased when dealing with the safety of the participants, in 
particular regarding aspects of play and individuals who are 
more prone to injury.

Most sport injuries are nonemergency and musculoskele-
tal in nature; however, there are certain life-threatening inju-
ries that the sideline physician must be prepared to handle 
immediately.

Defining factors such as type of sport, speed, whether it 
involves contact or not and related injury patterns, determine 
catastrophic injury risk. It is easy for Sports Codes to under-
estimate the severity of an incident due to the low number of 
catastrophic injuries, with an incidence often lower than 
1/100,000 [6]. As a result, emergency support is rarely well 
organized and coordinated.
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Preparation is crucial for the sideline medical emergency 
operations to run smoothly. In some cases, the limited 
resources of a venue restrict the running of professional mea-
sures. In such scenarios, a venue-specific emergency plan 
should be developed and adhered to. It should include ade-
quate physician access to the field to provide prompt medical 
evaluation when warranted; planned access to an emergency 
medical facility, including a plan for communication and 
transportation between the athletic venue and the medical 
facility; appropriate and quickly accessible on-site emer-
gency care equipment; and a thorough understanding of the 
emergency medical plan by all involved medical and non-
medical personnel [32, 36].

All sports differ about rules and regulations. This there-
fore calls for different measures to be taken as far as medical 
assistance is concerned. In sports, such as rugby, the sideline 
physician is allowed to enter the field at any moment, regard-
less of the action or stage of the match. In such conditions, 
the sideline physician has the independence of performing 
the best medical practice, in accordance with his crucial role 
and responsibility [21]. Other sports, such us soccer, have 
stricter rules that do not allow the doctor onto the field of 
play until the referee gives the go-ahead [12]. This could 
potentially affect the clinical outcome because of a delayed 
response to emergencies and life-threatening injuries.

Many guidelines have been published on sideline assess-
ment of injuries [16, 37, 40] but even the most experienced 
physicians can find themselves in difficulty when obliged 
to work in competition conditions. Medical decisions on 
the field of play have to be made in a split second due to 
time constraints and the pressure of coaches, referees, spec-
tators, and media. Communication with the athlete is often 
impaired because of the noise within the venue. Symptoms 
can be affected by emphasis of the game as well as by the 
athlete’s willingness to carry on and play throughout the 
pain of an injury.

Abdominal Injuries in Sport

To our knowledge, no specific guidelines on sideline assess-
ment of thoracic and abdominal injuries on the field have 
been published. Serious abdominal trauma caused by sport-
ing activities is a rare event and, as a result of their relative 
infrequency, may go undiagnosed. Serious abdominal inju-
ries caused by sporting activities are increasing [5], account-
ing for approximately 10% of all abdominal injuries [4].

Abdominal injuries may be caused by penetrating trauma 
or blunt trauma. Penetrating injuries, though quite rare, can be 
related with high velocity sports, sustained by the athlete 
becoming impaled on a stationery object or with sports such 
as shooting and fencing, caused by a direct blow related to 

game dynamics. Generally, however, the potential risk of such 
sports is well recognized and, normally, the responsible gov-
erning bodies take appropriate preventive measures. Fencing, 
shooting, and cycling are the sports most frequently associ-
ated with penetrating injuries [5, 30]. On the other hand, seri-
ous blunt injuries are more commonly found in contact and 
high velocity sports such as football, soccer, skiing, snow-
boarding, and surfing [8, 20, 35, 38]. Blunt abdominal trauma 
has a peculiar presentation, often internal and concealed.

Significant abdominal trauma is often underestimated, 
and the sideline doctor requires a high index of suspicion. 
It is therefore important to be knowledgeable about abdomi-
nal anatomy, ascertain a detailed description of the mecha-
nism of the injury, and have a clear understanding of the 
sport or activity during which the injury is sustained.

Anatomy

Though the abdominal wall and lower ribs offer some 
defense, the abdomen remains largely unprotected. In case of 
fractures of the lower ribs, pulmonary and pleural damage 
should also undeniably be considered, together with abdomi-
nal pathology.

Among abdominal wall injuries, trauma to the rectus 
abdominal muscles has to be considered carefully because of 
eventual vascular lesions of epigastria or intramuscular ves-
sels, with subsequent risk of hemorrhage and successive for-
mation of rectus sheath hematoma, whose clinical presentation 
may be confused with an acute abdomen.

The upper abdomen contains liver and spleen, organs with 
the higher risk of hemorrhagic shock. Liver presents a wide 
variety of injury severity, ranging from minor capsular tear 
without parenchymal injury to extensive disruption of both 
lobes [33]. It has been shown that the diameter of the liver lobes 
and of the arteries in the abdomen, measured by ultrasound, is 
larger in well-trained endurance athletes than in moderately 
trained endurance athletes and in sedentary male subjects [14]. 
Consequently, athletes may be considered a population with 
higher risk. Spleen is the most commonly injured organ and the 
most common cause of death in blunt abdominal trauma in 
sport [11]. Spleen injury should be always suspected when the 
ninth and tenth ribs on the left are fractured.

Retroperitoneal organs lesions are mostly due to sudden 
decelerations, usually associated with motor sports. Among 
them, aortic lesions are undeniably the most life threaten-
ing. Several case reports of fatal and nonfatal aortic lesions 
associated with abdominal trauma are present in literature 
[17, 18, 23]. Pancreatic injuries are seldom reported in lit-
erature; however, they are related with high morbidity and 
mortality, due the unreliable clinical symptoms and the 
associated delayed diagnosis.
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Less life-threatening injuries include damage to duode-
num, colon, ureters, and inferior vena cava; kidney inju-
ries, though involved in more than 20% of sport-related 
abdominal trauma, usually have a good prognosis; how-
ever a misdiagnosis may have serious consequences [34]. 
Abdominopelvic viscera (inferior parts of the urinary tracts 
and internal reproductive organs) are usually well pro-
tected from sports injuries but they can be involved in life-
threatening complex trauma usually derived from high 
velocity motor sports accidents and mountain climbing. 
Fractures of the pelvis can be fatal if associated with an 
unrecognized hemorrhage.

Scrotal and testicular injuries are common in sports 
because of a direct blow. Diagnosis can be sometimes diffi-
cult, as pain is an unreliable indicator of severe injury [19].

Mechanism of Injury

Due to the complex anatomy, the nonspecific symptoms, and 
the frequently late presentation, understanding the mecha-
nism of injury is essential in blunt abdominal trauma. 
Ignorance of sporting injuries mechanism may negatively 
affect the prognosis [5] and each sport has typical patterns of 
injury with defined mechanisms.

In bicycle sports, for example, handlebars have been shown 
to cause intra-abdominal organ trauma. Physicians dealing 
with such trauma should always suspect a concealed abdomi-
nal lesion [1, 29]; in snowboard, cases of ruptured spleen have 
been described as a consequence of high-speed accidents 
[15]; in several contact sports, such as hockey and football, 
spleen and liver lacerations have been reported as a conse-
quence of direct trauma [13, 28].

In case restraining devices are present, such as seat belt 
in motor sports, abdominal injury should always be sus-
pected [31]. Early clinical manifestation of injuries of the 
bowel and mesentery may be poor [3]. The presence of a 
seat belt abrasion across the abdomen should lead to high 
suspicion but it is not necessarily indicative of intestinal 
injury; on the other hand, in its absence, visceral injury can-
not be excluded [7]. Penetrating wounds traverse adjacent 
abdominal organs and most commonly involve the liver, 
small bowel, diaphragm, and colon. A direct acute trauma is 
not necessarily involved in hollow visceral injuries: repeated 
microtrauma of the cecum against a hypertrophied muscle 
wall can cause colic (cecal slap syndrome) [26].

Infrequent mechanisms of trauma can be involved some-
times: many case reports of serious uncommon abdominal 
injuries sustained during sport activity are present in litera-
ture. For example, an anaphylactic shock in a footballer with 
a ruptured hydatid liver after blunt trauma to the abdomen 
from a football has been described [41].

Sideline Management of Abdominal Injury

The first approach to the fallen athlete should take place 
where he has been found and should follow the “ABCDE” 
approach, consisting of: (A) airway, (B) breathing, (C) circu-
lation (D) for dysfunction or disability of the central nervous 
system, and (E) for examination. The sideline approach has 
to be fast and direct.

If a spinal injury is suspected, the athlete should not be 
moved, unless prone and unconscious [22, 39], and there is 
no possibility to perform the initial clinical examination: in 
this case, he should be put in a supine position.

The sideline physician should identify any problem areas 
and differentiate benign from potentially life-threatening 
abdominal injuries. This may be difficult, because of the lack 
of specificity of initial clinical signs of many severe abdomi-
nal injuries. In case of multiple injuries, the assessment and 
management of abdominal injuries must take second place to 
potentially more life-threatening ones. Therefore, cervical 
spine control and ventilation must take priority over circula-
tion and control of hemorrhage, usually the most serious 
consequences of severe abdominal injury. Factors to be con-
sidered at this first stage are the presence of witnesses and 
the mechanism of injury. Imperatively, all information 
regarding injury has to be conveyed to those providing defin-
itive care, by the athlete himself or by witnesses of accidents. 
Also requiring consideration are the athlete’s age and his 
general and specific medical conditions, the kind of sport 
practiced, the speed and duration of the action that caused 
the injury, and environmental conditions.

Once the primary survey is complete, the patient should 
undergo a secondary assessment that should be made in the 
best convenient place (sideline, medical room, ambulance) 
according to the medical condition of the athlete, environ-
ment, and the sport involved. The sideline physician has to 
decide if the athlete is able to return to play, he should be 
stopped or eventually transported to the hospital. Eventual 
abdominal emergency should also be recognized. In case of 
a suspected intra-abdominal injury, the athlete should be 
promptly transferred to hospital to have a formal diagnosis. 
In this case, the athlete should lie supine on the sideline in a 
modified Trendelenburg position to direct blood flow to the 
heart. Quick stabilization of vital parameters should start as 
soon as possible; a venous access with fluid resuscitation of 
the patient is fundamental. The athlete may show signs of 
shock, with tachycardia and hypotension, together with pale 
sweaty skin, anxiety, dyspnea, and confusion.

Assessment of the back should also be carried out with a 
meticulous examination. An abdominal trauma is normally 
accompanied by pain. The sideline physician should deter-
mine his localization, evolution, and the irradiation. Localized 
pain is usually related to abdominal wall injury while spread 
pain, abdominal guarding, rigidity, rebound tenderness, and 
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pain with laughing, coughing, jumping, or bouncing are 
signs of an injury to the viscera with intraperitoneal irrita-
tion. Typical signs present in abdominal trauma could be 
radiation of pain to the left shoulder (Kehr sign), indicating 
blood irritating the diaphragm or a bluish periumbilical dis-
coloration symptomatic of hemoperitoneum (Cullen sign). 
Percussion may show signs of peritonitis, gastric dilatation, 
or hemoperitoneum. On auscultation, an absence of bowel 
sounds may suggest an ileus, caused by intra-abdominal 
lesion. External genitalia should be assessed for ecchymosis, 
bleeding or other evidence of injury [33, 34]. In abdominal 
trauma, delayed signs and symptoms could affect the initial 
diagnosis [13, 28].

Injury Prevention

Frequent and recurrent injuries with the same sport-specific 
patterns should be limited through prevention programs [34]. 
Sport authorities themselves should support such strategies 
and on the basis of injury analysis, data collection and report-
ing, rules and equipment should be adapted to prevent inju-
ries [24]. The importance of injury surveillance and reporting 
in emerging sports, involving new injury patterns, has been 
shown to be highly relevant in abdominal injury prevention 
through athlete education [35]. It has been shown, for exam-
ple, how simple measures can prevent abdominal injuries in 
cycling by covering the metal ends of the handlebars with 
foam or plastic [1, 9].

Conclusions

Abdominal injuries are frequent in sport and sideline physi-
cians should be ready to manage them correctly. Even if only 
a small percentage can have serious consequences, they 
should not be underestimated as they can be potentially life 
threatening. A high index of suspicion should be maintained, 
as their clinical presentation is often unreliable. In case of 
doubt, the athlete should be imperatively removed from com-
petition. Moreover, prevention programs should be carried on 
to limit frequent and recurrent sport-specific injury patterns.
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Spine Injuries in Sports

Feza Korkusuz 

Introduction

Acute and chronic spine injuries in sport are common but 
they are seldom recognized. Injuries with cord compression 
may lead to severe complications including para or tetraple-
gia. Silver [1] recorded acute trauma admissions to the 
National Spinal Injuries Center and found an increase in spi-
nal trauma from 12.1% (1951–1968) to 17.5% (1984–1988) 
in the UK. The main causes of spine sport accidents in the 
UK were observed in diving, riding, rugby, gymnastics, and 
recently skiing. Spine injuries in sport can be acute or 
chronic. Eight percent of the spinal cord injuries in the USA 
happen during recreational sport activities [2]. Although 
facts and figures on spine injuries in extreme sports are not 
defined, the increase in speed, height, and level of difficulty 
in sports such as motor sports, snowboarding, mountain 
climbing, paragliding, and rafting must have increased the 
incidence of spine injuries in sports. Supportive equipment 
developed for such sports on the other hand may help pre-
venting severe outcomes.

Christopher Reeve – a famous actor – suffered from spi-
nal cord injury after a fall during horseback riding. Several 
attempts including stem cell therapy were undertaken to treat 
his injury with limited success. He died of a complication 
secondary to his injury. Another recently paralyzed athlete 
was Liu Yan of China. She was a dancer preparing for the 
Olympic ceremony last year. After extreme training for a 
long duration she suffered from a fall and the Olympic torch 
carrying athlete suddenly became wheelchair dependent. 
Today, there are specially designed airbags that are in a jacket 
form that open up immediately after lifting up from the back 
of the horse or motorcycle and protect the cervical and the 
thoracic spine during a fall.

Chronic injuries to the spine are also rarely recognized 
in sports. Medical staffs even including spine surgeons 
sometimes treat patients without recognizing that these are 
sport injuries. Such injuries are recorded in tennis [3] and 
volleyball [4] players. This chapter highlights recent 
research on acute and chronic injures to the cervical and 
lumbar spine.
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Cervical Spine

The incidence of spinal cord injury in the USA per year is 
approximately around 11,000 [5]. Football, soccer, rugby, 
ice hockey, skiing, gymnastics, wrestling, and diving have 
risks of cervical spine injury [6]. Most cervical spine injuries 
in sports occur after a fall on the head. The hyperflexion of 
the spine (Fig. 1) causes fractures and/or dislocations [7]. 
Concomitant head injury usually predominate the clinical 
picture and the spine injury is missed instantly. Hyperextension 
or axial loading of the cervical spine may occur in football 
too [8]. Pain, paresthesia, and/or motor weakness in the 
extremities are major clinical findings. The number of cervi-
cal spine injury in rugby is usually higher at the beginning of 
the athletic season and decreases as the season proceeds [9]. 
The most common reason for cervical spine injury in foot-
ball and rugby was spear (head) tackle, which was banned at 
the end of the1980s. The severity of rugby-related spinal 
injuries according to the Frankel classification in New 
Zealand decreased significantly with the new rules that pro-
hibited head tackle [7]. Catastrophic cervical spine injuries 
in high school and college football players were researched 
by Boden et al. [10] at the National Center for Catastrophic 
Sports Injury between September 1989 and June 2002. The 

incidence of acute spine injuries in soccer is 8.6 per million 
[11]. A catastrophic cervical spine injury is defined as 
“a structural distortion of the cervical spinal column associ-
ated with actual or potential damage to the spinal cord.” [12]. 
The incidence of direct catastrophic cervical spine injuries in 
sports per year was recorded as 15.1. Injuries among high 
school athletes were 1.1/year/100,000 injuries where the inci-
dence of injuries dramatically increased to 4.7/year/100,000 
injuries among college students. The incidence of quadriple-
gia was 5.85/year and the most common reason was spear 
tackling. Hyperflexion, hyperextension, and axial forces 
caused cervical cord neuropraxia. Quadriplegia and neuro-
praxia were more common in defense rather than offense 
players. Potential risk factors for rugby-related spinal inju-
ries are defined in details [10]. They can be divided as (a) 
extrinsic and (b) player-related risk factors. Extrinsic risk 
factors include (a) laws of the game, (b) illegal play, (c) 
match play, (d) phase of the play, (e) position of the player, 
(f) time of the season, and (g) environmental conditions. 
Furthermore, (h) the hardness and condition of the pitch, (i) 
referees control of the game, and (j) the instructions of the 
coaches play important roles. Player-related risk factors 
include (a) grade, (b) age-maturity, (c) experience, (d) posi-
tion, (e) skill, (f) anthropometric characteristics – body size 
and shape, (g) congenital abnormalities of the spine, (h) 
physiological characteristics –strength and anaerobic fitness, 
(i) psychological characteristics, (j) information processing 
ability, (k) visual acuity, (l) impairment –fatigue, alcohol, 
drugs, (m) occupation, (n) gender, and (o) ethnic origin [7].

Cervical spine injures are also frequent in sports other 
than football and rugby. An increase in cervical spine inju-
ries was observed in female, young (age 14 and lower), and 
recreational riders compared to professional, adult, and male 
riders, which were recorded as equestrian injuries [13]. Spine 
injuries amongst skiers and snowboarders are increasing. 
They are rare but have serious outcomes. They tend to occur 
in young males and are more likely to be associated with 
long-term nerve damage. Spinal injuries predispose to fol-
low a pattern of excess speed, losing control, and a bad land-
ing from a jump. They frequently are associated with the 
head impacting. Thoracic and lumbar injuries are less likely 
to be associated with nerve damage and result from the spine 
being compressed, usually as a result of a landing directly on 
to the lower back and/or buttocks [14].

Acute injuries of the cervical spine and spinal cord in sports 
are among the most common causes of severe disability and 
death. Mechanisms of injury vary according to the location of 
the trauma. About 40% of the normal flexion and extension 
motion of the cervical spine occurs in the occipitocervical 
joints. Excessive force at this spinal level may cause ruptures 
of the surrounding ligaments. Approximately 40% of rotation 
in the cervical spine occurs at the atlantoaxial joint. Excessive 
rotational forces may cause odontoid fractures and/or tear of 

Fig. 1 A representative hyperflexion X-ray picture that may cause a 
fracture and/or dislocation when excessive forces are generated
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the transverse ligament. Injuries at the upper cervical spine are 
usually misdiagnosed. When an injury to the upper cervical 
spine is suspected, trans-oral X-ray pictures should be obtained 
to diagnose odontoid fractures. Fractures and dislocations 
may also occur in the lower cervical spine. Instability may 
happen not only due to bone fractures but also soft tissue rup-
tures. In cases where the ligaments and discs of the anterior, 
central, and posterior column are concomitantly ruptured, 
radiology examination will be normal [15]. Such injuries are 
more common in young athletes, and in such cases advanced 
imaging techniques including magnetic resonance should be 
remembered. Allen et al. [16] classified cervical spine frac-
tures according to the mechanism of injury. The groups were 
(a) compression-flexion, (b) axial compression, (c) distraction-
flexion, (d) compression-extension, (e) distraction-extension, 
and (f) lateral flexion. In sports, however, rotational forces act-
ing on the cervical spine are common and they should be taken 
into account when assessing the mechanism of injury. Torg 
et al. [17] identified the C3-C4 level as the most common site 
of dislocation in football players.

Not only acute but chronic injuries related to sports to 
the cervical spine are observed [18]. The weight of a soc-
cer ball ranges between 396 and 483 g. The radius of the 
ball ranges between 68 and 71 cm. Pressure of the ball at 
sea level is approximately 1 kg/cm2 and the speed of ball at 
head contact can reach up to 130 km/h. The theoretical force 
generated at the players head and neck at contact is calcu-
lated to be around 2,000 N. Soccer is one of the most popu-
lar sports around the globe with a high incidence of trauma 
[19]. The incidence of head and neck injuries in soccer varies 
between 4% and 22%. Radiological findings of degeneration 
[20], severe muscle spasms, spinal cord injuries [21], disk 
herniations, and fracture dislocations [22] are documented 
among the acute injuries to the cervical spine in soccer; how-
ever, degenerative changes due to continuous impact caused 
by continuous heading of the ball are rarely recorded. In a 
recent study [18], we assessed the cervical spine of active 
and veteran soccer players and their age-matched controls 
biomechanically, radiologically, and using dynamic mag-
netic resonance imaging. To test the biomechanical perfor-
mance of the cervical spine, a dynamometer was developed. 
Extension strength and moments were recorded using a 
spring with a constant resistance (Fig. 2). Range of motion 
of the cervical spine was camera recorded against a visual 
scale. Radiological parameters of degeneration including (a) 
dislocation, (b) ankylosis, (c) osteochondrosis, (d) osteolysis, 
(e) anteroposterior angulations, (f) arthrosis, (g) platyspon-
dylosis, (h) kyphosis, (i) loss of flexibility, (j) translation, 
(k) congenital anomaly, (l) pedicular enlargement, and (m) 
enlargement of the facet joints were recorded in anteroposte-
rior and lateral X-ray pictures [23]. The sagittal diameter of 
the spinal canal was measured and kinematic analysis was 
carried out in lateral flexion and extension X-ray pictures 

according to the Beuetti-Bauml and Panjabi [24] techniques. 
Bone and intervertebral disc pathologies including bulging, 
osteophytes and disc protrusion, loss of cervical lordosis, 
static and dynamic spinal cord impingement, and spinal cord 
compression in hyperflexion were evaluated in magnetic 
resonance. Furthermore, the volumes of the semispinalis 
cervicis and semispinalis capitis muscles were calculated. 
Soccer players’ range of motion was significantly (p = 0.01) 
lower when compared to that of their age-matched controls. 
Radiological and magnetic resonance findings of degenera-
tion were obvious but not statistically significant in soccer 
players (Fig. 3). A correlation between posterior cervical 
muscle volumes and generated power could not be estab-
lished. Limitations of this study were only a small group of 
male amateur soccer players were  evaluated. The small num-
ber of participants allowed the use of non parametric tests for 
statistics only. Quantitative scoring of magnetic resonance 
images was furthermore not possible.

Upper thoracic fractures and dislocations in sports are rare. 
Stress fractures of the spine can occur in heavy weight lifters. 
Even recreational athletes suffer from such injuries. These frac-
tures usually occur in the thoracic spine and may result in tran-
sient or permanent spinal cord injury. Lower thoracic and 
lumbar fractures and dislocations are classified according to the 
three-column theory [25]. Any bony or ligamentous injury in 
two of the three columns at a single level should be classified as 
instable. According to the mechanism of injury, these fractures 
are again classified as (a) compression-flexion, (b) distraction-
flexion, (c) lateral flexion, (d) translation, (e) torsion-flexion, (f) 
axial compression, and (g) distraction-extension. Such injuries 

Constant (C)

E
longation (X

)

Fig. 2 Schematic drawing of how Power was calculated for cervical 
extension. C is the constant of the spring. X is the elongation of the spring. 
Work (J) was calculated as ½CX2. Power (W) is calculated as Work/t
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may occur in motor sports. Fractures to the fifth lumbar verte-
bra and sacrum are rare. These fractures occur after high-energy 
trauma and concomitant fractures and/or other organ injuries 
are common. Such injuries occur after a fall from a height, for 
example, during mountaineering.

Lumbar Spine

A study on the effect of long-term soccer playing on spinal 
mobility and lumbar spine degeneration was carried out 
recently [26]. In this study six active and five veteran soccer 
players were compared to their age-matched controls. 
Spinal flexibility was measured by the modified Schober 
test. The bone mineral density was measured by a dual 
energy X-ray absorptiometry (DXA) and the trunk muscle 

strength was measured by an isokinetic dynamometer. 
Radiological findings were scored according to Kellgren 
and Lawrence [27]. Lumbar disc degeneration was signifi-
cantly more obvious in the veteran group when compared to 
active players and to their age-matched controls. As radio-
logical scores of degeneration increases with age, the flexi-
bility of the lumbar spine decreased in soccer players. 
Radiographic findings of the lumbar spine in 70 male soc-
cer players were recorded in another study [28]. Hannover 
Functional Ability Questionnaire for measuring back pain-
related disability scores were found to be lower in soccer 
players when compared to their age-matched controls in 
that study. Lumbar disc heights were higher and osteophytes 
were more obvious in soccer players. Findings of degenera-
tion were more severe in forward players. Volleyball and 
tennis players frequently present chronic injuries in their 
spine. Such injuries are acute spondylitis, spondylolisthe-
sis, pars interarticularis ruptures, and stress fractures [29]. 
These injuries need medication and withdrawal from sport 
activities. Treatment consists of nonsteroidal anti-inflammatory 
drugs in association with a physiotherapy program.

One other concern is the time to return to play after spine 
injury. Minor injuries such as strains or sprains and/or acute 
attacks of degenerative changes respond well to medical 
treatment, exercise, and physiotherapy. Professional athletes 
usually tend not to tell their team doctor that they suffered a 
spine injury and/or would like to go back to competitive 
sport activities as soon as possible. Return to play after tran-
sient spinal cord injuries and/or spinal surgery is well defined 
[30]. Distinct rules should be strictly followed. Special atten-
tion should be given to athletes who have a narrow spinal 
canal and straightening of the cervical lordosis. Spear-tackle 
should be avoided in these athletes.

In conclusion, the National Athletic Trainers’ Association 
provided recommendations for prevention and emergency 
management of spine injuries in sport [31]. Medical staff 
responsible for emergency cases in sports should be educated 
for spine injuries. They should be prepared to immobilize 
and stabilize the spine appropriately. Unconscious athletes or 
conscious athletes with midline spinal pain should be treated 
and transferred appropriately. The spine should be kept at 
neutral position at all times. Most injuries to the spinal cord 
occur not at the time of the injury but during approaching 
and transferring the injured athlete. To prevent chronic spine 
injuries, although scientifically not proved, we propose add-
ing cervical and dorsal muscle strength training to ordinary 
soccer training to prevent spinal injuries in sport.
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Vascular Problems in Athletes

Piotr Szopiński and Eliza Pleban 

Introduction

A vascular lesion should be suspected in any athlete com-
plaining of fatigue, loss of endurance, pain, or swelling in an 
extremity. It particularly applies to sportsmen involved in a 
repetitive activity. Athletes who are exposed to repeated 
motion or high-speed collisions may have either arterial or 
venous injuries. The majority of injuries are related to a known 
insult, such as injury sustained during contact sport or after a 
fall. Some vascular complications are connected with stress 
and have nothing in common with any identifiable physical 
trauma. These are referred to as nontraumatic vascular compli-
cations and may lead to decreased performance and an inabil-
ity to pursue professional competition. They are stress-rel ated 
injuries which include endofibrosis (intimal hyperplasia), 
 thoracic outlet syndrome, Paget-Schroetter syndrome,  stenosis 
or kinking of the iliac arteries in flexion, dissection of the 
external iliac artery, popliteal entrapment syndrome, adductor 
canal syndrome, effort-induced venous thrombosis, and 
chronic exertional compartment syndrome [4, 15].

Failure to recognize a vascular injury in these patients 
may result in inadequate treatment of a potentially limb-
threatening lesion. The clinicians’ knowledge of many dif-
ferent sporting disciplines and understanding of the natural 
history and risk factors and optimal treatment of both arterial 
and venous lesions may help in prompt and accurate diag-
nosis. This requires a high level of suspicion, a detailed 
vascular history and physical examination of the patient. 
Interpretation of these vascular lesions can be difficult 
because they can be confused with musculoskeletal or neuro-
logical lesions and have a similar presentation. Simple 
 vascular investigations such as checking the pulse or ankle-
brachial pressure index (ABPI) measurement may also be 
inconclusive. The imaging examinations are of key impor-
tance for establishing the diagnosis. The use of ultrasound 
and color Doppler as well as magnetic resonance (MRI), 
magnetic resonance angiography (MRA) and computed 
tomography angiography (CTA) have been found useful. 
Invasive investigations such as angiography or intravascular 
ultrasonography (IVUS) are used to confirm the diagnosis 
and give anatomical details before surgical intervention.
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The management options include conservative treatment, 
balloon angioplasty, endarterectomy with vein patch angio-
plasty, surgical mobilization of the arteries for functional 
lesions, vascular reconstructions in case of intravascular 
lesions, and myofascial release or bone resection for entrap-
ment or compartment syndromes.

Traumatic Vascular Injuries  
of the Upper Limb

The shoulder joint is the most mobile articulation in the 
human body. The shoulder girdle positions and stabilizes the 
upper limb in space, thus maximizing its functional capacity. 
The subclavian/axillary artery and vein and the brachial 
plexus are relatively well protected along their course by the 
clavicle and the overlying pectoral musculature. However, 
they are vulnerable to blunt trauma and to injury secondary 
to dislocation of the glenohumeral joint or clavicle fracture. 
Neurovascular injuries involving the shoulder girdle are usu-
ally observed in contact sports such as American football 
and wrestling. These vascular injuries are relatively easy to 
diagnose as there is a connection with shoulder injury and 
they are usually suspected. Less frequent are direct vascular 
lesions of the forearm as it is in case of volleyball players. 
These are post-traumatic pseudoaneurysms presenting as 
well visible, painful, growing pulsing masses in the subcuta-
neous tissue. Left untreated, they may coagulate leading to 
acute limb ischemia [4, 38, 39, 42].

Nontraumatic Vascular Injuries  
of the Upper Limb

Thoracic Outlet Syndrome

Thoracic outlet syndrome (TOS) is a set of disorders affect-
ing the subclavian-axillary neurovascular bundle that exits 
the thoracic cage. Raynaud’s symptoms are common in 
patients suffering from the neurogenic thoracic outlet syn-
drome. These “vascular” symptoms result from intermittent 
compression of the inferior trunk of the brachial plexus, 
 carrying the sympathetic innervation to the arm. Arterial 
injuries of the subclavian artery in TOS are generally pro-
duced by osseous abnormalities such as a cervical rib, 
an anomalous first rib, or by the anterior scalene muscle. 
The mechanisms by which damage to the axillary artery 
occurs are less known. There have been reported injuries 
caused by the  pectoralis minor tendon or adjacent nerves 
and compression of the third portion of the axillary artery by 

the head of humerus. Arterial thrombosis of the axillary 
artery as a result of repetitive compression has been also 
noted. The anterior and posterior circumflex humeral arter-
ies may also be stretched and compressed by the musculature 
of the shoulder girdle. Repetitive injuries to these branch 
arteries may lead to thrombosis or aneurysm formation. 
Subsequent distal embolization may result in severe hand 
ischemia [24, 30, 45].

These injuries can probably occur in any athletic activity 
that is associated with repeated, forceful extension of the 
upper limb. The condition has been most commonly reported 
in professional baseball pitchers and fistball and volleyball 
players; other potential candidates for these injuries are 
 butterfly swimmers, weight lifters, oarsmen, kayakers, and 
tennis players. In case of baseball pitchers the finding that 
humeral head hypertrophy occurs with forceful upper limb 
exercise can be an additional factor. The most typical symp-
toms include pain, weakness, or tingling of the fingers that 
affect pitching control or endurance, mild or severe ischemia 
of fingers, hand or arm. On examination position-dependent 
decrement in the peripheral radial pulse and blood pressure as 
well as delayed capillary refill are evident. The bruit may also 
be heard. Secondary thrombosis, generating retrograde from 
the subclavian artery can reach the innominate artery junc-
tion, next embolize up the right carotid artery causing left 
hemiplegia. However, if the clinician is not suspicious enough, 
the affected athlete is very likely to be initially misdiagnosed 
with musculoskeletal shoulder pain [14, 24, 27, 53].

Available imaging modalities include Doppler ultra-
sonography, conventional CT or CTA, and MRA. The ana-
tomical detail afforded by MRI often provides additional 
clinically useful information. Conventional radiography 
should be always included as a part of the diagnostic evalu-
ation to identify/rule out other bony abnormalities, particu-
larly if the patient provides a history of trauma to the 
shoulder girdle since TOS has been reported to occur as 
a late consequence of a fractured clavicle. The diagnostic 
finding is a position-dependent interruption of blood flow. 
Other relevant findings include poststenotic vascular dilata-
tion and aneurysms. On angiograms, peripheral emboli may 
also be found [12, 21].

Effective treatment of TOS arterial injuries requires early 
recognition of the arterial complication and prompt correction 
of the comprehensive mechanism and vascular reconstruction 
when necessary. Compression alone is best treated by divi-
sion of offending muscle and tendon, however justification 
for direct surgical intervention in athletes with compression 
alone and no structural injury or embolization remains uncer-
tain [14, 27]. For a baseball pitcher, a modification of pitching 
mechanics should be tried first, and surgical intervention 
should be reserved for persistent symptoms or ischemic com-
plications. Removal of the first rib is a key to adequate decom-
pression in most cases of an osseous anomaly, and can be 
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performed via the transaxillary or transcervical approach [24]. 
Although traditional reconstruction is advocated, some 
authors have reported the successful use of an extra-anatomi-
cal by-pass anterior to the pectoralis muscle after arterial 
injury in pitchers [27]. The greater saphenous vein should be 
considered the conduit of choice. Preoperative catheter-
directed thrombolysis of distal emboli may be very useful. 
Due to high reactivity of the upper limb vessels, this tech-
nique is superior to catheter embolectomy. In most cases, sur-
gical intervention with proper rehabilitation program leads to 
resolution of symptoms and allows athletes to return to their 
previous level of competition [14].

Paget-Schroetter Syndrome

Paget-Schroetter syndrome (PSS), which is also known 
as “effort thrombosis” or spontaneous axillosubclavian 
thrombosis, represents the major form of venous TOS. 
This relatively uncommon disease afflicts otherwise 
healthy and active young people. Men appear to be more 
frequently diagnosed with PSS than women. It is char-
acterized by subclavian/axillary vein thrombosis con-
nected with overhead activity rather than obvious trauma. 
Mechanical compression by the first rib, clavicle, ante-
rior scalene muscle, and fibrinous adhesion are enumer-
ated among the main causes of the syndrome. Repetitive 
hyperabduction combined with external rotation of the 
upper limb at the shoulder is believed to persistently com-
press the subclavian/axillary vein which results in cumu-
lative damage to the intima and transient restriction of the 
venous flow [41].

Athletes with acute PSS usually complain of general 
effort-dependent pain in the dominant upper limb, fatigue, 
and/or weakness with functional limitation, and declining 
athletic performance. Initial symptoms may also include 
heaviness, paresthesias, and upper limb swelling. Doppler 
ultrasonography reveals the location and extent of the throm-
bus, but contrast venography provides superior detail of the 
sites of any external venous compression.

Conservative treatment includes rest and systemic hepa-
rinization, followed by long-term oral coagulation, but some 
authors suggest that this treatment gives no benefit. Open 
thrombectomy has also been abandoned because of poor 
long-term results. Catheter-directed thrombolytic therapy is 
the current standard treatment of acute PSS, but it may be 
less successful in cases of chronic subclavian vein throm-
bosis (Fig. 1). Prompt surgical decompression of the sub-
clavian vein (within 2 weeks of symptom onset), consisting 
of first rib resection, scalectomy, and subclavius muscle 
resection within hours after successful thrombolysis, is 
crucial for a favorable clinical outcome for the treatment 

of PSS [19, 41, 47, 55]. Postoperative rehabilitation should 
emphasize correction of postural maladaptations that may 
 predispose the individual to PSS [11].

a

b

c

Fig. 1 Phlebography of the left upper limb of a 23-year-old volleyball 
player with Paget-Schroetter syndrome. Duplication of brachial and 
axillary veins. (a) Diagnostic catheter introduced through one of the 
brachial veins. Thrombosis of brachial (BV), axillary (AV), and subcla-
vian veins (SV). (b) Phlebogram showing results of local fibrinolysis 
with the use of rtPA 6 h after starting infusion. Recanalization of the 
brachial vein. (c) Results after 12 h of local rtPA therapy. Successful 
recanalization of the axillary vein. Persistent subclavian vein occlusion 
with visible collateral expansion
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Hypothenar Hammer Syndrome

The condition was first recognized as an occupational disease 
of workers who habitually used their hands as a hammer to 
strike, push, or twist hard objects. Among athletes it has been 
reported in baseball catchers, golfers, weight lifters, volley-
ball, tennis, squash and badminton players, karate fighters, 
and snowboarders [43, 44, 56]. It is a well-recognized cause 
of digital ischemia, which results from occlusion of the ulnar 
artery. The artery divides into a deep and superficial branch 
in Guyon’s canal where it is bounded laterally by the pisi-
form and the hook of the hamate, dorsally by the transverse 
carpal ligament, and superficially by the volar carpal liga-
ment. This “unprotected” superficial segment of the artery is 
vulnerable to trauma, which may lead to arterial occlusion or 
aneurysm formation. Ischemic signs are present in most 
cases, 30% showing gangrene. The ulnar aneurysm is found 
as a pulsatile mass located at the hypothenar eminence and is 
easy to diagnose; however, if the mass is not pulsatile due to 
thrombus and mimics acute infection, it may be misdiag-
nosed [13, 32, 43]. The diagnosis is confirmed by Duplex 
ultrasonography, but a detailed preoperative evaluation 
includes digital subtraction angiography, CTA, or MRA. 
MRA reveals a characteristic “corkscrew” elongation with 
alternating stenosis and ectasia [13]. Different therapeutic 
options can be considered depending on the severity of signs 
and symptoms. Cases with mild ischemic signs may be 
treated conservatively. The treatment includes discontinua-
tion of the activity responsible for microtrauma, calcium 
entry blockers, and hemodilution. In other cases and for 
aneurysm repair, resection is followed by end-to-end anasto-
mosis or vein graft interposition, possibly combined with 
thrombolysis.

Nontraumatic Vascular Injuries  
of the Lower Limb

Stenosis of the Iliac Arteries

Isolated stenosis and/or compression of the iliac arteries has 
been described in majority in competition cyclists but also in 
long-distance runners, cross-country skiers, rugby players, 
football players, and body builders [8, 23, 29]. The external 
iliac artery is most commonly involved. Vascular insuffi-
ciency may account for up to 20% of leg symptoms in top-
level competitive cyclists. The lesion occurs predominantly in 
the left iliac artery, but in about 15% of cases it is bilateral. 
Rarely does it coexist with dissection of the iliac artery. The 
age is much younger than that of the patients with atheroscle-
rosis. These patients usually complain of vague lower limb 
pain, cramps, numbness, weakness, unexplained deterioration 

of cycling performance, swelling, and claudication at or near 
maximal exercise levels and sometimes only with very spe-
cific activities (in e.g., cycling) [36].

Numerous mechanisms contribute to this condition. The 
characteristic aerodynamic posture and repetitive hyperflex-
ion of the hip cause bending and stretching of the external 
iliac artery, which may lead to the arterial wall damage and 
predispose it to kinking. Kinking alone can cause flow limita-
tions. Some authors believe that stenosis can be connected 
with repetitive trauma to the artery from a hypertrophied 
psoas and abdominal muscles or by repetitive compression by 
the inguinal ligament [3]. In 10–20% of cases endofibrosis 
with marked thickening of the intima is described as the 
pathologic lesion, which causes an isolated narrowing. High 
blood flow generated from increased cardiac output of 30 L/
min, and the flow to a lower extremity increased up to 12 
times over resting levels has been proposed as a potential con-
tributory mechanism to vascular wall injury leading to endo-
fibrosis. Iliac artery dissection as well as endofibrosis occurs 
at the point where the external iliac artery originates from the 
common iliac artery and curves up out of the pelvis. This cur-
vature is intensified with hip flexion of a cyclist [31, 36, 49].

The diagnosis cannot be established on the basis of a rest-
ing examination, therefore specific cycloergometer-based 
protocols should be used. ABPI decrease in the first minute 
post-maximal exercise to less than 0.5 has typically been 
described. During conventional imaging, some abnormali-
ties may be missed due to the posture of the patient different 
from the one assumed during competitive cycling. Specific 
maneuvers such as hip flexion or psoas contraction can be 
valuable. The use of ultrasound and color Doppler has been 
found to be effective in visualizing kinking and intravascular 
lesions of the external iliac artery. Digital subtraction angiog-
raphy is used to confirm the diagnosis and give anatomical 
details before surgical intervention. MRA is increasingly 
being used as the investigation of choice, as it may show 
higher sensitivity than angiography and at the same time is a 
noninvasive procedure able to reconstruct three-dimensional 
images [1, 20, 36].

The treatment of iliac artery stenosis is challenging 
because most patients expect a return to their maximal level 
of fitness after treatment. Conservative management com-
bines risk modifications, change of lifestyle, and cycling 
adjustments such as modification of the posture and bicycle 
setup, reduction of the level of exercise, or even total with-
drawal from cycling. Such management is strongly recom-
mended but unacceptable for most professional cyclists and 
many competitive amateurs [49]. Endovascular therapy is 
less invasive than surgical treatment and may result in earlier 
return to sport activities; however, balloon angioplasty may 
only provide short-term durability and symptom relief owing 
to early recoil. The use of stents must be avoided because of 
high risk of restenosis and stent fracture caused by repeated 
mechanical compression [20]. Various types of surgical 
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intervention have been described in literature. The choice of 
treatment option depends on the pathological cause of the 
iliac artery compression and may include arterial release, 
shortening of the artery, resection of fibrotic segment, and 
endarterectomy with vein patch angioplasty, which seems to 
be the preferred option [15, 20, 36].

Dissection of the Iliac Arteries

Spontaneous dissection, especially bilateral of the external 
iliac artery is extremely rare. The etiology is usually related 
to connective tissue disorders, fibromuscular dysplasia, or 
atherosclerosis. Highly trained athletes (long-distance run-
ners, competition cyclists, bodybuilders) most commonly 
over the age of 40 are susceptible to this lesion [9, 22] Patients 
may remain asymptomatic, or present with groin pain, inter-
mittent claudication, or lower limb ischemia in most cases 
occurring soon after an intense athletic event. It is possible 
that chronic episodic exertional hypertension makes arteries 
liable to dissection. Some pathologic studies show an arterial 
dissection and an otherwise normal intima. It is unlikely that 
dissection occurred as a result of a preexisting abnormal 
intima. The natural history of this condition is not well 
known and an evolution toward occlusion, late rupture, or 
aneurysm is possible. Cases of spontaneous healing with 
conservative treatment have also been reported. Optimal 
treatment is disputable. Asymptomatic patients or these with 
moderate discomfort and normal iliac artery size and ABPI 
may be treated conservatively. In case of intensive discom-
fort, surgical treatment is recommended, including replace-
ment of the whole pathologically changed artery by an 
iliofemoral by-pass using a retroperitoneal approach. In case 
of endurance athletes, the use of an autologic saphenous vein 
graft seems more appropriate than a prosthesis. The endovas-
cular treatment including balloon angioplasty, stent or stent-
graft implantation remains controversial [16, 26].

Popliteal Artery Entrapment Syndrome

Abnormal anatomy of structures in the popliteal fossa may 
result in anatomic (embryological) entrapment of the 
popliteal artery, and less frequently of the vein. Patients with 
normal popliteal fossa, however, may also present with 
entrapment of the popliteal vessels, and the term “functional 
entrapment” has been introduced. The true incidence of the 
syndrome is unknown and varies from 0.165% to 3.5%. The 
bilateral occurrence of the condition is rare. A review of  
the literature on functional popliteal entrapment reveals that 
the incidence of asymptomatic occlusion in the general pop-
ulation is 30–40% and may be the underlying cause of the 

claudication symptoms in up to 60% of young  athletes [34, 
35, 46].

The current classification of embryological entrapment 
includes: abnormal development of the medial head of the 
gastrocnemius muscle (MHGM) in type I and II; abnormal 
fibrous, muscular, or tendinous bands usually derived from 
remnants of the MHGM in type III, and the primitive posi-
tion of the distal popliteal artery posterior to the popliteus in 
type IV. When any type of entrapment mechanism includes 
or surrounds the popliteal vein and the artery, it is termed as 
type V. The current classification lists functional entrapment 
as type VI [46].

A common clinical picture is that of a young athlete com-
plaining of deep soleus calf cramping with plantar paresthe-
sia when running on inclines or with repetitive jumping. 
Intense physical activity may precipitate other symptoms 
such as coldness, paresthesia, or numbness. More severe 
symptoms are rare, but rest pain and tissue loss have been 
described. The entrapment can lead to artery degeneration, 
occlusion, or aneurysm formation [54].

Current diagnostic modalities include handheld Doppler 
examination, duplex ultrasound scanning, MRI and MRA, 
angiography and CTA, but all of them have certain limita-
tions. Arteriography has currently become the gold standard 
for establishing the popliteal entrapment. In cases of func-
tional entrapment, the results may be normal until pro-
vocative maneuvers such as force ankle plantar flexion 
demonstrate the compression of the popliteal vessels. CTA 
provides more details of non-arterial anatomy, gives excel-
lent arterial images of noncalcified vessels without the need 
of arterial puncture. Though MRI gives the possibility to dis-
tinguish anatomic from functional types of the disease, it can 
be technically difficult as it requires the patient to maintain 
maximal ankle planar flexion for a prolonged time, often 
inducing movement artifacts. MRI is the current gold stan-
dard to identify popliteal fossa anatomy at rest. Determination 
of the ABPI in neutral and forced plantar position is another 
appropriate method for both initial diagnosis and screening 
of the treatment results [16, 46].

Therapy for popliteal entrapment syndrome depends on 
the extent of the arterial injury, the severity of the muscular 
anomaly, the dynamic relationship between contracting 
muscles and the adjacent artery, the clinical presentation, 
and the level of physical activity. In patients with critical 
ischemia and young active individuals who wish to persist 
with a lifestyle that involves sports, reversed saphenous vein 
by-pass and release of the entrapment mechanism is the pre-
ferred treatment. In symptomatic patients with normal anat-
omy, occlusion and degeneration have been described, 
therefore surgery is recommended for this group. A variety 
of operative procedures have been described to relieve the 
symptoms. These include MHGM myotomy, fasciotomy, 
excision of the plantaris muscle, release of the soleal sling, 
and excision of the popliteal muscle. Results of popliteal 
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fossa exploration, by-pass, or muscle detachment, or a 
 combination of these, and fossa decompression bring good 
results (Fig. 2). Although most series report a small number 
of patients, over 90% appear to return to sport activities in up 
to 3 months with resolution of all previous symptoms. Most 
saphenous vein grafts have been reported to be patent at 
5 years [6, 35, 46].

Traumatic Vascular Injuries  
of the Lower Limb

Blunt trauma of the common femoral artery (CFA) is 
 relatively rare, with most of the cases occurring in com-
bination with bone fractures [5, 7, 25]. Blunt injury to the 

CFA, not associated with a fracture, is a rare  phenomenon. A 
well-recognized form of common femoral artery blunt injury 
is the “motor-scooter handlebar syndrome.” The CFA suffers 
a direct blow from the handlebar of a motorcycle or bicycle 
as the rider falls forward. Femoral artery injury caused by a 
direct blow to the groin from objects other than handlebars 
has also been reported [48]. The CFA is compressed against 
the underlying superior pubic ramus and femoral head [48]. 
The CFA is vulnerable to such an injury because of its super-
ficial position and its relative immobility, as it is fixed by 
multiple branches, periadventitial connective tissue, and the 
femoral sheath.

Other arteries of the lower limb may be injured by a direct 
contact (e.g., being kicked during a football or baseball 
match by another player or by other competitor in the sport 
of Tae Kwon Do) [28, 51].

a b

c d

Fig. 2 (a) Preoperative CT axial view showing a popliteal artery aneu-
rysm and its sizing in a 32-year-old oarsmen previously diagnosed with 
popliteal entrapment syndrome. (b) Sagittal CT-reconstruction of popliteal 

artery aneurysm. (c) Intraoperative picture. Popliteal artery with aneurysm. 
Above the wound a segment of harvested saphenous vein prepared for 
 by-pass. (d) The same patient after excision of aneurysm and vein grafting



Vascular Problems in Athletes 1061

Vertebral Artery Dissections

Although vertebral artery dissection (VAD) is a very rare con-
dition, it may result in very serious consequences. Most 
patients are young and healthy without predisposing risk fac-
tors for cerebrovascular disease. Various case reports have 
described VAS after sports-related trauma (American football, 
golf, yoga, tennis, volleyball, judo, wrestling, archery, horse 
riding) [10, 33, 40, 43]. Some athletes sustain direct trauma 
and others repetitive  cervical movements. The diversity of this 
condition brings difficulties in making a proper diagnosis, par-
ticularly in case of an athlete injured on a sports field (Fig. 3).

The vertebral artery is vulnerable to mechanical damage due 
to its relationship with immobilizing structures. Compression, 

dissection, and occlusion of the vertebral artery occur usually at 
the junction of C1 to C2. When the head is rotated the contralat-
eral atlantoaxial joint moves forward and downward asymmet-
rically. Therefore, the contralateral vertebral artery is prone to 
injury by either direct contusion or stretching between its points 
of fixation at the level of C1 and C2 junction. Occlusion less 
 commonly occurs as the vertebral artery enters the C6 trans-
verse  foramen [34, 40, 50].

Clinically, the reported cases demonstrate a wide variety 
of deficits. The most common initial symptoms include cer-
vical pain and/or occipital headaches, which may precede 
the onset of other neurologic symptoms from seconds to 
several days or even longer. What is more is that the tran-
sient dizziness, double vision, or vomiting indicative of 

b c

a

Fig. 3 (a) Volume rendering CT reconstruc-
tion, a view from the posterior side. 
Post-traumatic pseudoaneurysm of the right 
ICA. (b) Diagnostic selective angiography 
shows post-traumatic pseudoaneurysm of 
the right internal carotid artery (ICA) in a 
26-year-old wrestler. The first symptom of 
arterial injury was loss of consciousness 
and transient left upper limb paresis.  
(c) Digital subtraction angiography after 
Viabahn stent-graft implantation into the 
right ICA shows complete exclusion of 
post-traumatic pseudoaneurysm
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vertebral dissection and cerebellar compromise could easily 
be overlooked by the patient. Other complaints include 
diplopia, dysarthria, ear pain, and maxillary pain, dysmetria, 
ataxia, dysphagia, vertigo, nystagmus, ipsilateral Horner 
syndrome, and crossed sensory deficits individually or in 
various combinations. Symptoms may also be related to ver-
tebral dissection due to emboli from the vertebrobasilar sys-
tem. The most dramatic scenario is that of sudden death 
from subdural or subarachnoid hemorrhage due to vertebral 
artery dissection (VAD) and its rupture [43].

Contrast angiography remains the gold standard for diag-
nosis of VAD. Luminal irregularities, the “string sign,” pseudo-
aneurysms, intimal flaps, and occlusion of distal branches can 
be easily observed. Duplex ultrasonography combined with 
transcranial and extracranial Dop pler  techniques, as well as 
MRA and MRI, may also be  useful [40].

Most patients with spontaneous dissection, however, 
receive early treatment with heparin followed with prolonged 
anticoagulation with outcomes ranging from full recovery to 
death. Maintaining good overall condition and concentrating 
on proper technique, particularly allowing for natural neck 
and body movement and head drift during backswing and 
drive may also help prevent the injury.

Vascular Complications of Chronic 
Anabolic Steroids Abuse

The abuse of anabolic steroid is a growing problem, particu-
larly among young athletes and bodybuilders. Despite easy 
access to these drugs, little or no warning of potentially fatal 
adverse effects is usually given. Increased thrombogenicity 
and acute embolism are well recognized complications of 
chronic anabolic steroid abuse. The mechanisms by which 
they contribute to arterial thrombosis or premature cardio-
vascular disease are unclear. There is evidence that they can 
enhance platelet aggregation by increasing platelet produc-
tion of thromboxane A2 and/or decreasing platelet produc-
tion of prostaglandin I2. Serious cardiovascular complications 
include systemic arterial thrombosis leading to acute isch-
emic legs, brain injury, myocardial infarction, ventricular 
arrhythmia, and congestive heart failure [2, 17, 18].
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Deep Vein Thrombosis in Athletes:  
Prevention and Treatment

Faik Altınta  and Ça atay Uluçay 

Deep vein thrombosis (DVT) can be seen in almost all races 
and age groups. Although many of the risk factors have been 
identified and several agents are currently used in its man-
agement and prevention, still it is not possible to predict 
accurately its development, symptoms, and progression to 
pulmonary embolism (PE) in a particular setting. In general, 
the incidence of DVT is 1.6 cases in 1,000 population [40]. 
Every year, at least 100,000 individuals die of DVT and PE 
in the USA [44]. Deep vein thrombosis would not only totally 
prevent active sportive activities at its acute phase and in case 
of pulmonary embolism, it may prevent sportive activities in 
the future due to post-thrombotic syndrome as well.

Definitions and Risk Factors

DVT is defined as the development of thrombus in the veins 
of upper or lower extremities due to various reasons. 
Coagulation cascade is described in (Fig. 1) Thrombus results 
in pain, swelling, increase in diameter, warmth, and difficulty 
in movement in the affected extremities. Although it is most 
common in calf veins, it may develop more proximally. 
Thrombus in subclavian vein can be seen in patients with tho-
racic outlet syndrome (Paget-von Schrotter Syndrome).

Pulmonary embolism is the obstruction of pulmonary 
vein or its branches, which may occur in one-third of patients 
with DVT and is usually asymptomatic [32]. When symp-
tomatic, pulmonary embolism is characterized by a sudden 
chest pain, cough, dyspnea, hemoptysis, and cyanosis. If pul-
monary embolism is left untreated, it is associated with a 
mortality rate as high as 26% [6].

Post-thrombotic syndrome (PTS) is characterized by per-
sistent venous insufficiency and irreversible impairment of 
valvular function, which may develop after DVT. This perma-
nent valvular impairment caused by the thrombus results in 
the pooling of blood at lower extremities. Swelling, warmth, 
pain, itching, purpura, skin ulcers, and recurrent attacks of 
cellulitis due to skin problems are the symptoms seen in the 
involved extremity. Among patients experiencing symptom-
atic DVT, 20–50% develop PTS in 1–2 years, and 10% of 
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these are associated with venous ulcers [31].Known risk fac-
tors for the development of DVT are given in Table 1.

At a first glance, DVT is a complication usually occurring 
after hip fractures of the elderly or surgery for total joint 
replacement or spinal stenosis and mostly affecting elderly 
and bedridden patients. On the other hand, the frequency of 
this condition is quite high among athletes and professional 
sport players [38].

Trauma, a risk factor for DVT, is quite common during 
training sessions and competitions. It leads to the impair-
ment of the vessel walls and blood circulation in the affected 
extremity. In addition, bed rest and limited mobility follow-
ing trauma further increase stasis and predispose to the 
development of DVT [5, 51].

Immobilization, in particular, is among the important risk 
factors for professional sport players. In addition to the 
immobilization periods due to trauma and tissue injuries, fre-
quent travels on a plane, bus, or car further increases the risk 
[4, 51]. Prolonged air travels not only cause DVT but also 
they are associated with an increased risk of PE [34]. Blood 
circulation slows down during long periods in sitting posi-
tion. In addition, individuals taking part in strenuous sportive 
activities have lower heart rate compared to normal individu-
als, thus stasis is more pronounced in these individuals. 
During air travels following a competition, both dehydration 
and muscular intake of glycogen contributes to the decrease 
in blood viscosity. These also increase the risk of DVT. 
Therefore, many professional teams take certain precautions 
when traveling long distances for a tournament or a match. 
Even sleeping over an arm after strenuous exercise or a 

competition may result in subclavian vein thrombosis (Paget-
von Schrotter Syndrome) [29].

Table 1 Known risk factors for venous thromboembolism [19]

Surgery

Trauma (major or lower extremity)

Immobility, paresis

Malignancy

Cancer therapy (hormonal, chemotherapy, or radiotherapy)

Previous venous thromboembolic disease

Advanced age

Pregnancy and the postpartum period

Estrogen-containing oral contraceptive agents or hormone 
replacement therapy

Selective estrogen receptor modulators

Acute medical illness

Heart or respiratory failure

Inflammatory bowel disease

Nephrotic syndrome

Myeloproliferative disorders

Paroxysmal nocturnal hemoglobinuria

Obesity

Smoking

Varicose veins

Central venous catheterization

Inherited or acquired thrombophilia

Familial hypercoagulopathy

EXTRINSIC

INTRINSICTissue injury

Tissue Factors

VIII VIIIa

VIIa

IIa

Prothrombin(Factor II)

Fibrinogen Fibrin I

Fibrin II

Cross-linked fibrin

Thrombin (Factor IIa)

IIa

IIa

VaV

Xa

XIII XIIIa

VII

XII

XI

IX

XIIa

XIa

IXa

X

Fig. 1 Coagulation cascade
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Previous thromboembolism increases the risk of recurrent 
DVT [2]. In athletes regularly taking part in strenuous sport-
ive activities, DVT may be confused with many diseases and 
traumatic conditions. The doctor of teams of athletes and 
sports players should be alerted for any complaint of extrem-
ity swelling, warmth, pain, and even dyspnea. Previous his-
tory of these symptoms and possibility of misdiagnosis in the 
past should be inquired.

Advanced age is a risk factor for DVT [3]. In normal pop-
ulation, 80% of DVT patients are over 40 years of age [51]. 
Although advanced age is not common among professional 
players, tennis and golf tournaments are occasionally orga-
nized for individuals at 70–80 years of age. Since life expec-
tancy is on the rise in many countries, an increased frequency 
of DVT or PE is anticipated due to individuals performing 
sportive activities at an advanced age [15].

Oral contraceptives and hormonal medications are fre-
quently used by female athletes to modify their menstrual 
cycles according to the predefined dates of competitions. 
These medications, in general, increase the risk of DVT [14]. 
Anabolic steroids taken for doping purposes may lead to 
DVT and PE, particularly in athletes with a genetic tendency 
[15, 35, 55]. In addition, the illegal use of erythropoietin and 
blood transfusions in an attempt to enhance performance 
would predispose to thrombus development by decreasing 
blood viscosity.

Heart failure is an important risk factor for DVT, particu-
larly in patients with a low ejection fraction [26]. Heart fail-
ure is one of the least common conditions among athletes. 
However, athletes taking part in sportive activities requiring 
extraordinary strength such as iron men competitions, pen-
tathlon and decathlon events have a heart rate as slow as 
40–50 beats per minute and these athletes may achieve the 
same performance with lower venous flow compared to nor-
mal individuals [33].

Obesity is an issue particularly in players taking part in 
shot put or contact sports and is frequently associated with 
DVT [58]. The risk is particularly increased in players with 
hyperhomocysteinemia [15].

Although athletes should not smoke, today some players 
have this habit. In addition to the established risks for cancer 
and pulmonary disease, smoking is also associated with an 
increased risk for DVT. When it is combined with oral con-
traceptive use, DVT risk is further increased [15]. Never-
theless, currently, smoking is considered as a weak risk factor 
for the development of DVT [7].

Presence of varicose veins in lower extremities, particularly 
when they are associated with impaired valvular function, 
increases the risk of DVT. Lower extremity varicose veins were 
found in 14% of athletes [37]. This risk is particularly increased 
in tall athletes [45–47]. Currently, presence of varicose veins is 
considered as a weak risk factor like smoking [7].

Thrombophilia may be hereditary or in association with 
various conditions. The number of circulating thrombocytes 

is known to increase following exercise [39]. A previous 
study showed a 20% mean increase in thrombocyte count 
after exercise [49]. When thrombophilia is combined with 
oral contraceptive use, DVT risk is further increased [14].

Familial hypercoagulability history of athletes is usually 
known by their families or has been recognized by previ-
ously performed genetic tests. Nevertheless, the team doctor 
should bear in mind that some players might not have 
 previous tests or diagnostic work-up for these conditions, 
particularly when they come from different countries. In 
addition, the increased tendency for hypercoagulability due 
to increased thrombocyte count, decreased activated partial 
thromboplastin time (aPTT), and increased factor VII activ-
ity following exercise should not be ignored [49]. Although 
it can be seen in all races, it is more frequent in blacks [59]. 
In addition, trauma during exercise may predispose to the 
development of DVT immediately after exercise. Most fre-
quent disorders in the order of tendency for DVT develop-
ment are as follows: factor V Leiden and prothrombin gene 
mutations, antithrombin protein C or S deficiency, increased 
factor VIII, factor V Leiden heterozygous mutations, and 
increased levels of factor VII, factor IX, and factor XI [36]. 
Hematological analyses of elite players found similar fre-
quencies of hypercoagulopathies with general population 
[22]. Therefore, all elite professional players may have a 
genetic tendency for DVT.

There are several other risk factors more frequently seen 
in athletes [1, 15, 18, 22, 25, 27, 54, 56]. In general, DVT 
risk is 85% greater among athletes when compared to normal 
population [12]. Risk factors specific to the athletes are given 
in Table 2.

Table 2 Risk factors specific to the athletes for the development of 
DVT

Traveling long distances to and from a sports competition (by plane, 
bus, or car)

Dehydration (during and after a strenuous sporting event)

Exposure to cold weather

Significant trauma

Immobilization (with brace or cast)

Bone fracture or major surgery

Birth control pills and patch, pregnancy, hormone replacement 
therapy

Family history of DVT or PE

Presence of an inherited or acquired clotting disorder (factor V 
Leiden, prothrombin III mutation, antiphospholipid antibodies,  
and others)

Presence of a congenital abnormality of the anatomy of the veins

May-Thurner syndrome (narrowing of the major left pelvic vein)

Narrowing or absence of the inferior vena cava

Cervical rib or muscular hypertrophy causing thoracic outlet 
obstruction

Misdiagnosis of DVT as a muscular strain or distortion
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Diagnosis

Due to frequent exercises and competitions, injuries of the 
musculoskeletal system are frequent among athletes and elite 
players. The player, the coach, and the team doctor are all 
familiar with complaints of pain and swelling in the extremi-
ties. In addition, pain threshold of elite players are generally 
higher when compared to normal population. Therefore, a 
sufficient knowledge on DVT is necessary to establish the 
diagnosis in athletes. DVT should be considered in the dif-
ferential diagnosis of musculoskeletal and vascular condi-
tions, particularly in the lower extremities [42].

Suspicion is of importance to establish the diagnosis. 
Although physical examination findings vary, DVT of calf 
veins are usually asymptomatic [24]. Redness, swelling, 
pain, inability to move the affected extremity, Homan sign 
(calf pain on dorsiflexion of the foot), and Pratt’s sign (pain 
on squeezing the calf) are among the most frequent symp-
toms and signs.

Although invasive, venography still represents the gold 
standard to establish the diagnosis [13]. Accuracy rate of 
venography is found to be 97% and 70% for leg veins and 
iliac veins, respectively [20]. However, venography is not 
suitable in 10% of the patients due to various reasons and the 
procedure itself causes DVT in 1% of the cases [28]. In addi-
tion, it is associated with a fatal anaphylaxis risk of 1/55,000 
due to the contrast agent [11]. Doppler ultrasonography is 
currently the most frequently used imaging method. Opinions 
on the use of Doppler in the diagnosis of DVT are controver-
sial. In general, sensitivity of Doppler in the diagnosis of 
proximal and distal DVT is 96% and 44% (at 95% confi-
dence interval), respectively; and the mean specificity for 
DVT is 93% [20]. The corresponding figures for Duplex 
ultrasonography are 97%, 71%, and 94%, respectively. 
Currently, Doppler ultrasonography is the most commonly 
used diagnostic tool since it is transportable and inexpensive, 
it can be performed at the bedside, many specialists know 
how to use the instrument, and it has acceptable sensitivity 
and specificity. Ongoing studies are currently investigating a 
novel method, magnetic resonance direct thrombus imaging 
(MRDTI). For this imaging method, available results indi-
cate mean sensitivity and specificity of 95% and 91%, 
respectively [17, 61].

Plasma d-Dimer level is the most common hematological 
tool used for the diagnosis of DVT. d-Dimer is a small pro-
tein fragment that remains after fibrinolysis following the 
formation of thrombus. It is also called a fibrin degradation 
product. The sensitivity and specificity of high d-Dimer 
 levels in diagnosing thrombosis is 93–95% and 50%, respec-
tively [53]. However, it should be borne in mind that d-Dimer 
levels may also increase at early postoperative period and 
in inflammatory arthritis conditions such as rheumatoid 
arthritis.

A currently popular method is the combined use of risk 
factors, physical examination findings, and d-Dimer test in 
the diagnosis. This method includes the use of Wells scoring 
system (Table 3) to establish a presumed diagnosis of DVT 
through scoring risk factors and physical examination find-
ings [52, 60].

A total score equal to or greater than 2 strongly suggests 
the diagnosis of DVT. If the score is below 2, then presump-
tive diagnosis should be changed. If two legs are symptom-
atic, the scoring is applied for the most symptomatic leg.

Currently, combined use of Wells scoring and plasma 
d-Dimer levels are the most common initial diagnostic 
method. Based on current evidence, this method is used for 
the identification of the need for further advanced diagnostic 
methods to establish a definite diagnosis of DVT. This 
method is both inexpensive and reliable in terms of DVT 
diagnosis [60].

Although they are not currently used in routine practice, 
tests for antithrombin III, protein C and S levels and func-
tion, antiphospholipid antibodies, and factor V Leiden muta-
tions are candidates that will be probably incorporated into 
annual check-up procedures of players, owing to their rela-
tively low cost.

PE is usually results from the obstruction of pulmonary 
artery and/or its branches by a venous thrombus. This condi-
tion is associated with dyspnea, tachycardia, hemoptysis, 
chest pain, shock, circulatory failure, and sudden death. The 
condition may be confused with bronchial asthma and con-
gestive heart failure, in chronic cases or if the size of the 
emboli is relatively small.

The diagnosis is usually supported by high plasma 
d-Dimer levels. Conventional pulmonary angiography repre-
sents the gold standard for the diagnosis. Since it is an inva-
sive test, computerized pulmonary angiography is more 
commonly preferred. The sensitivity and specificity of multi-
detector CT in the diagnosis of pulmonary embolism was 

Table 3 Wells scoring system in DVT [52]

Clinical finding Score

Active cancer 1

Immobilization, stroke, paralysis, or casting 1

Bed rest longer than 3 days, or major surgery with 
general or regional anesthesia within the last 12 weeks

1

Tenderness over deep venous system 1

Swelling of the whole leg 1

More than 3 cm leg swelling vs. opposite leg  
(as measured 10 cm below tibial tubercle)

1

Pitting leg edema 1

Presence of non-varicose superficial collaterals 1

Previous history of venous thromboembolism 1

Presumptive diagnosis of at least one other condition  
as credible as a diagnosis of DVT

2
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found to be 83% and 96%, respectively [57]. Although it is 
less sensitive than CT, ventilation/perfusion scintigraphy is 
used in patients with allergy against contrast agents and in 
pregnant women. Direct X-rays mostly do not give an idea 
about pulmonary embolism. Sinus tachycardia, right axis 
deviation, right bundle branch block, and occasionally the 
findings of sudden cor pulmonale are found in electrocardi-
ography. Rarely, the classical S1Q3T3 sign characterized by 
a wide S wave in lead 1, wide Q wave in lead 3, and inverted 
T wave in lead 3 is found.

Prevention

Although it depends on the type of the sportive activity per-
formed, active professional sports life of elite players and 
athletes are approximately 15 years. They try to guarantee 
their remaining life during their active period, both in finan-
cial and social terms, thus they try to involve in as many 
competitions as they can. However, returning of athletes to 
sportive activities takes about 6 weeks after the development 
of DVT. This inactive period results in dramatic decrease in 
performance, particularly in players involved in endurance 
sports, short distance runners, and high jumpers. In addition, 
PTS that develops in 20–50% of the cases may preclude the 
return to sports activities for years or even indefinitely [50]. 
Pulmonary embolism may even risk the life of the player 
[16]. Therefore, measures for the prevention are of utmost 
importance. First, the abovementioned risk factors should be 
avoided. Table 4 depicts some preventive measures specific 

for athletes. Although controversial, the use of single dose 
low molecular weight heparin (LMWH) during periods of 
immobility/injury, use of leg pumps and compression stock-
ings during prolonged travels, and avoidance of hemocon-
centration during exercise and competition are recommended 
for athletes with familial hypercoagulability disorders [15, 22]. 
Although acetyl salicylic acid is recommended for normal 
athletes and LMWH may be used for athletes with risk fac-
tors during prolonged travels but use of these agents may be 
associated with serious hemorrhagic problems due to minor 
trauma during competition [15, 38]. Another controversial 
issue is the use of chemical prophylaxis during knee, ankle, 
and hip arthroscopies, which are quite commonly performed 
in athletes. The incidence of DVT after arthroscopies per-
formed without chemical prophylaxis was found to be 
between 3.1% and 17.9%. After venography examination, 
proximal DVT developed in 2.1% of the cases [30]. Although 
neither a definite protocol nor a consensus currently exists, 
7–10 days of LMWH prophylaxis is recommended after the 
operation in high-risk patients [10, 19]. At present, there is 
lack of evidence from large studies on the use of aspirin or 
warfarin. Prophylaxis for DVT is recommended after shoul-
der arthroscopy in high-risk patients [21, 43]. On the other 
hand, early immobilization and rapid rehabilitation after the 
procedure is of utmost importance [41, 62].

The eighth guidelines of The American College of Chest 
Physicians (ACCP) published in 2008 do not recommend the 
use of routine chemical prophylaxis in addition to early 
mobilization after knee arthroscopy, unless the patients have 
risk factors for DVT (Evidence 2B). But these guidelines 
recommend chemical prophylaxis by LMWH if a risk factor 
is present or a more complicated surgical intervention is per-
formed (Evidence 1B) [23].

Treatment

Although the main objective is to prevent the development of 
DVT, occasionally clinically evident DVT or PE occurs. The 
development of DVT would affect the sports career and psy-
chological well-being of professional players. LMWH, 
fondaparinux, warfarin, and according to some authors acetyl 
salicylic acid are used in the medical treatment of DVT. In 
addition, early mobilization, compressive stockings, and in 
very high-risk patients vena cava filters are used in the man-
agement of this condition. After the diagnosis of DVT, 
LMWH treatment is initiated and warfarin is added either at 
the same time or after a while. Doses are adjusted based on 
body mass index. At least 5 days of combined treatment is 
given, and after obtaining The International Normalized 
Ratio (INR) values between 2.0 and 3.0 for 2 consecutive 
days LMWH is discontinued. Warfarin is given for at least 

Table 4 Recommendations to prevent DVT in athletes

Take breaks and stretch legs, make ankle flexion and extension 
when traveling long distances

Sit at the aisle side during prolonged air travels to be able to extend 
and move the legs

Be prepared to the hazards that may be associated with drugs used 
to increase performance and oral contraceptives

Seek medical attention for every pain and swelling in the legs

Try to keep extremities warm

Have drainage massage after prolonged travels

Stay well hydrated (during and after a sporting event or travel);

Be aware of the symptoms of DVT and PE

Be aware that DVT and PE can occur also in athletes

Know the risk factors for blood clots

Do not cross your legs during long periods of sitting

Know whether you have a family history of blood clots or not

Use accessories or devices that do not put pressure on the 
extremities

In case of major surgery, trauma, prolonged immobility, or when 
in a cast, always do mechanical and/or pharmacological prophylaxis
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3 months (may be extended to 1 year) and the dose is adjusted 
so that the INR values are kept between 2.0 and 3.0 [8–10]. 
Lysis or removal of the thrombus without injuring the valves 
at an early period in attempt to prevent the development of 
PTS after DVT is currently under investigation [48]. 
Encouraging results have been obtained by a treatment pro-
tocol consisting of accelerated rehabilitation combined with 
intravenous heparin plus warfarin in which the patients were 
able to return to running activities within 3 weeks [50].

Conclusion

DVT and PE may be seen in athletes actively taking part in 
sportive activities, traveling, exposing to sportive trauma, or 
undergoing surgery for any reason, even at a relatively young 
age. Immobilization is also a risk factor for this group.  
In suspected cases, all risk factors should be evaluated and 
the physician should consider the possibility of venous 
thromboembolism, and every effort should be made to avoid 
this condition. A careful physical examination, early diagno-
sis, and appropriate management are of utmost importance 
for favorable outcomes.

References

 1. Ali, M.S., Kutty, M.S., Corea, J.R.: Deep vein thrombosis in a jog-
ger. Am. J. Sports Med. 12, 169 (1984)

 2. Altintas, F.: Thromboembolism in hip and knee arthroplasties. Acta 
Orthop. Traumatol. Turc. 34, 100–109 (2000)

 3. Altintas, F., Gurbuz, H., Erdemli, B., Atilla, B., Ustaoglu, R.G., 
Ozic, U., et al.: Venous thromboembolism prophylaxis in major 
orthopaedic surgery: a multicenter, prospective, observational study. 
Acta Orthop. Traumatol. Turc. 42, 322–327 (2008)

 4. Arfvidsson, B., Eklof, B., Kistner, R.L., Ogawa, T., Parsi, K.: A pro-
spective evaluation of the risk for venous leg thrombosis associated 
with prolonged air travel: a pilot study. Cardiovasc. Surg. 9, 455–
457 (2001)

 5. Arko, F.R., Harris, E.J., Zarins, C.K., Olcott, C.: Vascular compli-
cations in high-performance athletes. J. Vasc. Surg. 33, 935–942 
(2001)

 6. Barritt, D.W., Jordan, S.C.: Anticoagulant drugs in the treatment of 
pulmonary embolism. a controlled trial. Lancet 1, 1309–1312 
(1960)

 7. Beksac, B., Gonzalez Della Valle, A., Salvati, E.A.: Thromboembolic 
disease after total hip arthroplasty: who is at risk? Clin. Orthop. 
Relat. Res. 453, 211–224 (2006)

 8. Buller, H.R., Agnelli, G., Hull, R.D., Hyers, T.M., Prins, M.H., 
Raskob, G.E.: Antithrombotic therapy for venous thromboembolic 
disease: the Seventh ACCP Conference on Antithrombotic and 
Thrombolytic Therapy. Chest 126, 401S–428S (2004)

 9. Buller, H.R., Sohne, M., Middeldorp, S.: Treatment of venous 
thromboembolism. J. Thromb. Haemost. 3, 1554–1560 (2005)

10. Bushnell, B.D., Horton, J.K., McDonald, M.F., Robertson, P.G.: 
Perioperative medical comorbidities in the orthopaedic patient. J. 
Am. Acad. Orthop. Surg. 16, 216–227 (2008)

11. Cashman, J.D., McCredie, J., Henry, D.A.: Intravenous contrast 
media: use and associated mortality. Med. J. Aust. 155, 618–623 
(1991)

12. Collins, J.: Thromboembolic disease related to air travel: what you 
need to know. Semin. Roentgenol. 40, 1–2 (2005)

13. de Valois, J.C., van Schaik, C.C., Verzijlbergen, F., van Ramshorst, 
B., Eikelboom, B.C., Meuwissen, O.J.: Contrast venography: from 
gold standard to ‘golden backup’ in clinically suspected deep vein 
thrombosis. Eur. J. Radiol. 11, 131–137 (1990)

14. Dulicek, P., Maly, J., Pecka, M., Beranek, M., Cermakova, E., Maly, 
R.: Venous thromboembolism in young female while on oral con-
traceptives: high frequency of inherited thrombophilia and analysis 
of thrombotic events in 400 Czech women. Clin. Appl. Thromb. 
Hemost. 15, 567–573 (2009)

15. Echlin, P.S., Upshur, R.E., McKeag, D.B., Jayatilake, H.P.: 
Traumatic deep vein thrombosis in a soccer player: a case study. 
Thromb. J. 2, 8 (2004)

16. Fink, M.L., Stoneman, P.D.: Deep vein thrombosis in an athletic 
military cadet. J. Orthop. Sports Phys. Ther. 36, 686–697 (2006)

17. Fraser, D.G., Moody, A.R., Morgan, P.S., Martel, A.L., Davidson, 
I.: Diagnosis of lower-limb deep venous thrombosis: a prospective 
blinded study of magnetic resonance direct thrombus imaging. Ann. 
Intern. Med. 136, 89–98 (2002)

18. Fremont, B., Pacouret, G., De Labriolle, A., Magdelaine, B., Puglisi, 
R., Charbonnier, B.: Exercise deep venous thrombosis: myth or 
reality? About three cases of pulmonary embolism in long-distance 
runners. Arch. Mal. Coeur Vaiss. 100, 519–523 (2007)

19. Geerts, W.H., Pineo, G.F., Heit, J.A., Bergqvist, D., Lassen, M.R., 
Colwell, C.W., et al.: Prevention of venous thromboembolism: the 
Seventh ACCP Conference on Antithrombotic and Thrombolytic 
Therapy. Chest 126, 338S–400S (2004)

20. Goodacre, S., Sampson, F., Thomas, S., van Beek, E., Sutton, A.: 
Systematic review and meta-analysis of the diagnostic accuracy of 
ultrasonography for deep vein thrombosis. BMC Med. Imaging 5, 6 
(2005)

21. Hariri, A., Nourissat, G., Dumontier, C., Doursounian, L.: 
Pulmonary embolism following thrombosis of the brachial vein 
after shoulder arthroscopy. a case report. Rev. Chir. Orthop. 
Reparatrice Appar. Mot. 95, 377–379 (2009)

22. Hilberg, T., Jeschke, D., Gabriel, H.H.: Hereditary thrombophilia in 
elite athletes. Med. Sci. Sports Exerc. 34, 218–221 (2002)

23. Hirsh, J., Guyatt, G., Albers, G.W., Harrington, R., Schunemann, 
H.J.: Executive summary: American College of Chest Physicians 
Evidence-Based Clinical Practice Guidelines (8th Edition). Chest 
133, 71S–109S (2008)

24. Hirsh, J., Hoak, J.: Management of deep vein thrombosis and pul-
monary embolism. A statement for healthcare professionals. 
Council on Thrombosis (in consultation with the Council on 
Cardiovascular Radiology), American Heart Association. 
Circulation 93, 2212–2245 (1996)

25. Holzheimer, R.G., Stautner-Bruckmann, C.: Calf pain in runners 
may be caused by venous insufficiency. Eur. J. Med. Res. 13, 218–
220 (2008)

26. Howell, M.D., Geraci, J.M., Knowlton, A.A.: Congestive heart 
 failure and outpatient risk of venous thromboembolism: a retro-
spective, case-control study. J. Clin. Epidemiol. 54, 810–816 
(2001)

27. Hughes, D.G., Dixon, P.M.: Pool players’ thrombosis. Br. Med. J. 
(Clin. Res. Ed.) 295, 1652 (1987)

28. Hull, R., Hirsh, J., Sackett, D.L., Taylor, D.W., Carter, C., Turpie, 
A.G., et al.: Clinical validity of a negative venogram in patients 
with clinically suspected venous thrombosis. Circulation 64, 622–
625 (1981)

29. Hurley, W.L., Comins, S.A., Green, R.M., Canizzaro, J.: Atraumatic 
subclavian vein thrombosis in a collegiate baseball player: a case 
report. J. Athl. Train. 41, 198–200 (2006)



Deep Vein Thrombosis in Athletes: Prevention and Treatment  1071

30. Ilahi, O.A., Reddy, J., Ahmad, I.: Deep venous thrombosis after 
knee arthroscopy: a meta-analysis. Arthroscopy 21, 727–730 
(2005)

31. Kahn, S.R., Ginsberg, J.S.: The post-thrombotic syndrome: current 
knowledge, controversies, and directions for future research. Blood 
Rev. 16, 155–165 (2002)

32. Kearon, C.: Natural history of venous thromboembolism. Circulation 
107, I22–I30 (2003)

33. Kiens, B., Essen-Gustavsson, B., Christensen, N.J., Saltin, B.: 
Skeletal muscle substrate utilization during submaximal exercise in 
man: effect of endurance training. J. Physiol. 469, 459–478 (1993)

34. Lapostolle, F., Surget, V., Borron, S.W., Desmaizieres, M., Sordelet, 
D., Lapandry, C., et al.: Severe pulmonary embolism associated 
with air travel. N. Engl. J. Med. 345, 779–783 (2001)

35. Liljeqvist, S., Hellden, A., Bergman, U., Soderberg, M.: Pulmonary 
embolism associated with the use of anabolic steroids. Eur. J. Intern. 
Med. 19, 214–215 (2008)

36. McCaffrey, R., Bishop, M., Adonis-Rizzo, M., Williamson, E., 
McPherson, M., Cruikshank, A., et al.: Development and testing of 
a DVT risk assessment tool: providing evidence of validity and reli-
ability. Worldviews Evid. Based Nurs. 4, 14–20 (2007)

37. Merlen, J.F., Coget, J.M., Sarteel, A.M.: True or false varicose veins 
in sportsmen? (Result of a survey). Phlebologie 33, 501–506 (1980)

38. Meyering, C., Howard, T.: Hypercoagulability in athletes. Curr. 
Sports Med. Rep. 3, 77–83 (2004)

39. Molz, A.B., Heyduck, B., Lill, H., Spanuth, E., Rocker, L.: The 
effect of different exercise intensities on the fibrinolytic system. 
Eur. J. Appl. Physiol. Occup. Physiol. 67, 298–304 (1993)

40. Nordstrom, M., Lindblad, B., Bergqvist, D., Kjellstrom, T.: A pro-
spective study of the incidence of deep-vein thrombosis within a 
defined urban population. J. Intern. Med. 232, 155–160 (1992)

41. Oger, E., Mottier, D.: Current status of anticoagulants. Presse Méd. 
29, 1079–1082 (2000)

42. Pell, RFt, Khanuja, H.S., Cooley, G.R.: Leg pain in the running 
athlete. J. Am. Acad. Orthop. Surg. 12, 396–404 (2004)

43. Polzhofer, G.K., Petersen, W., Hassenpflug, J.: Thromboembolic 
complication after arthroscopic shoulder surgery. Arthroscopy 19, 
E129–E132 (2003)

44. Rathbun, S.: Cardiology patient pages. The surgeon general’s call to 
action to prevent deep vein thrombosis and pulmonary embolism. 
Circulation 119, e480–e482 (2009)

45. Reinharez, D.: Varices in athletes. Phlebologie 22, 263–269 (1969)
46. Reinharez, D.: Fitness and competitive sports in venous pathology. 

Phlebologie 33, 513–521 (1980)
47. Reinharez, D., Monsonego, J.: Veins and contraception. Contracept 

Fertil. Sex (Paris) 13, 131–136 (1985)
48. Rhodes, J.M., Cho, J.S., Gloviczki, P., Mozes, G., Rolle, R., Miller, 

V.M.: Thrombolysis for experimental deep venous thrombosis 
maintains valvular competence and vasoreactivity. J. Vasc. Surg. 
31, 1193–1205 (2000)

49. Ribeiro, J., Almeida-Dias, A., Ascensao, A., Magalhaes, J., Oliveira, 
A.R., Carlson, J., et al.: Hemostatic response to acute physical exer-
cise in healthy adolescents. J. Sci. Med. Sport 10, 164–169 (2007)

50. Roberts, W.O., Christie Jr., D.M.: Return to training and competi-
tion after deep venous calf thrombosis. Med. Sci. Sports Exerc. 24, 
2–5 (1992)

51. Samama, M.M., Dahl, O.E., Quinlan, D.J., Mismetti, P., Rosencher, 
N.: Quantification of risk factors for venous thromboembolism: 
a preliminary study for the development of a risk assessment tool. 
Haematologica 88, 1410–1421 (2003)

52. Scarvelis, D., Wells, P.S.: Diagnosis and treatment of deep-vein 
thrombosis. CMAJ 175, 1087–1092 (2006)

53. Schrecengost, J.E., LeGallo, R.D., Boyd, J.C., Moons, K.G., 
Gonias, S.L., Rose Jr., C.E., et al.: Comparison of diagnostic accu-
racies in outpatients and hospitalized patients of D-dimer testing for 
the evaluation of suspected pulmonary embolism. Clin. Chem. 49, 
1483–1490 (2003)

54. Shebel, N.D., Marin, A.: Effort thrombosis (Paget-Schroetter syn-
drome) in active young adults: current concepts in diagnosis and 
treatment. J. Vasc. Nurs. 24, 116–126 (2006)

55. Siekierzynska-Czarnecka, A., Polowiec, Z., Kulawinska, M., 
Rowinska-Zakrzewska, E.: Death caused by pulmonary embolism 
in a body builder taking anabolic steroids (metanabol). Wiad. Lek. 
43, 972–975 (1990)

56. Slawski, D.P.: Deep venous thrombosis complicating rupture of the 
medial head of the gastrocnemius muscle. J. Orthop. Trauma 8, 
263–264 (1994)

57. Stein, P.D., Fowler, S.E., Goodman, L.R., Gottschalk, A., Hales, 
C.A., Hull, R.D., et al.: Multidetector computed tomography for 
acute pulmonary embolism. N. Engl. J. Med. 354, 2317–2327 
(2006)

58. Tick, L.W., Kramer, M.H., Rosendaal, F.R., Faber, W.R., Doggen, 
C.J.: Risk factors for post-thrombotic syndrome in patients with a 
first deep venous thrombosis. J. Thromb. Haemost. 6, 2075–2081 
(2008)

59. Tsai, A.W., Cushman, M., Rosamond, W.D., Heckbert, S.R., Polak, 
J.F., Folsom, A.R.: Cardiovascular risk factors and venous throm-
boembolism incidence: the longitudinal investigation of throm-
boembolism etiology. Arch. Intern. Med. 162, 1182–1189 (2002)

60. Wells, P.S., Anderson, D.R., Rodger, M., Forgie, M., Kearon, C., 
Dreyer, J., et al.: Evaluation of D-dimer in the diagnosis of sus-
pected deep-vein thrombosis. N. Engl. J. Med. 349, 1227–1235 
(2003)

61. Westerbeek, R.E., Van Rooden, C.J., Tan, M., Van Gils, A.P., Kok, 
S., De Bats, M.J., et al.: Magnetic resonance direct thrombus imag-
ing of the evolution of acute deep vein thrombosis of the leg. 
J. Thromb. Haemost. 6, 1087–1092 (2008)

62. Zimlich, R.H., Fulbright, B.M., Friedman, R.J.: Current status of 
anticoagulation therapy after total hip and total knee arthroplasty. 
J. Am. Acad. Orthop. Surg. 4, 54–62 (1996)



M.N. Doral et al. (eds.), Sports Injuries,  
DOI: 10.1007/978-3-642-15630-4_142, © Springer-Verlag Berlin Heidelberg 2012

1073

Does Injury Rate Affect a Football Team’s  
Level of Play? Injury Report from Turkey

Mehmet Serdar Binnet, Onur Polat, and Mehmet Armangil 

Football is one of the most popular sports activities in Turkey 
and the active number of players and spectators is increasing 
daily. The ever-increasing number of active players, leading 
in turn to an increasing number of injuries with resultant cost 
of treatment and loss of playing time, demonstrates the need 
for an injury prevention program. Today, football in Turkey, 
as in other countries, is faster and more aggressive and chal-
lenging when compared with past years. To ensure the health 
and safety of professional footballers, every effort must be 
exerted to improve the practices involved in the prevention 
and treatment of injuries. The availability of appropriate 
injury data for professional football in Turkey is essential for 
improvement regarding the prevention and treatment of inju-
ries, which requires a multidisciplinary teamwork in the cur-
rent context. In the path to success, the quality of supportive 
services, such as training programs, medical assistance, 
nutritional issues, etc., provided for teams and players is of 
great importance. Health issues emerge as becoming more 
important than ever in this regard. The path to success largely 
depends on the medical support and preventative measures 
and rehabilitation, which also define the outcome.

A number of methods of injury surveillance have been 
developed and applied, but methodologically sound injury-
reporting systems are rare [19]. The feasibility and quality of 
an injury-reporting system are dependent on the definition 
of injury, the source of the information, the characteristics of 
the injury documentation form, and the availability of expo-
sure data [5]. In an effort to address the problem, UEFA 
(Union of European Football Associations) started a research 
project in 1999 to decrease the number of injuries and 
increase occupational safety for professional football play-
ers. The Medical Committee of UEFA discussed the method-
ological design of the injury-reporting system and several 
systems have since been developed, but none has been widely 
accepted [12]. The aim of this committee was to develop an 
optimal method for descriptive epidemiological studies on 
professional footballers and to develop a football-specific 
injury-reporting system. Preventive measures are based on 
epidemiological research, and the first step in injury preven-
tion is to establish the extent of the injury problem – the inci-
dence, severity, and injury profile of the sport.
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In reviewing the literature on the exposure-related inci-
dence of football injuries, the majority of studies were deter-
mined to focus on adult male professional players. The 
incidence of injury in football is 10–35/1,000 match hours, 
according to a review by Dvorak and Junge, based on epide-
miological studies [5]. The higher the level of play, the 
greater the injury risk during matches, according to the pre-
vious studies [9, 18, 23]. Football injuries seem to be more 
common than injuries in other types of sports, and numerous 
studies have been carried out on this topic [1, 3, 4, 7, 15, 16, 
21, 25, 28]. The highest incidences of injury (35 inju-
ries/1,000 h) were reported for players in the professional 
league of the USA [21] and the national division league of 
Iceland [1], and the lowest incidences (12 injuries/1,000 h) 
were reported for Dutch [18] and Danish [23] low-level play-
ers. The studies done to date have shown that, on average, 
every elite football player incurs approximately one perfor-
mance-limiting injury each year. It can be estimated from the 
data presented that, in every squad of elite players, four to 
eight severe injuries can be expected during the course of 
each season. In other words, between 20% and 25% of the 
squad will be unable to play for more than a month during 
each season due to an injury. Analysis of incidence of injury 
increases with age [18, 26, 29, 33] and it appears that 
17–20-year-old players have similar rates, if not higher, to 
those of adults [18, 20, 26]. During tournaments, the inci-
dence is higher when compared to the course of the season. 
From a survey of 12 international football tournaments with 
players of different sex, age, and skill level, an average inci-
dence of 2.7 injuries per match or 88.7 injuries/1,000 match 
hours was reported [20]. The incidence of injuries that 
resulted in absence from training or a match was 35/1,000 
match hours or approximately one injury per match.

The data and statistics about injuries in football give an 
idea about the extent of the injury problem in that country. 
This database is now an important measure and is the answer 
for commonly asked questions. Our primary aim in this study 
was to capture a “picture” of the injuries in the Turkish pro-
fessional league and to establish a unique and new baseline 
database for comparison purposes and for use in the future in 
order to develop an effective prevention strategy in terms of 
cost and benefit. We believe that the end results will enable 
us to identify what is lacking in the medical aspect of our 
football services, to adapt the relevant training and rehabili-
tation programs, and to adapt these services to the latest pre-
ventative measures to improve the safety of the sport.

Methods

The players in the 2004–2005 Premier and 2005–2006 
Premier and Second Turkish Leagues were included in this 
study. The injury report forms from 2004 to 2006 Turkcell 

Premier and Second Turkish Leagues were collected from 
team physicians. A total of 1,264 players from 42 teams were 
included in the study. Each club selected a contact person 
responsible for completing and sending the study forms to 
the research team. This contact person was the team physi-
cian and was requested to complete these forms after matches 
and return them to the study director. The period of absence 
from training or from the match was calculated from atten-
dance records. The diagnosis was made by physical exami-
nation and not proven by further investigations every time 
because the players were not followed up consistently. For 
the accuracy of the study, the responsible individual was 
asked to attend all matches and training sessions to complete 
the exposure to injury forms. It was decided that the respon-
sible person should be from the medical team. Prior to initia-
tion of the study, an instructional meeting was held in order 
to inform and educate the teams’ physicians regarding the 
nature of the study.

For the UEFA studies, time loss injury definition was used 
for the professional level [12]. The definition of injury used 
in this study was the definition previously used by Ekstrand; 
an injury occurring during a scheduled training session or 
match that caused absence from training or matches [6]. 
Although this definition depends on the frequency of training 
or matches, at the Premier level, players participate daily in 
training or matches. Reinjury is defined as an injury occur-
ring after an initial injury, both of the same type and in the 
same location of the previous injury and occurring within 
2 months of the final rehabilitation day of the previous injury, 
as in the UEFA model. The severity of injury is defined as 
minor if it causes absence from a match or training of less 
than 1 week; moderate for absences of 1 week to 1 month; 
and major for those injuries causing absence from a match or 
training for more than 1 month.

Exposure time is measured as the number of hours of 
exposure for each player in both training and matches, and 
the time is calculated from attendance records. The study 
includes two entire seasons because the injury risk and pat-
tern may vary between seasons [11, 32]. Many teams have 
players participating in a national team and their exposure 
time and injuries in the national team were recorded and 
included in the study.

Individual written informed consent was obtained from 
all participating players in accordance with the Declaration 
of Helsinki and an ethics committee reviewed the study. The 
statistical analysis was made using chi-square and Fisher’s 
exact tests.

Initially, a baseline form, which consists of anthropomet-
ric data and previous medical history including age, weight, 
height, dominant leg and previous injuries, and operations, 
was utilized. A form was used to record attendance and indi-
vidual exposure. This form has a list of the players’ names 
and codes and a column for each training session and match 
as concerns individual participation. The information about 
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injury was recorded on the injury form. The date of the injury, 
whether it occurred during training or match, and the type of 
injury, location, and severity were noted. To develop baseline 
statistics, the contact or noncontact nature of the incident and 
the mechanism of the injury were added.

For all injuries, the part of the body involved, previous 
injuries, the type of the injury (sprain, strain, contusion, 
overuse, and reinjury), nature of the incident (contact, non-
contact) as well as the duration of absence from matches or 
training were documented. The definitions of injury types 
are taken from a study by Hagglund et al. and are given in 
Table 1 [13]. In addition, the total number of minutes that 
players attended matches and training was recorded. The 
injury incidence was calculated as the number of new inju-
ries per 1,000 h of participation, as reported in the litera-
ture [29].

Results

The anthropometric data of the football players involved is 
given in Table 2.

Incidence of Injuries

Twenty-six teams included in the study were from the 
Premier League and the remainders were from the Second 
League. Seven hundred and seventy-nine injuries were 
reported, or equal to 19.8 injuries/1,000 h, including matches 
and training. The number of reinjuries was 104 and of train-
ing injuries were 465. The numbers of injuries when catego-
rized by match and training per 1,000 h were determined as 
17.3 and 21.2, respectively.

Injuries by Location

The most common sites of injury were the thigh and ankle, 
and no statistical difference was determined between the 
Turkcell Premier League and the Second League. The side of 
the body involved was right in 59% and left in 37%. The sites 
of injury are demonstrated in Fig. 1.

Injuries by Diagnosis

Strain was the most common diagnosis in both leagues, and 
sprain was the second most common diagnosis in the Premier 
League, while overuse injuries were the second most com-
mon in the Second League. Thigh strains were the dominant 
injuries among others. The rates and diagnoses are given in 
Fig. 2.

Table 1 Definition of the injuries

Traumatic

Sprain Acute distraction injury of ligaments or joint 
capsules

Strain Acute distraction injury of muscles and tendons

Contusion Tissue bruise without concomitant injuries 
classified elsewhere

Fracture Traumatic break of bone

Dislocation Partial or complete displacement of bony parts of a 
joint

Other Injuries not classified elsewhere (wound, concus-
sion, etc.)

Overuse A pain syndrome of the musculoskeletal system 
with insidious onset and without any known trauma 
or disease that might have given previous symp-
toms (modified from Orava [24])

Table 2 The anthropometric data of the football players

Mean age 25.35 years (18–37)

Mean height 179.52 cm (160.8–196.2)

Mean weight 75.12 kg (58.5–98.3)

Dominant foot 78.58% (right)
19.86% (left)
1.56% (both)

foot ankle lower leg knee thigh groin trunk head,
face,
neck

others

3.34

20.18

5.80

13.01

30.85

12.38

3.84
1.44

9.15

% of injury

Fig. 1 Percentages according to 
sites of injury
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Severity and Circumstances

Nearly half of the injuries were categorized as mild, resulting 
in absences from matches or training of less than 1 week 
(Table 3). When we look at circumstances during matches in 
the Premiere League, contact injuries were higher, while in 
the Second League, noncontact injuries were higher. In both 
leagues, noncontact injuries accounted for the major portion 
of injuries during training (Table 4).

There was a difference between regions according to type 
and severity of injuries. The highest rate of severe injuries was 
recorded in the Black Sea region, with a rate of 9.23%, whereas 
the lowest rate of severe injuries was recorded in Marmara, 
with a rate of 5.88%. The values are given in Tables 3–5.

Discussion

Professional football brings with it competition and difficul-
ties. Increasing match traffic, more passion to win, and 
aggressive tackles are some the factors that increase the rate 
of injuries. In order to prevent injuries and create a basis to 
develop professional football, we believe that this compre-
hensive report of injuries is essential. It seems that many 
countries in Europe, where football has a comparable popu-
larity, are confronted with the same problems [20]. Injuries 
to football players not only threaten their health but can also 
be an economic burden to the individual due to medical 
expenses. The impact of football injuries on the national 
health care and social security requires identification of sub-
groups in the football population at high risk of injuries in 
order to develop an effective prevention strategy in terms of 
cost-benefit [20]. According to the publications of the English 
Health and Safety Executive, in professional football, espe-
cially at the highest level, the financial consequences of inju-
ries to clubs is expected to be proportionately more than in 
industry, as the relative number of injuries in football greatly 
overshadows industrial figures [16].

To ensure the health and safety of our professional foot-
ballers, every effort must be made to further advance the 
practices involved in the prevention of injuries. The collec-
tion of injury data for professional football in Turkey is 
essential before improvements regarding prevention and 
treatment of injuries can be made. Harmonizing methodolo-
gies has enabled studies of injury patterns to be effectively 
interlocked and for valid comparisons to be made. Although 
the definition of injury is not clear, the most accepted criteria 
is absence from training or games followed by need for treat-
ment and diagnosis [18, 19]. In defining a sports injury, it is 
clear that the injury should be the result of participation in 
the relevant sport, but establishing the most appropriate 
threshold for reporting can be somewhat problematic. The 
feasibility and quality of an injury-reporting system are 
dependent on the definition of injury, the source of the infor-
mation, the characteristics of the injury documentation form, 
and the availability of exposure data [5].

We started this in accordance with the suggested UEFA 
injury-report system. This study involves developing and 
implementing an injury-reporting system and analyzing the 
incidence, circumstances, and data because to define preven-
tative measures, understanding the risk factors for injury is 
essential. To render this method more applicable for wide-
spread use, more teams and countries are needed so that the 
risk of injury and changes observed over time can be 
monitored.

When we look at the previous related studies in the litera-
ture, it is clear that the higher the level of play, the greater the 
injury risk during matches [9, 18, 23]. Ekstrand et al. evalu-
ated the Swedish national football team and found an injury 
rate of 30.3/1,000 match hours, which is quite high [10]. In a 
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sprain overuse contusion strain fracture others
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5.71%
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b

Fig. 2 Distribution of diagnoses in (a) Premier and (b) Second 
leagues

Table 3 Regional distribution according to severity of the injuries

Mild (%) Moderate (%) Severe (%)

Overall 69.50 25.53 4.96

Middle Anatolia 46.30 45.44 8.26

Black Sea 49.23 41.54 9.23

Marmara 57.35 36.76 5.88

Table 4 Regional distribution according to contact versus noncontact 
injuries

Overall 
(%)

Middle 
Anatolia 
(%)

Black 
Sea (%)

Marmara 
(%)

Contact 30.72 25.88 31.75 54.55

Noncontact 69.27 74.12 68.25 45.45
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study by Hagglund et al. evaluating the Swedish league and 
comparing the 1982 and 2001 seasons, the injury per 1,000 h 
was 4.6 for training and 20.6 for matches in 1982 and 5.2 and 
25.6 in 2001, showing similar injury rates [13]. The English 
professional football league Hawkins and Fuller (1999) 
reported 3.4 and 25.9 in training and matches, respectively, for 
a total incidence of 8.5 injuries/1,000 h. Regardless of the 
level of play, the risk of injury has been reported to be fairly 
constant, between 2.3 and 7.6 injuries/1,000 training hours 
[1, 8, 9, 11, 15, 23, 27]. In our study, it can be observed that 
the rate of injury for every 1,000 h is 17.3 for matches, which 
is in general close to that of the European leagues. When com-
pared to all other literature regarding football, the rate of inju-
ries in matches surpassed that of the injuries in training. 
However, in contrast, in our study, the rate of injuries for every 
1,000 h was 21.2 in training, which means the injury inci-
dence in training was higher than that reported in the litera-
ture. This is the first time in the literature that the incidence of 
injury in training was determined to be higher than in matches. 
In the process of investigating the reasons for the divergence 
in our results for the football played in our country, an analy-
sis of injury patterns revealed a new topic for debate.

Initially, we warned the instructors who educated the 
coaches on our training systems. Optimum training programs, 
upgrading a player’s heath condition and education about 
injury prevention, and rearranging preventative policies are a 
part of today’s football, so we checked our training habits 
immediately in order to take preventative measures to cope 
with international football. Important conclusions were drawn 
from our injury study, which clearly indicated a need for cor-
rectly designed training programs and a review of entire train-
ing cultures. In the light of these findings, we hope this study 
can play a part in developing our own injury prevention strat-
egy for tomorrow’s football.

Another striking finding in our study is that contrary to 
the literature, the rates of noncontact and muscle injuries 
were significantly higher in our study. When we considered 
the high rate of injury in our training sessions on top of these 
findings, we realized a different conclusion might be drawn. 
When considered regionally, we observed that the rate of 
noncontact injuries in the Mid-Anatolian region was high, at 
74%. Further study into the contributing factors for this result 
determined that the teams in this region were not very suc-
cessful in the preceding two seasons and as a result, the tech-
nical team had to be changed several times in a single season. 

This is a situation that one can observe in European football, 
in which the technical team is held responsible for the failing 
results of the teams regardless of all the other factors involved. 
Furthermore, this situation can be prolonged until the techni-
cal team is changed. Nevertheless, our study verifies that 
these frequent changes of the technical team are in fact not 
beneficial, because muscle injuries were frequent in teams 
that changed their technical team more than once in one sea-
son. Interpretations of this information can take various 
channels, as it could be coherently argued that squad mem-
bers might be tempted to overexert themselves on the train-
ing ground to impress a new coach or, conversely, that the 
new coach often launches a new regime by working the play-
ers harder than his predecessor. This could either be related 
to the footballers’ greater effort to make an impression on the 
technical team or harder training programs and different 
 tactics applied by technical team [30]. Similar observations 
were made in various regions that verify these views. To illus-
trate, the teams in the Marmara region, which have rarely 
experienced changes in their technical team and have had 
stability, are the most powerful teams in the region.

In the present study, the common sites of injury were the 
thigh, ankle, and knee. On the other hand, several authors 
have reported the knee and ankle joints as the dominant 
injury locations [1, 6, 8, 11, 22, 23, 26, 27]. However, in 
Swedish football, injuries to the thigh were most frequent, 
which was also shown in Finnish elite and English profes-
sional football, parallel with our incidence [15, 16, 21, 31]. 
Most of the thigh injuries were strains, and Hawkins and 
Fuller reported that the posterior thigh was mainly affected 
[15, 16]. Strain, regardless of location, constituted 22% of 
total injuries in a study of Swedish football by Walden et al., 
which is in agreement (12–30%) with most of the previous 
similar studies [1, 6, 11, 22, 23, 27, 31], but in English pro-
fessional football, strains have constituted around 40% of all 
injuries [15, 16].

In the literature, ankle injuries seem to be the most com-
mon type of injury in football. In a recent study of our 
national team, ankle sprain incidence was 2/1,000 h of expo-
sure [2]. In this study, ankle sprain accounted for 1.3/1,000 h 
and 13% of all injuries, similar to results from other coun-
tries. Ankle sprains are not severe injuries and absence from 
training is nearly 2 weeks. Beyond its severity, the repetitive 
nature of the injury is a major problem in football. The low 
risk and short rehabilitation period for ankle injuries in this 

Table 5 Regional distribution according to types of injuries

Sprain (%) Overuse (%) Contusion (%) Strain (%) Fracture (%) Dislocation (%) Others (%)

Middle Anatolia 17.54 11.20 1.75 51.10 3.51 – 15.79a

Black Sea 27.14 18.57 18.57 31.43 2.86 1.43 –

Marmara 28.57 27.14 1.43 20.00 5.71 – 17.14b

aUpper respiratory tract infections, dysuria, mechanical back pain, gastritis, bee sting
bDiarrhea, bacterial skin infections, upper respiratory tract infections, eye injuries, plantar finger callus
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study demonstrate that the major teams are well educated 
and prepared for the optimal treatment of this type of injury.

In order to provide information on the significance of 
injuries, the injury severity was reported in terms of the 
length of absence from training sessions and matches. We 
found that nearly 60% of injuries were mild, resulting in 
absences from football of less than 1 week. Comparable val-
ues were seen in a search of the related literature, such as 
60% in Swedish elite football and 67% and 61% in a study 
comparing Danish and Swedish football, respectively [14, 
17]. Hagglund et al. reported 68% and 60% slight or minor 
injuries for 1982 and 2001, respectively, for Swedish elite 
football, causing an absence of 1 week or less [13].

Reinjury was defined as an identical injury within 
2 months of the final rehabilitation day of the previous injury 
[31]. The frequency of reinjuries in the Swedish league was 
22% [31]. Other studies have reported reinjuries as constitut-
ing between 7% and 42% of all injuries [1, 15, 16, 23]. In this 
study, the reinjury rate was 13.3% and similar to the litera-
ture. Champions League reinjuries constituted 15% of all 
injuries, and nearly two-thirds (61%) of them were overuse 
injuries. On the other hand, overuse injuries in English pro-
fessional football has low frequency compared to previous 
reports, but in these studies, periostitis, tendonitis, and bursi-
tis, etc., were classified as separate injury types. In a study by 
Hawkins et al., similar to our study, reinjury showed a sig-
nificantly longer absence period than the initial injury [32]. 
Although reinjury can be considered as a failure of the medi-
cal team, it is not completely true since reinjuries cannot be 
prevented in an atmosphere in which the trainers are forced 
to succeed at all costs and force the players to return to the 
fields as soon as possible.

In conclusion, the players are the keys to success in profes-
sional football. It is well known that injuries negatively affect 
the team’s performance, moral values, results, and financial 
status. This is an objective indication of the decline in the 
quality of the football of the country. The injury report from 
Turkish elite football is very demanding because our study 
sends serious messages to those countries that want to improve 
their football. Although the immediate cause of an injury 
involves a player, the event may arise from failings within the 
football club because the most important element of the cur-
rent football played by either the national team or the football 
clubs is their stability and continuity. As a continuation of our 
study, the injury study that will be conducted in 2 years will 
determine how successful we were in our strategies, and our 
teams’ rate of success in competitions will serve as objective 
proof and will be a further indication of the study’s success.
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Archery-Related Sports Injuries

Volkan Kaynaroğlu and Yusuf Alper Kılıç 

Archery-Related Sports Injuries

Archery is a widely practiced sports discipline having its 
roots in ancient times, and has specific injury patterns of its 
own [17]. The reported archery related sports injuries mostly 
comprise of shoulder and soft tissue injuries caused by repet-
itive draw on the bow. Archery-related accidental penetrat-
ing injuries are quite rare, either due to the strict adherence to 
the security precautions or due to underreporting. Although 
the literature is limited to anecdotal reports, there is a poten-
tial threat of increase in archery-related penetrating injuries, 
treatment of which requires specific precautions and merits 
discussion. This especially becomes important considering 
the increasing popularity of traditional archery in which 
stronger bows with more profound terminal ballistic proper-
ties are used.

Historical Background

Treatment of arrow wounds was actually “a major stimulus 
in the history of surgery” [14]. Hippocrates, Galen, Paulus of 
Aegina, El-Zehravi, Celsus, and Ambroise Pare all com-
mented on treatment of arrow injuries.

The most comprehensive description of arrow injuries is 
present in the fifteenth century Turkish surgery textbook 
Cerrahiyet’ül Haniye written by Şerefeddin Sabuncuoğlu 
[32]. Sabuncuoğlu presented and dedicated this book to 
Sultan Mehmed II the Conquerer by saying “there is nothing 
more exalted than science in that mature and virtuous Han’s 
esteem.” Sultan Mehmed II the Conquerer also merits men-
tion within the context of archery, because he founded 
archery, which has been a traditional sport among Turkish 
nations for thousands of years, as a structured sports disci-
pline for the first time in history. He founded many sports 
arenas dedicated to traditional archery, the most famous 
being “Okmeydanı” meaning “arrow arena.” During this 
period traditional Turkish archery evolved as a discipline for 
which a structured training program and curriculum was 
applied.
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The common use of archery, both as a weapon and as a 
sport instrument, has caused arrow injuries to be one of the 
major mechanisms of penetrating trauma during this period. 
One of the key factors in the success of Seljukian and Ottoman 
armies was the presence of the outstanding cavalry troops 
which were lightly armored and very fast in action. The main 
weapon of these cavalry units was the traditional composite 
Turkish bow, which allowed the horse riding soldier to shoot 
arrows in all directions with a very high hit rate (Fig. 1). 
Because of the extremely powerful properties (80–240 lb) of 
these bows and special arrow-head designs used in traditional 
Turkish archery, effects of arrow injuries are almost compa-
rable to terminal ballistic properties of modern weapons. 
According to the study of Karpowicz, a 620 grain arrow shot 
from a 180 lb Ottoman bow would have the kinetic energy 
of 109 ft pounds, which is much above the limit of 40 ft 
pounds sufficient for a complete pass-through penetration of 
large animals like elk or moose [15]. Shots through 2 in. 
(1 in. = 2.54 cm) of metal, as well as through a 0.5 in. plank at 
100 yards, have been recorded [18]. In a recent experiment, 
the breaking resistance of a Bodkin tipped Turkish arrow on 
a 2 mm thick sheet of iron has been shown to be 420 N/mm2 
(Topçubas¸ı, 2007, personal communication).

Cerrahiyet’ül Haniye presents many explanations related 
to pathophysiology, and the treatment of trauma based on 
cases involving arrow injuries.

In the 94th chapter, Sabuncuo lu describes clinical presen-
tation and treatment of wide range of arrow injuries. The dis-
cussion starts with an emphasis on the type of arrow and arrow 
tip, and especially mentions hooked arrow tips. Then he dis-
cusses the clinical presentations of each organ system injury.

…When the arrow hits the head, and traverses the bone and the 
membrane covering the brain, the major findings are severe 
headache, dizziness, blurred vision, red eyes, anxiety, agitation, 
disorientation, altered mentation, convulsions and bilious vomit-
ing. Even his tongue reddens. Sometimes bloody fluid comes 
through his nostrils or ears. He cannot speak. Sometimes a white 
fluid resembling bouillon or gruel may come from the entrance 
wound….

His ability to describe clinical presentation of penetrating 
head trauma clearly indicates that he had significant experi-
ence in trauma cases and he was a good observer. He dis-
criminates between different levels of mental alterations and 
describes otorrhea and rhinorrhea.

When mentioning thoracal injuries he says “… If the 
entrance wound is close to the left mammary gland and the 
arrow gives the impression that it has hit a solid organ, dark 

blood comes from the wound, the arrow may move in a peri-
odic manner, the patient sweats coldly, his extremities 
become cold, and he loses consciousness….” This is proba-
bly the first detailed description of shock. He resembles the 
movements of arrow to a boiling egg, which gives the idea 
that the mentioned movements are rapid.

He continues by saying “… if the arrow hits the thorax, 
the blood coming from entrance wound becomes foamy, his 
neck veins become distended, he breaths long and requests 
cold air to be able to breathe. The patient’s color changes 
(gets worse). He cannot sleep and he moves his shoulders.” 
The clinical scenario described is the tensile pneumothorax 
with distended neck veins and difficulty in breathing. He also 
describes cyanosis and the use of accessory respiratory 
muscles.

He describes penetrating arrow injuries to the abdomen 
and makes comments on separate organ lacerations like 
stomach (“undigested food coming through the wound”), 
intestine, and bladder.

He recommends not intervening in severe cases which he 
considered as futile, and describes methods for removal of 
arrows. In some complicated cases he recommends waiting 
for a few days to allow the cavity to soften. He also describes 
a method for removal of arrows from bones. The chapter 
includes a drawing of a surgical instrument (“kelbeteyn”) 
that he recommends for removal of arrows (Fig. 2).

He says that “…if there is no arterial or nervous injury 
and if the arrow is not infected, injuries to face, neck, extrem-
ities and back are more easily dealt then the others….” 
Besides his own clinical experience, he gives examples from 
Kitab’ul Cerrahiye (last three volumes of at-Tasfir) meaning 
Textbook of Surgery which was written by El Zehravi 
(Abulcasis) (936–1013).

He describes the removal of retained foreign bodies even 
years after an arrow injury, and mentions a patient who 
developed “swelling in his leg” which has been treated by 
“ointments” before removal of the foreign body.

Penetrating Arrow Injuries

Archery-related penetrating injuries are quite rare. Our 
 current knowledge on penetrating arrow injuries is mostly 
based on the accidental injuries during sports and hunting 

Fig. 1 A traditional Turkish reflex bow Fig. 2 The kelbeteyn, which is recommended in Cerrahiyet’ül Haniye 
for removal of arrows from tissue is actually a clamp having serrations 
at its end



Archery-Related Sports Injuries 1083

activities, self-inflicted cross-bow injuries caused by suicidal 
attempts, and arrow injuries observed in tribal clashes and 
guerrilla warfare. In certain parts of the world, bows and 
arrows are still used as weapons in tribal warfare, especially 
in northern Nigeria, Papua New Guinea, and the Gujarat 
region of India [10, 26]. Hunting accidents seem to happen 
regularly. According to one report, in North America, 
53 hunting accidents from arrows including 8 fatalities were 
recorded by the Department of Fish and Game, State of 
California, between 1994 and 1997 [14]. It is known that 
during World War II approximately 5,000 soldiers were 
killed by arrows fired by special task forces of various armies, 
and arrows were also used in the Vietnam conflict [9, 14].

The extent of penetrating arrow trauma depends on the 
draw weight of the bow, design of the arrow head, the range 
at which the arrow is released and the tissues encountered on 
target. Arrows fired from bows with lower draw weights at 
longer ranges mostly lose their kinetic energy and cause little 
harm. An important exception is the child accidentally 
injured during play. Despite the allegedly harmless design of 
the toys, such accidents may result in considerably severe 
ocular and even transorbital cerebral injuries [2, 6].

In an experimental study Karger et al. have shown that 
penetrating arrow wounds carry a lethal potential [13]. They 
have shown that the mean velocities were 45 and 67 m/s for 
longbow and compound bow, respectively, and the design of 
arrows supports excellent terminal ballistic effects with only 
a small initial decrease in velocity. Body penetration depths 
were substantial, and ranged between 17 to 60 cm, based on 
the velocity and arrowhead design. Arrows easily penetrated 
ribs but were blocked by thick weightbearing bones, from 
which it may be difficult to extract impacted arrowheads. 
It is known that the kinetic energy of an arrow is sufficient to 
penetrate the skull [3]. The penetration mechanism of an 
arrow is distinct from that of a bullet, because of the force 
applied by the extremely sharp cutting edge of the arrow-
head. Because of the sharp force applied by arrows, injury is 
limited to the tissues that are directly incised by the blade of 
the arrowhead. It is important to state that bows used in tra-
ditional archery and hunting have higher draw weights and 
carry even more significant lethal potential.

Due to the elasticity of tissues and the lack of temporary 
cavitation and thumbling, which are terminal ballistic prop-
erties of bullets, pressure exerted by the shaft of the arrow 
can partly tamponade bleeding from surrounding tissues and 
vessels [13]. Attempts of closed removal may result in grave 
bleeding. Before an attempt of removal, trajectory of the 
arrow and potential injuries should be assessed appropriately, 
preferably with computed tomography. The bow must be 
secured against displacement during transport, and paramed-
ics and emergency staff should not try to remove an arrow 
before surgical consultation. If the arrowhead is impacted in 
a bone, arrow should not be manipulated counterclockwise, 
because this maneuver can unhinge the arrow head.

Penetrating arrow injuries to the head are quite rare and 
the majority of these are related to suicide attempts by cross-
bows [3, 11, 20, 21]. An important aspect of these suicide 
attempts is that the arrows, which are usually heavy carbon 
arrows, are fired through the submental region toward the 
head, and traverse through the oral cavity and pharynx, so 
that endotracheal intubation becomes technically challeng-
ing. Awake intubation over a fiberoptic laryngoscope under 
local anesthesia is recommended [11]. Necessary staff and 
equipment for emergency tracheostomy should be readily 
available. The same principles apply to maxillofacial inju-
ries [29]. Patients should be ventilated appropriately, and 
should be given steroids, sedatives, antibiotics, and analge-
sics as needed. The trajectory of the arrow may involve vital 
structures like the thalamus, hypothalamus, circle of Villis, 
and cerebral arteries. Three-dimensional reconstruction of 
dynamic computed tomography images is quite valuable in 
surgical planning [3]. The arrowhead and shaft should be 
extracted surgically. The surgeon must anticipate septic 
complications, postoperative cerebrospinal fluid leaks and 
aneurysms.

Thoracic and abdominal penetrating arrow injuries are 
commonly encountered in tribal clashes and during hunting 
[7, 10, 28, 30]. Life-threatening problems must be dealt with 
immediately, reliable airway and adequate ventilation must 
be assured, and two large bore intravenous lines must be 
opened. Serial assessment of vital signs and circulation is of 
paramount importance in patients with thoracoabdominal 
injuries. Rapid deterioration after endotracheal intubation 
and positive pressure ventilation must alert to the possibility 
of tension pneumothorax or cardiac tamponade. If the patient 
is stable, it is important to perform an enhanced spiral com-
puted tomography to evaluate the relation of the arrow with 
vital structures, and to determine whether any impacted arrow 
fragment is present. Dynamic computed tomography can 
also detect active bleeding by contrast extravasation. Besides 
pneumothorax, hemothorax, and great vessel injuries, more 
severe arrow injuries that transfix the heart and descending 
aorta have been reported [28]. If the exterior segment of the 
arrow shaft is beating rhythmically, a penetrating injury at or 
close to heart or aorta should be anticipated. The arrow must 
be extracted under direct vision to avoid further injury to the 
heart, coronary arteries, great vessels, and tracheobronchial 
tree. Injured lung segments may necessitate wedge resection. 
In abdominal arrow injuries movable structures like bowel 
loops on the trajectory of the arrow are not pushed aside but 
incised. Because of the possibility of occult injuries like ure-
teric injury, a high index of suspicion must be exercised dur-
ing exploration [25]. In cases with high abdominal or low 
thoracal injuries, the surgeon should always consider the pos-
sibility of an accompanying injury in the neighboring cavity. 
Based on general experience with penetrating traumas, lap-
aroscopic and/or thoracoscopic exploration can be helpful in 
equivocal cases that are hemodynamically stable.
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Launikitis has reported one case in which an archer acci-
dentally fired a broken hollow carbon arrow into his left fore-
arm and hand which left the arrow and multiple carbon fibers 
retained in the wound [23]. The authors used a closed irriga-
tion technique, but some argue that considering the difficulty 
of irrigating retained fragments, in such cases it is advisable 
to perform open debridement in an operating room [31].

Musculoskeletal Injuries

Archery is a static sport, which requires strength and endur-
ance of the trunk and upper extremities, and places asym-
metrical loads and forces on the body [16, 19, 27]. The injury 
patterns are closely related to stance of the archer, and the 
technique used during the draw, aiming, and release phases. 
An additional factor is the draw weight of the bow used. 
Bows used in international events have a draw weight of 
45–50 lb (20–23 kg), which can be diminished by 30–35% if 
a compound bow is used. A compound bow is composed of 
a system of cables and off-set pulleys to provide a mechani-
cal advantage to the archer, by which the archer can achieve 
a greater peak drawing force (up to 60 lb (27 kg)) by holding 
only 60–75% of the peak force during aiming [27]. According 
to Mann, during an international event, a male archer draws 
a 40–45 lb bow 75 times a day for 4 days, which imposes a 
tremendous repetitive load (3,400–3,750 lb static load in a 
single day) on the bony, ligamentous, and muscular struc-
tures of the trunk and upper extremities [1, 27]. An average 
number of shoots during training of an elite archer is over 
180 per day [4].

Uniform definition and reporting of archery-related inju-
ries are lacking and differences in reported prevalences are 
present. Additionally, injury patterns may differ based on the 
experience and training load of the archer. Among novice 
archers, abrasions and contusions of the bow-holding fore-
arm are more common. In contrast to minor injuries like 
 finger blisters and bruises, some injuries may lead to inca-
pacitation of the archer either acutely or in the long term, the 
most commonly affected body area being the shoulder of the 
drawing arm.

Chronic injuries commonly present as overuse syndromes, 
either as tendinitis and fatigue of muscles due to repetitive 
concentric and eccentric loading, or as recurrent shoulder 
instability. Prevention, by correction of stance errors and 
strengthening the muscles at risk, is the key factor in the 
management of overuse syndromes. The most important 
injury which may cause loss of performance and permanent 
damage is drawing arm anterior impingement with accompa-
nying tendinitis of the long head of the biceps (LHB) and/or 
supraspinatus [27]. Besides physical exercise, modifications 
in stance and degree of abduction during draw may improve 

the impingement. Additionally, exercises to strengthen rota-
tor cuff muscles can help the humerus to be better depressed 
in the glenoid and minimize trauma incurred by the tendons 
by repetitive draw on the bow [5, 24]. The pericapsular mus-
cles including the serratus anterior, rhomboids, trapezius, 
and latissimus dorsi, are functional in smoothly drawing the 
bow to the full draw position. These muscles must also be 
exercised accordingly.

Considering elbow injuries, over-training is an important 
factor that causes tendon fatigue and tendinitis. Proper warm-
up exercises and the use of a bow with appropriate draw weight 
are recommended to prevent elbow injuries [22]. Epicondylitis 
and epitrocleitis respond to rest and administration of non-
steroidal anti-inflammatory drugs. In severe cases, an immobi-
lizing cast and local corticoid infiltration may be necessary. 
Physiotherapy and rehabilitation are parts of an effective long-
term therapy. Tendinitis involving biceps and triceps tendons 
and hematoma of the forearm from whiplash of the bowstring 
are other injuries affecting the elbow region [22].

Maintaining an appropriate stance is of paramount impor-
tance for successful shooting, which is maintained by iso-
metric contraction of antigravity muscles [19]. Hyperextension 
during the release phase is prevented by the balance of trunk 
extensors and flexors. Excessive leaning back away from the 
target and rotation may be components of poor stance that 
lead to asymmetrical loads placed on the back muscles, espe-
cially the paravertebral muscles. Besides correction of stance, 
stretching exercises and endurance training of the paraverte-
bral and anterior abdominal muscles may be helpful.

Neck pain and stiffness is a common complaint among 
archers. Rotation of the neck is maintained during the draw-
ing, anchoring, releasing, and follow-through phases [19]. 
Some archers try to bring the head to the string rather than 
string to head at full draw. This may cause asymmetrical 
loading of the neck muscles. Passive and active range of 
motion exercises are helpful.

Degenerative changes like rotator cuff tears and interver-
tebral disk degeneration should be considered in differential 
diagnosis in athletes older than 35 years. Lateral epicondyli-
tis, medial elbow tendinopathy, and de Quervain tendinopa-
thy have been described in archers due to repetitive loading 
of wrist extensors and misuse of release mechanisms [22].

Repetitive compression, traction, and friction inflicted on 
peripheral nerves may cause compression neuropathies [8]. 
Median and radial nerve compression syndromes have been 
described. Another important potential nerve injury is caused 
by traction or compression of the long thoracic nerve, which 
may cause winged scapula. Metacarpal fractures in adults and 
epiphyseal injuries during childhood were also reported [8].

Head rotation during aiming may cause stenotic lesions in 
the vertebrobasilar system, which can lead to ischemic 
lesions and stroke. Due to the possibility of bow hunter 
stroke, an archer experiencing dizziness and facial tingling 
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during shooting should immediately end practice and seek 
medical care [8]. Breath holding during full draw and aiming 
increases intrathoracic pressure. Kamiyoshihara et al. have 
reported a case in which an archer presented with chylotho-
rax 20 years after a traffic accident [12]. Chylothorax has 
been attributed to the rupture of the thoracic duct anastomo-
ses due to increased intrathoracic pressure.

Emphasis on Traditional Archery

Although reported data are lacking, the higher drawing forces 
of bows used in traditional archery and the differences in 
draw techniques may cause more significant injuries com-
pared to Olympic archery. Despite the scarcity of reported 
injuries, archery is a discipline which is potentially vulnera-
ble to accidental penetrating injuries, especially within the 
context of increasing popularity of traditional archery, which 
is being practiced under fewer restrictions and rules, and in 
unusual conditions, like horse-riding archery. Additionally, 
bows used in traditional archery have extraordinarily higher 
draw weights and use some arrow-heads specifically designed 
for creating more severe injuries. This is especially true for 
traditional Turkish archery, in which the bows used create 
terminal ballistic properties almost comparable to firearms. 
Compared to the Japanese long bow used in kyudo, which is 
2.21 m long and made of laminated strips of bamboo and 
wood, bows used in traditional Turkish archery are compos-
ite bows 52–59 cm long allowing firing on horseback. The 
draw weight of Turkish bows currently used in traditional 
archery range between 40 lb and 120 lb which is quite high 
compared to other traditional and Olympic bows. The draw 
technique is also different. Instead of the three finger tech-
nique, the draw on the string is performed by thumb, which 
can cause specific orthopedic injuries.
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Cricket-Associated Sports Injuries

Chakra Raj Pandey 

Introduction

Cricket is the most popular sport in commonwealth coun-
tries. Unlike football, cricket is noncontact sport; however, 
it does have a lot of sports-related injuries. Direct blow from 
ball may cause fractures and soft tissue injuries. Collision on 
the boundary fence may predispose players to soft tissue, 
bone, and head injuries [19]. Cricketers also suffer from 
overuse injuries which include running, throwing, batting, 
and bowling. Bowling and batting are the most common 
forms of overuse injuries [15].

Lack of training technique, footwear, surface, rehabilita-
tion program, proper warm-up, and conditioning methods 
are all contributing factors leading to overuse injuries. Cricket 
was once regarded as a leisurely, gentleman’s game. However, 
a solid ball weighing approximately 156 g propelled from 
20 m distance at a speed of about 140 km/h to an awaiting 
batter may not be considered as a gentleman’s leisurely game 
[16]. Cricket balls are notoriously hard and potentially lethal. 
Australian fast bowler Jeff Thompson has a record of bowl-
ing at a speed of 160.45 km/h [16]. Various countermeasures 
like preseason conditioning, pre-participation screening, and 
protective equipment like helmets and visors have led to 
reduction in injuries [16, 20] (Figs. 1 and 2).

Historical Perspective

The earliest history goes back to 1751 when Frederick, the 
Prince of Wales was killed by a strike with a cricket ball [16]. 
Raman Lamba died from head injury, when the ball struck 
his head, while fielding at forward short leg in a club match 
in Bangladesh. Only two other cricketers are known to have 
died as a result of on-field injuries in a first-class fixture. Ian 
Folley of Lancashire, playing for Whitehaven in 1993, died 
after being hit by a cricket ball. Glamorgan player Roger 
Davis was almost killed, from a ball strike on the head in 
1971, while fielding. A cricket umpire died in 2009 in South 
Wales after being struck on the head by a ball thrown by a 
fielder.
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By the end of the eighteenth century, cricket transformed 
from gentleman’s leisurely game to the national sport of 
England [16] . The expansion of the British Empire led to 
popularity of cricket overseas and by the mid-nineteenth 
century the first international matches were held. Today, the 
game’s governing body, the International Cricket Council 
(ICC), has 104 member countries [16]. With its popularity in 
the Test playing countries, cricket is the world’s second most 
popular sport after football.

Injuries Associated with Cricket

In adults, injuries occur from a ball, bat, fall, slip, trip, 
overexertion, and overuse. Finger injuries while catching a 
ball, collision with another player and diving for a ball are 
also very common. Repetitive micro trauma injuries to the 
trunk, back, or lower limb are generally associated with fast 
bowling [3].

The British Sports Council conducted a survey of injuries 
amongst 213 teams in 11 different sports, including cricket, 
in North England. The survey shows 251 injuries associated 
with cricket during a season [15].

In a study conducted in Australia, the most commonly led 
injury from sports or active recreation for all ages, presented 
in an emergency department, were cycling, Australian foot-
ball, basketball, soccer, cricket, netball, and rugby [9].

According to the Australian study conducted [8], crick-
eter older than 15 years accounted for 7.3% of all sporting 
injury cases presented in an emergency department [16]. 
This ranked cricket injuries as the fifth greatest source of 
sports-related cases presented in an emergency department. 
The upper extremity was the most commonly injured region 
(32.6%), lower extremity (22.8%) and head injuries (16.6%). 
The injuries were predominantly sprains/strains 26%, frac-
tures 22.7%, and bruising 19.6% [16].

According to Victoria Injury Surveillance System (VISS) 
data, head/face injuries (injuries to the face, cheek, forehead, 
and scalp) accounted for 39% of injuries and rest were to the 
extremities: fractures 27%, dislocations 13%, and sprains/
strains 13% [20].

Based on South African studies, a total of 436 cricketers 
sustained 812 injuries. The study showed that the injuries 
associated with bowling (41.3%), fielding and wicket keep-
ing (28.6%), and batting (17.1%) accounted for most of the 
injuries. The lower limbs (49.8%), upper limbs (23.3%), and 
back and trunk (22.8%) were most common form of injury in 
cricket. The injuries were mainly soft tissue injuries (41%) 
predominantly to muscle, joint (22%), tendon (13.2%), and 
ligament (6.2%). The primary mechanism of injury was the 
delivery and follow through of the fast bowler (25.6%), over-
use (18.3%), and fielding (21.4%) [22].

Finch et al. studies show cricket injuries in children 
accounts for 3.7% of all sports-related injuries, ranking it the 
eighth most common cause of sports-related cases presented 
in emergency department. Head injuries were the most com-
mon (44.2%) and upper extremity injuries (33.9%) [9, 16].

In children, 18% of total cases are due to hit by a cricket 
bat and 2% of which were intentionally inflicted. Other cases 
were falls from running (10%), finger injuries (7%) received 
while catching the ball, and collisions (6%) with another 
player.

Overall, 93% of child injuries from outdoor formal cricket 
were collision-type injuries. The remainder 7% is from over-
use or overexertion. Bruising accounted for almost a third of 
child injury, particularly to the eyes and feet (each 5% of 
total child injury). Other common injuries to children include 
fractures of the radius/ulna (5%), knee strain or sprain (5%), 
and concussion (5%) [16].

High bowling workload has been considered as an impor-
tant factor in overuse injuries in young athletes [2]. Little 
league shoulder syndrome which is characterized by 

Fig. 1 Delivery phase during bowling

Fig. 2 Protective equipment including visor and padding use during 
batting
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epiphysiolysis in young athletes has been reported due to fast 
bowling [5]. The most serious overuse injuries for young 
athletes have been pars interarticularis defect as they can 
potentially limit participation in the game for extended peri-
ods [2, 4]. In this group of patients, bones and ligaments are 
not fully developed.

The hospital admission rate for both adults and children 
were 11%, however, adult injuries were generally more seri-
ous than those to children. According to the data, 58% of 
injured adults required treatment compared to 24% of child 
cases and 64% of child injury cases required only minor or 
no treatment [16].

Fingers are the single most common bodily injury in adult 
and child, representing 22% of injury cases in each group. 
Injuries to the head and face accounted for another quarter of 
each adult and child resulting from indoor cricket game. 
Adult head injuries were mostly nose fractures, bruising the 
face and scalp, eye hemorrhages, and swelling of the ocular 
adnexa. Children’s head and face injuries were mostly bruises 
to the eyes and concussion [16]. In adult knee and ankle inju-
ries (strain/sprains and inflammation) accounted for 12% 
and 9%, respectively, wrist fractures (3% of total injuries) 
and shoulder dislocations (2%) [16].

Bowlers are prone to lateral trunk muscles mainly internal 
oblique, external oblique, and transversalis (at the attach-
ment site in lower rib regions) injury. The injury can cause 
significant pain and impairment of function. Currently, these 
types of injuries are managed by muscle tear resolution and 
exercise program for functional recovery [13].

Repetitive throwing movements may lead to degenerative 
changes in the rotator cuff, tendinitis in the biceps, or a tear 
of the supraspinatus tendon [2]. Common problems also 
include stress fractures, shin pain, patellar tendonitis, and 
muscle tears. A wicket keeper may also suffer from osteoar-
thric changes in the knees due to unnatural action of repeated 
squatting [2].

Cricket contributed to 14.6% of all sporting facial frac-
tures, due to injury from fast flying or bouncing ball. In some 
cases a spleen rupture may occur from severe collision or 
while attempting to catch a field ball and landing heavily on 
the side [16].

Mechanism Behind Cricket Injuries

Collision-type injuries are probably the most common inju-
ries during informal cricket activities [16]. It is necessary to 
prevent overuse injuries, collision-type injuries, and general 
injuries. Fitch in 1987 describes fast bowling as one of the 
most injury-liable noncontact activities in cricket. Overuse 
injuries are very commonly seen in fast bowlers especially in 

lower spine [6, 16]. Fast, medium, and slow bowling involves 
repetitive twisting, extension, and rotation in a short period 
while body tissues and footwear must absorb large ground 
reaction forces at the same time.

The bowling action can be divided into three stages: the 
run-up to back foot impact (BFI), the delivery stride, and 
the release (Figs. 1 and 2). Due to hyperextension of spine, 
the facet joints may bear more of the compression force. 
Shoulder alignment refers to the movement of the shoulders 
between the BFI and front foot impact (FFI). This stage, in 
the delivery phase, is believed to be the prime factor in predis-
posing the lumbar spine to injury [6, 16] (Figs. 1 and 2).The 
fast bowler may use one of the two bowling techniques or a 
combination of these, known as side-on, front-on, or mixed 
bowling [6, 16]. The mixed action is believed to result in 
excessive twisting of the spine, which leads to the adoption 
of a hyperextended and laterally flexed position of the spine 
at BFI. This exerts a considerable stress on the lumbar spine 
making it prone to injury [6, 10, 16].

The study conducted [7] demonstrated that the side-on 
bowling technique had the lowest incidence of injury [6, 16]. 
Decreased range of ankle dorsiflexion on the leg contralateral 
to the bowling arm and increased range of hip internal rotation 
on the leg ipsilateral to the bowling arm have increased repeti-
tive microtrauma injury to fast bowlers [1].

Bone abnormalities have been reported to include spon-
dylolysis, spondylolisthesis and pedicle sclerosis [1, 6]. The 
fast bowling action exerts a large force on the spine, as many 
as 300–500 times a week and involves extension, lateral flex-
ion, and thoracolumbar rotation [12, 23]. It is also associated 
with pars interarticularis bone stress response and develop-
ment of incomplete stress fractures that occur more fre-
quently on the left than the right [11]. Hyperextension may 
be responsible for the bilateral pars interarticularis defects 
and spondylolisthesis. Unilateral spondylolyses tend to arise 
on contralateral side to the bowling arm [11]. Pars interar-
ticularis defects were diagnosed in 30–54% of players, spon-
dylosis in 20%, and intervertebral disc degeneration in 
30–63% [12, 17]. Foster et al. showed a higher incidence of 
back pain and stress fractures in fast bowlers who rotated 
their arms more than 10° [10].

Bowling too many overs in a single spell, or bowling for 
too many spells is another factor which predisposes the fast 
bowler to injury [16]. When physical tests were compared at 
the end of a season with those at the beginning of a season, 
MacKay and Keech (1988) found that the lower lumbar ver-
tebrae became stiff during off season [14]. Foster et al. (1989) 
found that decreased flexibility in the low back region could 
increase the possibility of back injuries [10, 16].

Excessive body fat may be detrimental to performance as 
it does not contribute to energy production and the body must 
consume energy to support the excess weight [19]. Cricketers 
with adverse postures or predisposed genetic problems may 
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increase their risk of serious injury when bowling a fast ball. 
Bowlers with a low arch are more likely to develop a stress 
fracture in the lumbar vertebrae [16].

Injury Countermeasures for Cricket

Injury countermeasures are precautionary steps that can pre-
vent the risk of injury. Ongoing injury surveillance is a fun-
damental process behind successful prevention [18]. The 
Orchard Sports Injury Classification System (OSICS) and 
the International classification of disease (ICD) allow clas-
sification of injuries and illnesses sustained across a broad 
spectrum of sports activities [19]. Prevention can be equated 
with primary (pre-event), secondary (event), and tertiary 
(post-event) prevention in the chain of events leading to 
injury (Table 1) [16].

Every individual directly or indirectly involved in cricket 
sports should be responsible to teach player safe methods for 
ball handling, prevention of high bowling workload, devel-
oping conditioning program, and game development strate-
gies [21]. There are also intrinsic and extrinsic factors 
associated with cricket injuries. Care should be provided for 
biomechanical correction of player’s posture, adequacy of 
nutritious supplements, proper orthotics, and conditioning 
and rehabilitation techniques for proper sportive outcome 
(Table 2) [16]. Extrinsic factors like adequate hydration, 
proper coach education, foot wear, modified rules for the 

game, and surface and warm-up exercises all play important 
roles in injury countermeasures (Table 2) [16].

Environmental conditions may contribute to player’s 
injury due to dehydration, heat exhaustion, and heat stroke. 
Long-term exposure to sun has been attributed to skin cancer 
[16]. Footwear modification or the use of orthotics may neu-
tralize the negative effect of high forces during front foot 
impact [10, 16].

Australian Cricket Board (ACB) promotes an education 
program that aids in reduction of fast bowling injuries enti-
tled “SPOT” (Table 3) [16]. The board also places emphasis 
on a good physical preparation, abstaining from overbowl-
ing, and a proper technique to prevent sport-related injuries.

Summary

Like many sports, cricket also has many sports-related 
 injuries. Injuries vary from minor to more complex and 
sometime, though rarely, lead to death. Enough protective 
measures are needed to prevent bodily injuries. Despite the 
risks, cricket continues to be the popular sport of choice in 
Commonwealth countries.

Table 1 Cricket injury countermeasures [16]

Primary Secondary Tertiary

Adequate water intake Environment Availability of first 
aid equipment

Attention to 
biomechanics

Protective 
equipment

Prompt first aid

Coach education Helmets Rehabilitation

Footwear Padding Rest, ice, compress-
ing, elevation, 
referral

Modified rules Gloves

Nutrition Boxes

Orthotics Visors

Playing environment Mouth guards

Preparticipation 
screening

Surface

Preseason 
conditioning

Technique

Training

UV protection

Warm up

Table 2 Intrinsic and extrinsic factors associated with cricket injury 
countermeasures [16]

Intrinsic factors Extrinsic factors

Biomechanics correction Adequate water

Nutrition Coach education

Orthotics Distance

Pre-participation screening Footwear

Preseason conditioning First aid

Rehabilitation Modified rules

Technique Playing environment

Protective equipment

Rehabilitation

Surface

Training

UV protection

Warm-up

Table 3 Australian Cricket Board (ACB) promotes an education 
program to reduce fast bowling injuries entitled “SPOT” [16]

S Screen bowlers at an early age for all risk factors including 
postural stature

P Good physical preparation is essential

O Overbowling and overuse should be avoided

T Correct technique is also important
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Adventure Sports Injuries

Omer Mei-Dan, Erik Monasterio, and Michael R. Carmont 

Introduction

Worldwide adventure tourism and adventure sports are 
important leisure activities of growing popularity. In this 
context commercial adventure tourism has become increas-
ingly important to the world economy. Adventure sports 
encompass a number of outdoor activities including rock 
climbing, mountaineering, skydiving, white water rafting, 
mountain biking, and BASE jumping. Some of these sports 
are performed by novice athletes, whereas others are only 
practiced by experienced athletes.

Recent reports have highlighted significant risk of injury 
and death associated with mountaineering [30, 33, 40], sky-
diving [6], white water rafting, and mountain biking [8]. This 
chapter reviews the published literature on these new sports 
from an injury perspective. There is a brief description of the 
origins of the sport, the equipment used together with injury 
and fatality rates and specific types of injury related to each 
sport.

Skydiving

Skydiving is defined as the sport of parachuting from air-
craft. It is both a competitive and a recreational sport and is 
estimated to engage more than 675,000 participants from 
118 countries [19]. Epidemiological studies have been con-
ducted since the late 1980s to establish the injury and fatality 
rates associated with the sport of skydiving. Initial injury 
rates are reported from military personnel data and clearly 
these involved multiple confounding factors. We have con-
centrated on sport skydiving in this review. Most reports are 
presentations of incident and injury statistics from the local 
governing bodies in the USA and Europe and report appar-
ently high injury rates [6, 12, 43, 45, 52, 53]. The International 
Parachuting Commission (IPC) safety report 2006, supplied 
from 39 countries, noted that 6 millions jumps were made by 
more than 800,000 jumpers [53]. This included “experience” 
tandem jumps in which a participant with no previous 
jumping experience is attached to a skydiving instructor by 
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harness and shares the same parachuting system and may not 
be considered to be sport participation. If we remove these 
statistics from the data, we can estimate the number of sky-
divers to be around 200,000 worldwide making 5 million 
annual jumps. It becomes apparent that a significantly smaller 
number of sports skydivers make the majority of jumps and 
a large number of participants make few jumps. In 2006, 
there were 21 reported skydiving fatalities by the United 
States Parachute Association (USPA) and only 51 fatalities 
worldwide by the Federation Aeronautique International 
(FAI) and IPC [53]. This data indicates 1 fatality per 110,000 
jumps or per 4,000 solo jumpers. Reviewing these incidents 
and learning are the key targets of all skydiving organiza-
tions to develop sport safety. “The only thing more painful 
than learning from experience is not learning from experi-
ence” is a well appreciate phrase.

The accumulated data also shows that 37 of the 51 fatali-
ties (73%) occurred with the skydiver having at least one good 
parachute on his/her back and that the majority, 41 of the 51 
fatalities (80%), appear to have been caused by human error.

The fatalities were categorized according to the cause of 
incidents. These were related to low or no pull of the para-
chute (30%), malfunctions of the parachute system (15%), 
reserve canopy problems (15%), midair collisions (20%), 
and landings (20%).

Fatalities due to landing problems increased dramatically 
from 20% in 1995 to an average of 40% between 1996 and 
2006. The rate decreased again to around 24% for the past 
2 years but is still constitutes a major part of skydiving acci-
dents. The major and universally accepted reason for this 
increase in fatal landing incidents is considered to be the 
introduction of fast wing and small sized canopies (cause of 
31% of fatalities in the 2006 international safety report).

Fatality rates, causes, and profile of jumpers tend to be 
consistent worldwide. A study conducted in Sweden showed 
that the fatality rate decreased 11-fold for the periods 1994–
2003 compared to 1964–1973 and currently the rate is 1 per 
100,000 jumps or a 1 fatality per 3,600 skydivers a year [43]. 
The 2006 international safety report states 1 fatality per 
16,300 jumpers but this increases to 1 fatality per 4,000 sky-
divers when tandem jumper data is excluded [52]. The very 
accurate data collected by the USPA in 2008 (The 2008 fatal-
ity summery – “back to the bad old days” by Paul Sitter) 
shows most victims to be experienced jumpers with an aver-
age 11 years in their sport and in their fourth to fifth decade 
of life [43]. Half of these jumpers held the highest parachute 
license (USPA D-License, apart from ratings and instruction 
licenses) and had an average of 1954 jumps (Median-665). 
The 2006 international safety report also categorized 60% of 
these fatalities as expert jumpers. Students accounted for 
about 20% of the fatalities [52].

Previous study data on skydiving may have become obso-
lete on account the development in specialized techniques 

and advancements in technology. Barrows et al. documented 
jumping incidents during two consecutive World Free Fall 
Skydiving Conventions in 2000–2001 [6]. The event, which 
takes place in Quincy\Illinois, is considered to be the world’s 
largest annual skydive gathering with participants from 55 
countries. During the study period 8,976 skydivers made 
117,000 skydives in 20 days, indicating a total injury rate of 
170 per 100,000 jumps while only 30% of those required a 
visit to an emergency department and as few as 10% required 
hospital admission. Sixty-six percent of the injuries were 
considered minor, requiring only simple first aid. Thirty-two 
percent of these were abrasions and contusions and 22% 
were a result of lacerations. Of the jumpers who visited the 
emergency department for follow-up treatment, half suffered 
from extremity trauma which was related to lower extremity 
in 80% of patients. Twenty fractures were diagnosed 
(15 limbs, 5 spinal) indicating a rate of 0.5 fractures per 
100,000 jumps.

Westman evaluated the skydiving injury rate and different 
injury aspects during 5 consecutive years and more than half 
a million jumps in Sweden [53]. In that series, the incidence 
of nonfatal events was found to be 48 per 100,000 jumps 
(or 2,100 jumps per incident as total or 3,200 jumps per 
licensed jumpers), and 88% of those occurred around the 
landing with 51% of injuries involving the lower extremities. 
Forty-one percent of the injuries were categorized as minor, 
47% as moderate, and 12% as severe. Most serious injuries 
were experienced by licensed skydivers while students in 
training had a six times higher injury rate and they more 
often left the sport due to their injury. Interestingly, women 
were over-represented among injured skydivers in this study 
(RR 1.4–2.7) and they also had a higher proportion of land-
ing injuries than men.

Although many parameters and participants may have 
changed over the last 20 years, injury rates remain similar. 
Modern equipment has decreased overall morbidity and 
mortality but it has also led to fast landings with an increase 
in limb injury. Unfortunately, there is inadequate data to be 
able to scientifically comment on the influence of the intro-
duction of specific safety equipment and other specific 
injuries.

Alpine Mountaineering

Mountaineering and the sport of alpinism are considered by 
the general public to be high-risk endeavors. Historically, 
climbing attitudes have tended to be strongly influenced by 
the nineteenth century values of discipline, self-denial, coop-
eration, and romanticism, and were undertaken by the 
wealthy and upper classes [13]. The popularity of climbing 
on rock, ice, and mixed routes, has significantly increased in 
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the last 15–20 years. Once the realm of the elite and/or eccen-
tric athletes, climbing, has now become a popular activity 
with a wide following of enthusiasts and participants. Media 
coverage has increased and now experienced guides are will-
ing to take clients to the highest mountains in the world, 
leading to stimulated debate of the ethics of the sport. This 
has also fuelled speculation as to the reasons why people 
participate in the activity. Mallory’s famous statement that he 
wanted to climb Mount Everest “because it is there” shows 
the elegant simplicity of the early attitudes and leaves the 
question essentially unanswered. Articles of accidents and 
tragedies are now published almost as frequently as accounts 
of successful ascents. Dramatically publicized disasters, 
such as the 1996 tragedy of two commercial expeditions on 
Mount Everest in which a total of five climbers died (three 
guides and two clients), appears to have done little to dis-
suade climbers from the sport.

A search of the medical and climbing literature revealed 
several studies that have estimated death rates associated 
with mountaineering in different settings. Malcolm examined 
fatality data from the New Zealand Mountain Safety Council 
and the Mount Cook Field Office of the Department of 
Conservation between July 1981 and June 1995 [30]. There 
were a total of 46 deaths due to mountaineering misadven-
ture and Malcolm estimated the fatality rate to be 1.87/1,000 
climbing days. He concluded that the risk of death from 
climbing in the Mount Cook national park was 5,000 times 
greater than from work-related injuries in New Zealand. 
Pollard et al. examined data from an international mountain-
eering journal between December 1968 and December 1987 
and estimated that the death rate of British climbers on peaks 
over 7,000 m high was 4.3 per 100 mountaineers [40]. 
However, the data is limited and open to bias as it estimated 
death rates by examining fatality statistics of climbers in spe-
cific, particularly dangerous mountain regions.

Monasterio examined demographics, morbidity, and mor-
tality findings in a population of 49 mountain climbers in 
New Zealand and followed them prospectively [33]. His 
results suggested that 23 (47%) climbers had been involved 
in a total of 33 accidents. There were 10 severe, 16 moderate, 
and 7 mild accidents. Unfortunately, this study reports the 
same incident occurring to several members of the same 
cohort and is difficult to interpret. Monasterio had 94% par-
ticipant follow-up of 4 years revealing an 8% mortality rate 
of this group. This high mortality rate represents the cohort 
of mountaineers and alpine climbers who climb technically 
challenging routes on high mountains.

Big wall climbing, as usually practiced in Yosemite 
national park, is another version of the sport. It requires 
experience, major decision making, adequate preparation, 
equipment, and ascent time calculations while confronting 
both weather, physical and technical problems, would have a 
much larger injury toll than other facets of the sport.

Bowie et al. documented 220 climbing injuries presented 
in Yosemite medical center over 3.5 years and found 6% 
death rate [9]. The majority of injuries (66%) were the result 
of a fall. Addiss and Baker analyzed 127 climbing-related 
injuries reported to the US National Park Service in 1981–
1982, 36 (28%) of which were fatal [1]. Falls accounted for 
75% of these injuries while 69% occurred while ascending. 
It is clear that the methodology of these two studies would 
not enable us to assess real climbing death and injury rates 
but does shed some light on the extreme aspects of big walls 
and outdoors climbing.

Rock climbing may be considered to be less elite, more 
popular, and is certainly more accessible than mountaineer-
ing and big walls climbing. The majority of rock climbers 
ascend single, double, or triple pitch routes and may tempo-
rarily insert belay protection into the rock (named natural 
protection). Sport climbing involves the placement of perma-
nent and secure bolts into the rock face and is frowned upon 
by sports purists.

There are still many forms of climbing which present 
unique and dangerous challenges to individual participants. 
Solo climbing, being the most extreme version of the sport, 
is climbing without the use of securing system or belaying 
partner. This form is clearly the purest form of climbing, 
understandably has a high death rate, and owing to the con-
siderable risks, relatively few participants.

Rock climbing is also performed indoors although clearly 
this cannot be considered to be an extreme form of the sport 
and studies in this area focus on overuse injuries particularly 
relating to the hands and upper limbs. Jones et al. performed 
a retrospective cross-sectional study to examine the epidemi-
ology of rock climbing injuries in outdoor and indoor climb-
ing venues [23]. They defined injury if one had to seek 
medical attention or to lose more than one climbing day. Out 
of the 201 participants of the study only 10% sustained an 
acute climbing injury as a result of a fall and of those only 2% 
resulted in upper or lower limb fractures. Most other injuries 
were related to overuse pattern and were related mainly to 
subcutaneous trauma to finger and shoulder. The study covers 
a diverse sample of active climbers and their activity, and a 
wide range of potential risk factors. Of all risk factors 
explored, only outdoor climbing (as oppose to indoor sterile 
activity) lead to higher predicted fall-related injuries. This 
study emphasizes again the major difference between extreme 
climbing and the more commonly practiced versions.

Snowboarding

Sherman Poppen first started snowboarding when he first 
bolted two skis together in the USA in 1965. Since then the 
availability of commercial snowboards has increased the 
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popularity of the sport. The National Sporting Goods 
Association estimates that since 1988, the number of snow-
boarders has increased 77%, whereas the number of skiers 
has fallen 25% [55]. Snowboarding was further boosted after 
its introduction as an Olympic sport at the 1998 Winter 
Games in Nagano, Japan. In 2002, the number of partici-
pants worldwide was estimated to be 4–7 million reaching its 
peak in the year 2004 with 6.6 million participants [31, 48]. 
By 2008, this number had dropped to 5.1 million snow-
boarders because of the weather and what is called “ski-
comeback,” quite strong in Europe. According to industry 
data most snowboarders are 18–24 years old while females 
constitute 25% of participants [31]. But, with the crowds 
came the injuries. In Europe, the Swiss Ski Lift Association 
reported more than a fivefold increase in the number of 
snowboard injuries from 1990 to 1999 [35]. Nowadays, the 
sport is still developing, with new disciplines introduced 
every year, more demanding snow installations, and spec-
tacular tricks.

Most previous winter sports studies were conducted on 
skiers and only recently have descriptions of incidence and 
injury pattern among both recreational and professional 
snowboarders been published. If skill level is not accounted 
for, snowboarders have been shown to have almost a fourfold 
higher injury rate than alpine skiers [42]. In several studies, 
of all levels of recreational snowboarders, injuries to the 
wrist represented more than 20% of all injuries. This injury 
type appears to be more frequent among inexperienced 
snowboarders [48]. Torjussen and Bahr have published two 
comprehensive retrospective and prospective studies, which 
followed world cup and national level male and females 
snowboarders during events and training sessions, to describe 
the incidence and pattern of the injuries sustained [48, 49]. 
Exposure was recorded as the number of runs in all disci-
plines, and the incidence was calculated as number of inju-
ries per 1,000 runs. An acute injury was defined as any injury 
with a sudden onset causing cessation of the athlete’s partici-
pation in competition or training for at least 1 day following 
the day of the incident. Injury severity was graded according 
to the duration of time loss from training and competition as 
minor (1–7 days), moderate (8–21 days) and serious 
(21 days). Severity was also recorded using the Abbreviated 
Injury Scale (AIS) as 1 (minor), 2 (moderate), 3 (severe, not 
life threatening, 4 (serious, life threatening), 5 (critical, sur-
vival uncertain), 6 (maximum, currently untreatable). It was 
evident that 46% of the injuries documented were recorded 
during competition in the official disciplines [48]. The most 
common injury locations were knee (18%), shoulder (13%), 
back (13%), and wrist (8%). The overall incidence during 
competition was 1.3 injuries per 1,000 runs. The most 
extreme and visual version of the sport, the big air jump 
(when the boarder launches himself from a huge man-made 
jump), yielded 2.3 injuries per 1,000 runs while halfpipe had 

1.9 rate, snowboard cross 2.1, parallel giant slalom 0.6 and 
parallel slalom had only 0.3 injuries per 1,000 runs. In the 
study conducted on national level snowboarders, the most 
severe injuries were a single hip dislocation by a female ath-
lete in a big jump competition (AIS score, 3) and a shoulder 
dislocation by a male athlete in a halfpipe competition (AIS 
score, 3) [48]. The rest of the injuries were graded AIS 1 or 
2. Most injuries were minor and put the athletes off for less 
than a week, moderate and severe injuries presented less fre-
quently. These results correlated well with previously pub-
lished data, which shows that jumping promotes knee injuries 
in both recreational and professional snowboarders [48, 49].

Experience has been shown in previous studies to have an 
influence on injury risk. Beginner skiers and snowboarders 
have been shown to have an injury risk two to four times 
higher than that of more experienced peers [27]. The pattern 
of injuries in competitive athletes at national level differs 
from recreational snowboarders, with fewer wrist injuries, 
more back injuries, and double the share of knee injuries 
[48]. Head injuries were also infrequent among professionals 
compared with recreational snowboarders, 7% and 26% of 
all acute injuries, respectively. These figures are relatively 
low and might be explained by the mandatory helmet use in 
official events. As for other injury mechanism and rate, it can 
be hypothesized that elite snowboarders suffer fewer wrist 
fractures because of their higher skill level, increased aware-
ness of risk situations, and falling technique learned after 
several years of practice. Edge control and general skills pre-
vent competitive snowboarders from falling backward and 
causing injuries to the wrist. These studies also concluded 
that there was no difference in injury incidence between 
junior and senior professional athletes or between genders, 
and compared with national level, the injury risk appears to 
be lower at World Cup level [48, 49].

Langran and Selvaraj conducted a prospective case- 
control study to examine the incidence and patterns of snow 
sports injuries, among recreational participants, at the three 
largest commercial ski areas in Scotland [27]. Their results 
were similar to other studies published from around the 
world. The slope population was comprised of 67%, snow-
boarders 26%, skiboarders 4%, and telemark skiers 2%. The 
injury rate observed was 3.7 injuries per 1,000 skier days. 
Lower limb injuries and sprains were the commonest injuries 
in alpine skiers and skiboarders while snowboarders sus-
tained more injuries to the upper limb and axial areas with 
the wrist being the single commonest site of injury. 
Skiboarders and snowboarders had a higher incidence of 
fractures. Age <16 years, inexperience (particularly those 
skiing, snowboarding, or skiboarding for the very first time), 
and less than 6 days of experience on the slopes in the cur-
rent season were all factors associated with increased risk of 
injury. More than 5 days of experience in the current season 
and at least 1 week of experience in total had a protective 
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effect against injury. In all groups, those on their first day 
were over-represented among the injured population.

Kitesurfing

Kitesurfing or kiteboarding is a relatively new surface water 
sport with rising popularity that uses wind power to pull a 
rider through the water on a small surfboard or a kiteboard. 
The Chinese are credited with using kites for propulsion in 
the thirteenth century but the development of modern day 
kitesurfing started only 4 decades ago following the evolu-
tion of kite-skiing and kite-buggying [20]. The athlete stands 
on a small board to transfer the energy of the wind into speed 
using a large maneuverable kite. The vertical lift of the kite 
enables the athlete to perform high jumps even in light surf 
conditions. The athlete can control the kite using a handle-
bar, which is connected to the kite via four small-diameter 
lines [38, 39]. The wrist or harness of the kitesurfer is con-
nected to one of the four lines by a kite leash, which prevents 
the kite from blowing away in case the athlete loses control 
of the handle bar [38]. Generally, kiteboarding refers to a 
style of riding known as freestyle or wake-style, whereas 
kitesurfing is more “wave-riding”-oriented. These two styles 
usually require different boards and specific performance 
kites [20].

In 2006, the number of kitesurfers has been estimated at 
around 150,000–210,000, with 114,465 inflatable kites sold 
that same year, and in South Africa kite surfers already out-
number the wind surfing community [14]. On October 4, 
2008, Alex Caizergues from France established a record val-
idated by the WSSRC (“World Sailing Speed Record 
Council”) at 50.57 knots (93.66 kmph). As of today, this 
kitesurfing speed record is the absolute sailing speed record 
on water by any craft [21].

There are only a handful of papers published on kitesurf-
ing and such is its infancy. Nickel et al. prospectively evalu-
ated 235 kitesurfers (225 men and 10 women) over a 6-month 
period of one season [38]. Mean age was 27 years and the 
average experience was 2.8 years. One hundred and twenty 
four injuries were reported by participants giving to a self-
reported injury rate of 7 per 1,000 h of practice surfing which 
was comparable to previous retrospective data [39]. One 
fatal accident and 11 severe injuries occurred during the 
study period (two knee ligament injuries and nine fractures 
at various sites). The most commonly injured sites were the 
foot and ankle (28%), skull (14%), chest (13%), and knee 
(13%). The majority of injuries were classified as mild (77%; 
incapacity to train or compete on a normal basis), medium 
(19%; absence from kitesurfing for more than 1 day), and 
severe (3%; absence from kitesurfing for more than 
6 weeks).

The main injury mechanisms described include misland-
ing a jump in flat water or close to the beach resulting in 
lower limb trauma and loss of control of the kite. Interestingly, 
25% of the injured athletes reported an overestimation of 
their expertise, 15% a misinterpretation of weather condi-
tions, and 55% a technical mistake as causative factors. Only 
21% used protective devices and 6% reported collisions with 
fellow surfers. Simple collisions easily transform into fatal 
accidents when participating in extreme sports. An inability 
to release the kite from the harness typically leads to blunt 
trauma as the surfer is pulled into an obstacle such as the 
beach wall or a boat. This is a factor in 56% injuries. Athletes 
that used a quick-release system tended to sustain fewer inju-
ries than those who did not. Nickel et al. concluded that kite-
surfing can be considered a high-risk sport and advocated the 
use of a harness quick-release system to reduce accidents 
and prevent injuries [38]. Another interesting point coming 
out of this study was that the injury rate was 7 per 1,000 h of 
practice and 17 per 1,000 h of competition. This 2.5 times 
higher injury rate clearly reflects the limits the athletes are 
pushing in competition when prizes, audience, or fame are at 
stake. Other extreme sports, for example, BASE jumping, 
tend to eliminate official events where more fatalities are 
evidenced.

Exadaktylos et al. provided more descriptive data from 
the analysis of kitesurfing-related offshore rescue missions 
in Cape Town, South Africa [14]. The study covered 30 air 
rescue missions over a 7-month period conducted by an air 
ambulance and rescue helicopters. Mean age of rescued ath-
letes was 26 years (range 23–35) involving 27 males and 
3 females. Again, a total of 25 accidents (83%) were attrib-
uted to the inability to detach the kite from the harness in a 
situation involving loss of control over the kite due to very 
strong winds far away from the beach or inability to launch 
the kite offshore due to weak winds. Injuries occurred in five 
incidents and included fractures of the upper arm, ribs and 
ankle, and lacerations and contusions to the head and neck. 
Two patients suffered from hypothermia and one experienced 
severe exhaustion. All surfers were rescued successfully and 
there were no fatal accidents. This study, although conducted 
in a prospective manner, has a major pitfall as only injuries 
requiring or using air rescue were covered. The above studies 
found that half of kitesurfing injuries occurred less than 50 m 
from the beach or on the beach and so such rescue may not 
be required.

WhiteWater Kayaking

A kayak is an Inuit or Eskimo craft in which a paddler sits 
and paddles forward. The majority of the published literature 
focuses on the physiological, biomechanical, and other 
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aspects of flat (as oppose to extreme) water kayaking. Current 
estimates place the number of whitewater kayakers at 
between 1.4 and 2.8 million, with a growth of almost 15% 
annually [15, 16].

Whitewater kayaking can range from simple, carefree 
gently moving water, to demanding, dangerous whitewater, 
according to river shape, steepness, and the presence of rap-
ids. River rapids are graded like ski runs or climbing routes, 
according to the difficulty, danger, or severity of the rapid. 
Accordingly, a first descent of a dangerous river is paralleled 
to a first ascent of challenging mountain face or ridge. 
Generally, there are six levels upon which river sections are 
defined, each referred to as “Grade” or “Class” and then a 
number. The grade of a river may change with the level of 
flow, obstacles, and other encountered factors. Whitewater 
grades range from 2 (grade 1 is not considered whitewater), 
which is defined as rapids of moderate difficulty with pas-
sages clear, to 6 being the most difficult and dangerous class 
and commonly defined as unrunnable. The unique demands 
of the sport, navigating down river and/or playing in white-
water holes and waves in a small plastic boat, places the kay-
aker in a position where the line between excitement and 
injury may be very fine.

Fiore and Houston conducted a retrospective worldwide 
survey which included 392 kayaking respondents [16]. The 
majority of kayakers were male (83%) with a mean age of 
34 years (range 13–70) and the average number of years of 
boating is 7.7 (0–55). Seventy-seven percent spent more than 
20 days a year kayaking. A total of 219 injured kayakers 
(56% of respondents) reported 282 injury events within the 
previous 5 years, causing 396 distinct anatomical injuries. 
Extreme kayakers (class V/VI) suffered injuries significantly 
more often (76%) than the other classes of kayakers com-
bined (50%). The number of days spent kayaking per season 
was the only independent predictor of injury. The over-
whelming majority of injuries occurred while the kayaker 
was still in the boat (87%). Striking an object was the most 
common mechanism of injury (44%), followed by traumatic 
stress and overuse (25% each). The most common injuries 
were abrasions (25%), tendinitis (25%), contusion (22%), 
and dislocation (17%, mainly shoulder). The upper extrem-
ity, especially the shoulder, was the most commonly injured 
area of the body assembly, being very exposed, and provides 
most of the “muscle” for kayaking, making it susceptible to 
overuse, traumatic stress (transmitted force), and impact 
injuries. Although half of injured kayakers sought medical 
care for their injury, and almost one-third missed more than 
1 month of kayaking because of the injury, almost all (96%) 
reported a complete or good recovery. Overuse injuries, 
accounting for about 25% of injuries, had the worst outcome 
in terms of time off from kayaking (being the inciting mech-
anism of injury), followed by traumatic stress, with the best 
outcomes associated with impact injuries. Except for class V 
(extreme) kayakers, reports of injuries paralleled the number 

of participants. Interestingly, kayakers reported injuries pre-
dominantly on rivers that they assessed to be at a level appro-
priate to their skills, claiming to be injured more often on 
rapids at or below their skill level than on rapids above their 
skill level.

Like with many other descriptive and retrospective stud-
ies in the extreme sports era, a major limitation of this work 
is that kayakers who dropped out of the sport because of 
injury or other factors are not included and therefore the true 
injury and fatality rates cannot be calculated. Fiore reviewed 
the demographics of kayaking injuries and the types of inju-
ries commonly encountered, and determined the fatality rate 
to be 2.9 per 100,000 user days, and injury rate to be 3–6 per 
100,000 boating days [15].

Wallace examined whitewater injuries from a different 
and narrower perspective [51]. He restricted the study to 
“close calls and serious injuries,” reporting on 225 separate 
incidents. The anatomical distribution of injuries was similar 
to the above paper, with 45% of injuries reported being 
shoulder dislocations. Not surprisingly, his study did report a 
higher incidence of “near drowning” (11%) and fatalities 
(8%), reflecting the focus of that study on serious injuries.

Krupnick et al. conducted a cross-sectional, retrospective, 
written survey of the athletes competing in the four regional 
Olympic canoe and kayak qualifying races for the United States 
Canoe and Kayak Team in the spring of 1996 [26]. A total of 
375 questionnaires were distributed, of which only 54 (14%) 
were completed and returned. A composite of 271 separate 
injuries was reported by kayakers during their careers. While 
56% of the injuries occurred during training, 40% happened 
during recreation and 4% during competition (the short and 
intense work of racing produced a greater frequency of inju-
ries). The most frequent injuries were sprains (32%), tendonitis 
(20%), and chronic musculoskeletal pain (14%). Simple bruises 
(9%) and infections (8%) occurred with moderate frequency, 
while severe injuries, such as dislocations (3%) and lacerations 
(2%), were even less common. About 10% of the paddlers 
noted a near-drowning event during their careers. Of the inju-
ries noted, 70% were reported as recurrent or chronic. Treatment 
included rest (37%), physical therapy (23%), medical interven-
tion (34%), and surgical intervention (6%).

Surfing

During the past two decades, the sport of wave surfing has 
enjoyed sustained growth via commercialization of surfing 
apparel and the surfing lifestyle, mainly due to the huge mar-
ket involved, fashion trends, and TV and magazine coverage. 
In 2004, it was estimated that there were more than 2.1 mil-
lion surfers in the USA and this exciting sport is enjoyed in 
many coastal communities around the globe [36]. Efforts are 
now under way to include surfing as an Olympic sport.
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Despite being one of the most popular outdoors sports in 
the world, less than ten studies have been conducted on wave 
surfing injuries thus resulting in very few original publica-
tions. Little is known about injury rates, patterns, and mecha-
nisms although participants are prone to various conditions 
ranging from acute injuries to conditions borne from chronic 
environmental exposure.

Most published surfing injury rates in the past have relied 
on survey data of self-reported injuries, with the inherent 
problems of recall and responder bias. Nathanson et al. eval-
uated acute competitive surfing injuries at 32 professional 
and amateur surfing contests worldwide between 1999 and 
2005 [37]. All acute injuries sustained during competition 
were recorded by on-site medical personnel. The wave size, 
type of seafloor, and number of surfing heats were also 
recorded for each day. They evidenced 116 injuries, 89 of 
which occurred during competition. The injury rate was 5.7 
per 1,000 athlete exposures, or 13 per 1,000 h of competitive 
surfing. There were 6.6 significant injuries per 1,000 h of 
competitive surfing and the risk of injury found out to be 2.4 
times greater when surfing in waves overhead or bigger and 
2.6 times greater when surfing over a rock or reef bottom.

The same group has previously presented descriptive data 
of surfing injuries from a Web site-based interactive multiple 
choice surveys [3]. This study supplied more data on the 
actual distribution of surfing injuries: 1,348 individuals 
reported 1,237 acute injuries and 477 chronic injuries. 
Lacerations accounted for 42% of all acute injuries, contu-
sions 13%, sprains/strains 12%, and fractures 8%. Thirty-
seven percent of acute injuries were to the lower extremity, 
and 37% to the head and neck. Fifty-five percent of injuries 
resulted from contact with one’s own board, 12% from 
another surfer’s board, and 17% from the sea floor. That data 
correlates well with previous reports showing that high per-
centage of lacerations were caused by the sharp fin, or by the 
tail, or by the nose of the surfboard and also it had been 
shown that head injury accounts for a considerable propor-
tion, contrasting injury statistic with the fact that very few 
surfers use protective headgear [29, 46, 47].

Allen et al. conducted a 56-month survey of 36 hospital-
ized patients injured while surfing off Oahu, Hawaii and 
indic ated that 34% of the injuries involved the head and 
spine [3]. The group defined the risk of injury to be approxi-
mately 1 per 17,500 surfing days. Lowdon et al. tried to 
determine the nature, rate, and cause of traumatic surfing 
injuries by gathering injury data directly from surfers rather 
than by retrospective analysis of hospital or first aid station 
records [29]. Three hundred and forty-six surfers of varying 
ages, experience, and competence reported 337 injuries sus-
tained over a 2-year period. The most common injuries 
requiring medical attention or resulting in inability to surf 
were lacerations (41%) and soft-tissue injuries (35%). The 
rate of moderate and severe injuries among their sample was 
calculated to be 3.5 injuries per 1,000 surfing days.

Taylor DM et al. undertook a cross-sectional survey of 
surfers at eight Victorian beaches [46]. They defined signifi-
cant injuries as these requiring medical attention or time off 
surfing/work. Of the 646 surfers enrolled in their study, 145 
sustained 168 significant acute injuries, which accounts for 
0.26 injuries/surfer/year. Here too, 45.2% were caused by 
striking a surfboard or another surfer while “wiping out” was 
the mechanism of 36.3% of the injuries reported. The distri-
bution for lacerations, sprains, and contusions was similar to 
the rates mentioned above but they also reported 11% dislo-
cation rate and 9% of fractures. The group also reported 
some long-term effects of surfing injuries by presenting 20 
surfers with unstable/stiff/painful joints due to acute injuries 
and 136 surfers who reported chronic health problems not 
related to acute injury including chronic/recurrent otitis 
externa and exostoses, muscle and joint pain/stiffness and 
pterygium.

BASE Jumping

Although it is common to compare and discuss skydiving to 
BASE jumping as they both share the same general equip-
ment, extreme sports athletes may oppose this connection 
and believe that skydiving is similar to BASE jumping in the 
same way climbing stairs is similar to climbing Everest. 
Skydiving is a commercial sport which involves dozens of 
thousands of participants worldwide. It is a relatively safe 
sport, or can be performed safely, if one follows all accepted 
rules and working patterns practiced in the common drop 
zones and uses jumping equipment suited to his abilities.

BASE jumping is a sport that developed out of skydiving 
and uses specially adapted parachutes to jump from fixed 
objects. “BASE” is an acronym that stands for the four cat-
egories of fixed objects that one can jump off. These are: 
Building, Antenna, Span (a bridge, arch or dome), and Earth 
(a cliff or other natural formation). It is considered as being 
among the most dangerous adventure sports in the world. 
As such, BASE jumping has been banned from many popu-
lar launch sites such as the Eiffel Tower in Paris and in 
Yosemite National Park in California. BASE jumping is 
considered to be significantly more dangerous than skydiv-
ing. As BASE jumps are made from lower altitudes than 
skydives (often less than 500 ft above ground level), BASE 
jumpers generally fall at lower speeds, have far less aerody-
namic control and may lose flying stability. If the parachute 
is deployed while the jumper is unstable there is a high risk 
of entanglement or malfunction. The single canopy used 
may also be facing the wrong direction. Such an off-heading 
opening is not problematic in skydiving, but off-heading 
opening that results in object strike is the leading cause of 
serious injury and death in BASE jumping. Also, as BASE 
jumping takes place in close proximity to a cliff or tower 
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which provides the jump platform, the jumper may collide 
with the object.

Very few studies have been conducted on that unique popu-
lation which was thought to involve less than a 1,000 active 
members worldwide. Soreide et al. determined that BASE 
jumping is associated with a five- to eightfold risk for death 
or injury when studying BASE jumpers at a single jump site 
in Norway when compared to regular sky diving [44]. The 
death rate associated with BASE jumping was found to be 
0.04%. Study data is limited by the absence of information 
on demographic characteristics or BASE jumper level of 
experience. Furthermore, the report findings relate to the out-
come of jumps from a single cliff (Kjerag massif in Norway), 
rather than the broad range of objects from which jumpers 
may launch. Monasterio and Mei-Dan studied 35 experi-
enced BASE jumpers in order to determine the frequency 
and characteristics of BASE jumping accidents in a cross-
sectional survey [34]. Their findings estimated an injury rate 
of 0.4% of the 9,914 jumps similar to Soreide’s results [44]. 
There were 39 accidents involving 21 (60%) of the study 
BASE jumpers. Twenty-eight accidents (72%) predomi-
nantly involved the lower limbs, 12 (31%) involved the back\
spine, 7 (18%) the upper limb, and 1 (3%) was a head injury. 
Other interesting findings suggested that the sport attracts 
predominantly male participants. Jumpers tend to become 
involved in the sport in their mid-twenties, when they gain 
sufficient skydiving experience and the required maturity, 
and tend to continue with the sport into their thirties. 
In Monasterio and Mei-Dan’s study 75% of injuries were 
moderate or severe contrasting with the majority of injuries 
being minor in Soreide’s series [34]. The single high 
(1,000 m) site studied in the Norwegian series actually allows 
for relatively safe jumping as jumpers having greater speed 
before parachute deployment and controlled landing in a 
clear area. The rate of injuries requiring hospitalization in 
Monasterio and Mei-Dan’s study was 294 per 100,000 jumps 
and 16 times higher than that found by Barrows et al. (18 per 
100,000 jumps) in their study on freefall skydiving injuries 
[6]. Longer term follow-up at 2 and 5 years, currently evalu-
ated, may show an increased mortality rate owing to the 
long-term sequelae of injuries found in the sample, which 
might present an even higher risk of mortality than previ-
ously reported. This data emphasis the huge difference 
between those two mistakenly correlated extreme sports.

Mountain Biking

Mountain biking (MTB) is a fast developing extreme sport 
and is featured at both the X Games and the Olympic Games. 
Different forms of racing occur from tricks and trials riding 
to cross country, marathon, and downhill. In dual slalom and 

four Cross and free racing, riders race head to head over pre-
pared courses. At national meetings the traditional cross 
country event has waned and now downhill racing has 
become the premier event [25].

Many studies of mountain biking injuries have been 
 performed; however, these have been mainly retrospective 
 studies of cross country riders and are based upon the self-
reporting of rider’s injuries [2, 10]. Although the risks of 
injury are similar between downhill and cross country riders, 
0.51% and 0.49%, respectively, downhill racers are much 
more likely to be injured than those competing in cross 
country events. Cross country riders sustain 0.37 injuries per 
100 h riding compared to 4.34 injuries per 100 h downhill 
racing [11].

Falling off the bike is more serious when riders fall over 
the handlebars compared to falls to the side. Falling over the 
handlebars tends to result in head, face, and cervical spine 
injuries whereas falling to the side results in lower limb inju-
ries. The majority of riders injured are males aged between 
20 and 39 years whereas female riders who tend to be lighter 
tend to fall forward over the handle bars with increased 
severity of injury [10].

New technology has been introduced to make extreme 
sports safer and this has been readily adopted by MTB riders. 
The use of helmets has been shown to prevent concussion 
and reduce head injury [7] and the wearing of helmets has 
been made compulsory by the Union Cycliste Internationale 
(UCI) [50]. Gassner’s reported series of rider’s maxillofacial 
injuries from 1991 to 1996 shows that MTB riders have 
much more severe injuries than road riders with 15.2% of 
injured riders having Le Fort midfacial fractures [17, 18]. 
The use of face guards is now commonplace among downhill 
riders. Cervical spine injuries are fortunately rare in moun-
tain biking although when they do occur they tend to be cata-
strophic resulting in paraplegia [5]. Recent Web pages have 
highlighted the occurrence of cervical spine cord injuries in 
riders and this is used to encourage riders to wear prophylac-
tic neck braces [32]. The usual mechanism of injury is a 
hyperflexion injury [4] resulting in loss of spinal stability 
[54] and ultimately spinal cord damage. The braces transfer 
the forces of hyper forward flexion, extension, and axial load 
onto the appendicular skeleton [28] resulting in clavicle frac-
ture. Clavicular injuries are common in all forms of riding; 
they heal typically within 6 weeks and have minimal reha-
bilitation problems [41]. There have been no formal studies 
to recommend the use of body armor although this is unsur-
prisingly worn by fashion conscious riders. All of these pre-
ventative measures will clearly make traditional riding safer 
but as in other sports it must be remembered that the wearing 
of protective equipment has a significant psychological effect 
boosting confidence and may make the wearer seem “invin-
cible” [24]. In extreme riding, rider error or slip may involve 
a fall of thousands of meters and so is life threatening. 
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The role of protective equipment for extreme riding may be 
considered to be negligible.

Summary

Extreme sports are increasing in popularity. They are fun to 
participate in and exciting to watch primarily due to the per-
ceived risks of injury and death. The perceived and high-
lighted risks presented in the media may not reflect the true 
risks for a practiced professional participant and this must be 
considered when interpreting further published data.

A wide variety of disciplines and sports are represented in 
the extreme sports field and this is ever expanding. Future 
research must progress alongside the development of these 
sports to allow the sports to be analyzed and made safer 
without detracting from their extreme nature.
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Nutrition Practice of the Race Across America 
Winner: A Case Report

Bojan Knap 

Introduction

The Race across America (RAAM) is the longest and most 
difficult cycle race organized every year since 1982 from 
the west to the east coast of the USA. RAAM is a race 
against physical and psychological capacity of a human 
being. The winner makes this enormous effort over 8–9 days 
on a bike for practically 22 h/day, or with only a 2 h-rest for 
sleep in 24 h. Such an extreme effort of RAAM is caused by 
the length of the race, sleep deprivation, skin damages in 
places such as the perineum and bottom, overuse neuropa-
thy, neck muscle failure, energy problems, food and fluid 
intake problems, traffic and extreme weather conditions 
in the desert and mountains. The 2004 RAAM was a 
4,761.5 km long race from San Diego to Atlantic City. 
Racers had to ride over 14 American states, climb 31,700 m 
above the sea level on mountains, and cross three time 
zones [15].

The Competitor’s Anthropometric  
and Anamnestic Data

Our competitor, born in 1965, is a soldier in the Slovenian 
Army. His height is 181 cm, and he weighs 79 kg. His body 
contains 9% of fat as determined with bioimpedance analy-
sis. His heart rate in the morning was 44 beats per minute, his 
blood pressure was 120/80 mmHg. Echocardiographic data 
are typical for endurance sportsmen and show mild eccentric 
hypertrophy of the left ventricle. Oxygen consumption at 
cycloergometry was 66 ml of oxygen/kg body weight. He is 
a professional racer and has won about 100 races at different 
levels of quality. In 1999, he started a very successful ultra-
marathon story. In 2003 before his first RAAM, he was ane-
mic and had iron insufficiency. His start on RAAM was very 
bad, with severe hallucinations and dehydration problems in 
the desert. He won the Race Across America in 2004, 2005, 
and 2007, in addition to Le Tour Direct, a 4,023 km (2,500 
mile) race on a course contrived from classic Tour de France 
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routes. On RAAM 2006, he had to stop the race because of 
pulmonary edema [3, 31]. Overracing in the previous years 
led to severe health problems, especially respiratory tract 
infection. In 2006, after his failure in the RAAM, he had 
herpes zoster infection. Subsequently, he often had mucopu-
rulent bronchitis in ultra-marathon races.

Typical Training Patterns of the Most 
Successful Ultra-Marathon Cycling Racer

His training lasts 7 h every day, sometimes even twice a day. 
He rides from 180 to 220 km/day. Once a week, he does not 
take any rest but trains without the rest for 300 km. Every 
year, he cycles 45,000 km. After his first sleep deprivation 
experience on RAAM, he does some long training to resist 
emotional problems arising during sleepless nights. Sleep 
deprivation is not possible to train but the emotional reaction 
to sleeplessness can be improved which was shown by our 
competitor at competitions LeTourDirect 2006, LeTourUltime 
2007, RAAM 2004, 2005, and 2007 which he did practically 
without important hallucinations and problems to the end, 
and won these extreme efforts.

Overview of Nutritional Requirements  
in Training Including Special Requirements 
for Energy and Micronutrients

Generally, the nutritional issues of sportsmen during train-
ing and competition are of primary importance. Athletes 
must establish their nutritional goals and transfer them into 
dietary strategy [1, 2]. The nutritional requirements of 
training and competition programs of elite endurance 
cyclists are challenging. High energy intakes (6,000 kcal/
kg/day), carbohydrate intakes of 8–11 g/kg/day, are rec-
ommended. Assistance of medical and scientific support 
crew is obvious [5]. Carbohydrate intake for replenishment 
of glycogen reserve is extremely important. Carbohydrate 
loading technique is endurance sportsmen routine. Each 
athlete has unique energy requirements, which underpin 
their ability to meet total nutritional goals [6]. Temperature 
regulation in hot environments through the maintenance of 
hydration levels is extremely important [11]. Nutritional 
strategies play an important role in prevention of dehydra-
tion; especially hyper hydration with glycerol is possible 
in extremely hot conditions [7]. Good nutrition plan is 
important at every stage of training and cycling competi-
tion [14]. Proper nutrition during ultra-endurance races is 

critical for the maintenance of energy balance and a state 
of dehy dration [1, 2].

Inadequate caloric intake can lead to chronic fatigue, 
weight loss, and impaired physical performance. Inadequate 
micronutrient intake of vitamins and minerals can also impair 
physical performance. Meeting the energy demands of ultra-
endurance cycling requires careful planning and monitoring 
of food and fluid intake. Lindeman (1991) reported that car-
bohydrate accounted for 78% during RAAM (8,429 kcal) 
[21]. During times of high physical activity, energy and 
macronutrients needs – especially carbohydrate and protein 
intake – must be met in order to maintain body weight, 
replenish glycogen stores and provide adequate protein for 
building and repair of tissue. Diet should provide moderate 
amounts of energy from fat (20–25% of energy) but no per-
formance benefits to consuming diet containing less than 
15% of energy from fat [25]. During the ride, the source(s) of 
energy will vary, depending on the intensity of the ride. 
At moderate intensities, fat contributes a significant fraction 
of the energy. As the intensity increases, carbohydrate pro-
vides more energy. At exercise intensities below the lactate 
threshold, fat and carbohydrates provide approximately 
equal amounts of energy and very similar situation is on the 
RAAM about 50% of the time [23].

Issues of Optimal Physique  
and How This is Achieved

Every day in the year in training shape for five or more on 
average 7 h/day for cycling 45,000 km in 1 year is an excel-
lent preparation for optimal physique. Most successful 
cyclists, irrespective of the race discipline, have a high max-
imal aerobic power output and the ability to work at rela-
tively high power outputs for long periods [3]. A successful 
cycling competitor has low body fat of 10% ± 2.4%, and 
daily energy expenditure in training time is 30% higher than 
the daily energy intake as often found in endurance sports-
men [27]. Low body fat mass is typical for endurance ath-
letes. A carbohydrate-rich diet and low-fat diet is typical in 
high performance endurance athletes [26, 33, 34]. The link 
between pre-race and in-race dietary effects on performance 
is evident but some studies are needed to confirm this 
hypothesis in everyday practice. Anthropometric character-
istics are not decision factors of success in ultra-racers. 
Observation of ultra marathon runners shows that efficient 
limbic system is more important for ultra-marathon racing 
than other physiological parameters [16]. Influence of 
anthropometry on race performance was not shown on par-
ticipants of Deca Iron Triathlon [19].
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Analysis of the Physiological Requirements 
of Competition or What the Most Important 
Problems on RAAM Are

For driving 3,000 miles or 4,760 km, a good cyclist needs 
20 days in normal circumstances to cycle during the day and 
sleep at night. But RAAM is a chronometer race and every 
second counts. Our competitor cycled 600 km/day and con-
sumed about 10,000 kcal, sleeping only for 12 h during the 
whole time of the race. The racer’s average velocity was 
14.66 mph or 23.59 km/h. The course was sometimes very 
hilly and winds from the front were extreme in the state of 
New Mexico. The monotony of flat sections of this extremely 
long race could be frustrating. The support team’s help is 
extremely important to motivate the competitor to achieve 
his goals.

Surviving 1 week on a bike is often more difficult than we 
imagine before starting ultra-marathon cycling. Damages of 
skin in places such as the gluteus and perineum are very 
unpleasant and can cause removal from the race due to local 
infection and sepsis. Prevention of these problems must start 
before the start of the race, and in the race the right decisions 
about local and systemic therapy must be made. Knowledge 
and experience of the physician is very important.

Overuse of peripheral nervous system leads to paresthesia 
and diminishing of sensitivity even 2 months after RAAM. 
Stiffness and rigidity of extremities are very common prob-
lems in ultra-cycling competitions. Edema of the feet must 
be taken into account when the number of sports shoes is 
arranged. Neck muscle failure could be the problem on 
RAAM.

Proper nutrition during ultra-endurance races is critical 
for the maintenance of energy balance [17]. In such extreme 
events, metabolic demands are very high. The energy expen-
diture in long distance races is about 10,000 cal/day, but the 
average intake is 6,500 cal [21]. It is extremely difficult or 
rather impossible to cover the total energy expenditure by 
nutrition during extreme events. During RAAM, energy 
consumption is about 8,429 kcal in 24 h [17] but evaluation 
of energy consumption during the race with heart rate mon-
itor POLAR S270 was between 15,100 and 23,280 kcal/day 
[18]. The energy intake in this racer was between 7,513 and 
12,735/day. This athlete lost 5 kg of his body weight in 
9 days and 16 h. These are very high values of energy 
expenditure and they could be overestimated. Francescato 
and Prampero (2002), calculated the energy expenditure per 
unit distance, which ranged from 73.1 to 110.5 kJ/km [12]. 
It is possible to estimate the energy expenditure of ultra-
endurance cycling performance provided that the mechani-
cal power output can be described by well-defined equations. 
The course of the 2004 RAAM was 4,761 km long and the 
calculated expenditure of energy would be 104,720 kcal or 

11,600 kcal/day if the race were 9 days long. The intensity 
of physical effort on RAAM is moderate, sometimes very 
low and the average consumption of energy expenditure can 
hardly be greater than 560 kcal/h, for 20 h of effective 
cycling in 24 h, which would be about 11,200 kcal (Personal 
observation). Our competitor has consistently weighed 
79 kg for many years; before the start of the race, his weight 
was 82.6 kg and after RAAM, 77 kg. He retained some 
body water before the start and lost probably about 3 kg of 
fat and 1 kg of muscles. His muscle mass changes between 
and after an ultra-marathon race. Dilution of plasma is typi-
cal in ultra-endurance effort from temporary diminishing of 
renal function [24].

Dehydration is the leading cause of problems on ultra-
marathon events. On RAAM proper hydration is sine qua 
non to the end and to survive the race. Sports drinks and liq-
uid food can help to prevent hypohydration. Prevention of 
dehydration is very important and the preparation must start 
before the race.

After the racer’s first stop, after 36 h from the start with-
out any rest, and after 1,041 km on a bike to the end of the 
competition on RAAM, the competitor starts fighting for 
survival or dying in parts on a bike. Regeneration is a big 
challenge for the competitor and his support team. Regeneration 
is only possible if there is enough rest, and regeneration on 
RAAM is incomplete. Basic principles of regeneration are 
the following: replenishing of fluids and replacing of elec-
trolytes, replacing of muscle glycogen, rebuilding of muscle 
protein and reducing muscle and immune-system stress. 
Prolonged exercise may produce sore muscles and make the 
racer more susceptible to colds and other infections [30]. 
Free radicals are one of the sources of muscle soreness. Free 
radicals can damage muscle cells and mitochondria, and are 
one of the causes of muscle inflammation and muscle sore-
ness [32, 34]. Ultra-distance cyclists place great demands 
on their bodies, by virtue of all the miles in the saddle and 
consequences are fatigue and muscle soreness. Massage is 
very helpful and also ice on the legs diminishes painful 
muscles [35].

Real regeneration as rest and sleep is absent on RAAM. 
Sleep deprivation is one of the most important problems on 
RAAM. A sleepy state could be life threatening for the com-
petitor because the race goes on in normal traffic conditions. 
The competitor was on a bike for 37 h after the start, then had 
a rest for 2 h and 30 min. After 24 h of cycling, he went to 
sleep for 1 h and after that he rode for the next 17 h. Sleep 
deprivation problems started at this point of RAAM with hal-
lucinations. After that the competitor rode for 25 h and half, 
and slept for 1 h. After 23 h of cycling he slept for 1 h and 
40 min. At the end of the 20 h-ride, he slept for 1 h and 
40 min. After finishing the race, he slept for18 h in a hotel 
room. Cortex needs sleep and for this reason power sleep is 
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very helpful, this being a 15 min-long-sleep during the race. 
The competitor slept in bed for 11 h and 5 min, and 1 h and 
12 min on the road (power sleep). During the whole race, he 
slept for 12 h 17 min, and made 4,761 km in 8 days 9 h and 
51 min. Power sleep is needed for the first time on the third 
day of the race. A short break renews the nervous system, so 
that the racer can ride after a short sleep stop.

Common Nutritional Problems That Arise 
from Ultra-Marathon Cycling or Practical 
Issues That Interfere with Optimal Eating 
Practices and Theoretical Background

Carbohydrate rich foods with a moderate to high glycemic 
index provide a readily available source of carbohydrate 
for muscle glycogen synthesis, and should be the major 
carbohydrate choices in recovery meals [26]. Although 
there is new interest in the recovery of intramuscular trig-
lycerides stores between training sessions, there is no evi-
dence that diet which is high in fat and restricted in 
carbohydrate enhance training [9]. Influence of nutritional 
status on performance is important, especially micronutri-
ent status, which is not exactly defined [23, 25]. Mismatch 
of energy intake and energy expenditure, such that energy 
availability falls below 30 kcal/kg of fat free mass per day, 
causes disturbances to hormonal metabolic and immune 
function [10]. Extremely important is also sufficient pro-
tein intake, while regeneration of muscle damage is critical 
for protein intake and also for post exercise muscle glyco-
gen recovery enhanced with a carbohydrate-protein supple-
ment [4]. On the other side, a high protein diet has ergolytic 
effect on endurance cycling performance in comparison to 
high carbohydrate diet [22].

Energy deficit was found in study of deca triathlon on 
body composition and this deficit was covered by consump-
tion of adipose subcutaneous tissue as well as skeletal muscle 
mass [20]. In extremely long endurance races, anthropome-
try is not so important for success [17]. The excessive intake 
of proteins and lipids does not influence on racing perfor-
mance in a young cyclist group [28]. Performance of mara-
thon runner is dependent on macronutrients content of high 
carbohydrate diet [8, 26].

Despite much current debate regarding central and 
peripheral neural mechanism which may be responsible for 
the onset of fatigue during prolonged exercise, maintenance 
of nutritional and hydration status remains critical for 
 successful participation in ultra-endurance exercise. Carbo-
hydrate supplementation during the event attenuates 
 immunosuppressive hormonal and cytokines responses to 
ultra-endurance exercise [27, 33, 34].

Immunosuppression is a very important problem in endur-
ance sportsmen, particularly in RAAM racers. Respiratory 
infections are not rare complications. In athletes involved in 
heavy training, immunossupression is multifactorial in ori-
gin [13]. Athletes can be helped by a well balanced diet with 
adequate protein and carbohydrate without supplements of 
glutamine and trace elements [35].

Gastrointestinal illness, discomfort and loss of appetite 
are big problems if you are to realize extremely high nutri-
tion goals on RAAM. Our competitor transferred his whole 
life experience of feeding from his professional cycling times 
to ultra-marathon races. Gastrointestinal dysfunction could 
be extremely important in very hot climatic conditions. The 
first 12 h of racing on RAAM take place in the desert at about 
60°C, with dangers of sunstroke and muscle cramps due to 
dehydration and electrolyte disbalances. Thirst is not a suf-
ficiently sensitive marker for a ride on drinking, and water is 
not a liquid of choice for rehydration. Hypotonic sports 
drinks are the best choice for replacement of water and elec-
trolytes, especially sodium. More sodium can be ingested 
with real food, such as ham and cheese sandwich. Glycogen 
super compensation and sodium with water overload before 
the start increase the competitor’s weight by increasing body 
extracellular fluid volume as well as body weight from the 
normal 79–82.6 kg at the start of the race. At the end of the 
day, the competitor drank 17 l of sports drink, hypotonic flu-
ids, with difficulties of gastrointestinal discomfort. Sweating 
in the desert was enormous and amounted to possibly more 
than 2 l/h. In 1 l of sweat was 1,000 mg of sodium. At the 
stop, his body weight dropped to 76 kg and he was the leader 
in the race with very good speed on this section of the race. 
In the first race, it is mandatory to prevent life threatening 
hyponatremia in ultra-endurance sportsmen [29].

Supplements That May Promote Optimal 
Performance in Ultra-Marathon Cycling

Supplementation overuse is very popular. Cost-benefit is 
small. Some supplements were introduced. Supplementing 
with vitamin C can reduce free-radical generation and help 
to prevent muscle and immune-system damage. Vitamin C 
also aids in the production of anti-stress hormones and is 
required for tissue growth and repair. Our competitor regu-
larly takes 1,000 mg of C-vitamin every day. Many research-
ers recommend 250–2,500 mg/day [28]. Vitamin E prevents 
damage to cell membranes by inhibiting the oxidation of 
phospholipids. It also improves circulation, relaxes leg 
cramps and helps repair tissues. Although the optimum 
intake has not been determined, our racer regularly takes 
1,200 IU/day. The amino acid glutamine is a source of energy 
for white blood cells and other immune cells. Supplementing 
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with glutamine may lessen the effects of overtraining. In 
order that it is effective, the suggested dose is 8–20 g/day. 
Our racer regularly takes 10 g of glutamine before sleep. 
Ciwuja (Siberian ginseng) is a Chinese herb that stimulates 
the immune system. It is expensive and our competitor does 
not take this pill regularly. Caffeine in small doses, less than 
200 mg in 24 h, could be helpful. Careful use of caffeine on 
ultra-marathon races is important. Over dose and dehydra-
tion could be dangerous consequences. Antibiotics and anal-
gesics could be helpful in many situations for therapy and 
prevention of infection and severe chronical pain.

RAAM Nutrition Day Report

After rest and sleep:
1:30:  Child nutrition with milk (3×) (very popular in 

Slovenian athletes)
2:00:  750 ml of sports drink
4:00:  1 tuna sandwich
4:30:  750 ml of sports drink
4:50:  2 Kinder Bueno chocolate bars
5:30:  1 Snickers bar
7:00:  750 ml of sports drink, tuna sandwich, cheese 

sandwich
7:30:  600 ml of tea
8:00:  cornflakes (2×), multivitamins, C-vitamin, E-vitamin, 

coffee
8:30:  DicloDuo (analgesics, nesteroid anthireumatic)
10:30:  2 Duplo chocolate bars
11:00:  750 ml of sports drink
11:15:  1 tuna sandwich, 2 Duplo chocolate bars
12:00:  1 cheese sandwich, 200 ml of water
12:35:  750 ml of sports drink
13:10:  1 tuna sandwich, 1 sandwich with Nutella chocolate 

spread
13:50:  1 cheese sandwich, 1 kiwi
14:25:  750 ml of sports drink, 2 chocolate
14:45:  100 g of Bounty ice cream
15:20:  750 ml of sports drink
16:20:  750 ml of sports drink, 1 tuna sandwich, 1 Duplo 

chocolate bar
16:50:  750 ml of sports drink, 1 tuna sandwich, 100 g of 

melon
17:10:  sweet cakes, 500 ml of classical coke
17:25:  750 ml of sports drink, 100 g of melon, 3 cakes
18:15:  1 sandwich with Nutella chocolate spread
18:30:  milk rice, 200 ml of water, 1 chocolate ice-cream
19:40:  2 Kinder Bueno chocolate bars
20:10:  2 tuna sandwich, 1 sandwich with Nutella chocolate 

spread
21:30:  1 Duplo chocolate bar

22:25:  1 tuna sandwich
23:00:  1 Kinder Bueno sweet, 1 banana
23:15:  pasta with vegetables (200 g), chicken (300 g), 

450 ml of water.
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Ultra-Marathon Lower Limb Injuries

Iftach Hetsroni and Gideon Mann 

Introduction

The term “Ultra-marathon” refers to any footrace which 
extends beyond the distance of a standard marathon. However, 
most ultra-marathon races extend far beyond the distance of 
a marathon. Some extend for hundreds of kilometers, while 
in others the participants have to traverse thousands of kilo-
meters. The longest certified race is being held during the 
autumn in New York. It extends beyond 2,000 km and carries 
the name of Sri Chinmoy who immigrated to the USA during 
the 1960s, devoting his life to meditation, abstinence from 
drug and alcohol, and deep involvement in physical activity. 
There are several other ultra-marathons, some are less offi-
cial. The annual trans-America race from Los Angeles to 
New York extends beyond 4,000 km.

This race has a unique diversity of styles and rules, and, in 
fact, each participant may go as he pleases. The participant 
may walk, may run, may drag his feet, and may sleep and eat 
during the race. There are no penalties for this. However, 
precious time may be lost, so participants have to calculate 
their time carefully. It may be performed over roads, trails 
and tracks. It may be a point-to-point race, out and back race 
and some races are performed in circles, as the famous Sri 
Chinmoy which includes more than 1,000 loops of a 1-mile 
circle.

There are two principle types of ultra-marathons: in one 
type the participants cover a fixed distance at the shortest 
time, as in other running competitions, but in the other type 
they cover the longest distance at a limited time, usually 24 h 
but sometimes a week or more.

Few key points related to these races emphasize the com-
plexity of this physical and mental challenge. The first is 
related to the training distance. Although some of these ath-
letes reach 500 km of training a week, for some of these 
races it is not practical to traverse a distance close to the one 
encountered in the competition itself. Therefore, during the 
actual competition, the participants are subjected to signifi-
cantly higher loads and stresses, and therefore the occurrence 
of overuse injuries is almost inevitable. The second key point 
is related to the extreme environmental conditions to which 
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the participants are exposed. As races are performed during 
days and nights, the participants may face extreme tempera-
ture and weather changes. Extraordinary physical and psy-
chological capabilities are therefore required, and injuries 
are the rule.

Literature Reports

Three major studies examined musculoskeletal injuries in 
ultra-marathon races [1–3]. In these reports, all races were 
concluded in about 6 days and covered around a 1,000 km. 
In the Sydney to Melbourne road race report, the race was 
conducted on the same side of the road for safety reasons 
[2]. This led to higher rate of soft tissue injuries in the limb 
which was on the downside of the road slope, probably due 
to the biomechanical load and stress distribution on this 
limb. On the contrary, the track race described by Bishop 
et al. was conducted in circles of 400 m, while every 2 h the 
direction of the race was switched [1]. As a result, a lower 
rate of soft tissue injuries was described in this race, with no 
asymmetry reported between limbs. In these reports tem-
perature variation was very large, and participants had to 
survive in extremely cold and extremely hot weather condi-
tions. The number of participants was typically relatively 
low with most of them being males. The average age was 
between 40 and 50 years, typically older than that of mara-
thon runners. The term injury mentioned in these reports 
referred to a musculoskeletal injury that caused a significant 
impairment of the participant performance according to his 
or her feeling and not just blisters or muscle pains, which 
are extremely common in these competitions. The most 
common significant injuries were tendinopathies of the 
ankle dorsiflexors, the Achilles tendon, and the patellar 
tendon.

Few differences regarding musculoskeletal injuries 
were reported between road races and track races. Although 
in both types, the most common injuries involved retropa-
tellar pain syndrome and ankle dorsiflexors tendinopathy, 
the retropatellar pain was more common in road races 
while dorsiflexors tendinopathy was more common in track 
races. Another difference related to the laterality of the 
injury. In road races, the limb at the downside of the road 
camber was more likely to develop an injury, mainly retro-
patellar pain. This could have been explained by the 
increased varus tibiofemoral angle, increased supination, 
and increased rotational movements in the downside limb 
relatively to the more pronated shock absorbing position of 
the foot and decreased rotations in the upside, less injured 
limb. In track races, injury rates were similar between the 
limbs.

Ultra-Marathoner’s Ankle

Although ultra-marathoner’s ankle has been described spo-
radically in marathoners as well, the injury is considered a 
characteristic injury to ultra-marathoners. It involves tendon-
itis of the ankle and toe dorsiflexors which typically peaks 
after several hundreds of kilometers race. The maximum ten-
derness is located beneath the inferior extensor retinaculum 
of the ankle.

A suggested pathomechanism to this injury involves three 
arms: First and second arms are related to specific histologi-
cal structure and type of the muscle fibers in this area of the 
ankle, combined with the effect of muscle fatigue. Third arm 
relates to gait changes that are typical to ultra-marathon and 
different from what we know in other running races. From 
histological studies, it is known that the ankle dorsiflexors 
have a relatively low percentage of slow-twitch type-I mus-
cle fibers. With continuous aerobic effort, these muscles are 
therefore likely to develop increased fatigue relatively to the 
plantarflexors and other muscle units. As muscle fatigue 
increases in this area, tolerance to stretch loads decreases. 
Loss of the recoil characteristics and changes in muscle stiff-
ness with a reduction in neural input may lead subsequently 
to deterioration in the efficiency of the contractile elements. 
This process leads to increased loading of the tendinous 
component of the muscle-tendon unit.

As to specific gait changes, a unique “ultra-marathon 
gait” has been described. It typically starts to appear at the 
second half of the first day, somewhere around a 100 km 
race. While in walking there is always a limb which is in 
contact with the ground, during running there is the “nonsup-
port phase” where both limbs are in a nonweight bearing 
position. The “ultra-marathon gait” is a unique shuffle gait, 
located biomechanically somewhere between these two gait 
patterns of walking and running. This shuffle gait is charac-
terized by a shortened nonsupport phase compared with run-
ning, a shortened stride, diminished strength of “toe-off 
phase,” a widened base gait, and a reduced hip and knee flex-
ion during the swing. It has been suggested that these special 
characteristics reflecting the outcome of muscle fatigue, foot 
blisters, energy saving mechanisms, and specific gait pattern 
are responsible for increased dorsiflexors overload beneath 
the inferior extensor retinaculum. Other theories addressing 
the development of this unique dorsiflexors tendinopathy in 
ultra-marathoners claim that the weakness of the extensors 
leads to midfoot landing instead of heel landing, and this 
may result in a limited excursion of ankle dorsiflexors with 
increased overload over a shortened segment of tendons 
under the retinaculum. Another potential explanation for the 
development of this injury relates to eccentric overload com-
bined with local direct irritation during foot deceleration 
after heel strike with contributing factors, which may also 
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include footwear pressure, ankle swelling, excessive prona-
tion, and muscle imbalance.

While treatment for this injury includes common modali-
ties such as appropriate footwear, activity modifications, 
anti-inflammatory medications, and stretching, the extraordi-
nary endurance effort in these races and the high motivation 
of the participants make it hard to prevent.

Summary

Ultra-marathon is an extreme physical and psychological 
challenge. Most participants should expect to sustain a sig-
nificant injury that would interfere with their performance 
during the race. Musculoskeletal injuries are the main cause 
for withdrawals of participants, and the most frequent signifi-
cant ones are related to knee and ankle tendinopathies. In road 
races, it is important to notice that the leg on downside of 

camber is more injured, and therefore changing the running 
side along the road may be beneficial for organizers and par-
ticipants. Of unique importance is to remember as well that 
although musculoskeletal injuries are the most frequent con-
cern, as participants are exposed to an enormous endurance 
effort, major complications such as rhabdomyolysis, heat 
stroke, and cardiac arrhythmias should not be overlooked.
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Motorsport Injuries, Current  
Trends and Concepts

Laszlo Gorove 

In this chapter you can read about the following topics:

Motorsport injuries: Why is it special?
Safety first
The mechanism of injury
Extrication
Injuries

Head injury –
Spinal trauma –
Thoracic injury –
Abdominal trauma –
Extremity and pelvic trauma –
Burns –

Summary

Motorsport Injuries: Why Is It Special?

Motorsport vehicles are not only high-tech productions, with 
a lot of safety constructions, but also high speed vehicles, 
mostly many times faster than normal traffic vehicles. In the 
event of an accident, the kinetic energy of motion will be 
absorbed, and this absorption of energy is the basic compo-
nent of injury. The injury may be penetrating or blunt. 
Because of the very professional safety features and equip-
ment by motorsport (seat belts, Kevlar seats, airbags, and so 
on) penetrating trauma is not so common, as at the “normal” 
street accidents [11].

Safety First

It is very important, to look for safety, for both the injured 
person(s) and providers. The first decision is to determine the 
safe place for the medical and other intervention vehicles. 
In a normal traffic accident situation, we try to save our vehi-
cles, and place them facing away from the scene, to make 
it convenient to load the injured and leave quickly (Fig. 1).
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In a trackside situation, where mostly the race is going on, 
only the ambulance car should stay in its position, all other 
intervention vehicles and all those working at the scene 
should stay safe, and also protect the injured (Fig. 2) and 
should not obstruct access to the patient, the engine should 
be left running, and visible warning lights should be on, and 
additional safety clothing has to be worn if it is necessary.

The next step is to verify if it is safe to approach the 
injured. The following should be considered:

Is the crashed vehicle(s) stable?
Is there danger of fire?
Is there danger of electrocution? (Some of the Formula one 
cars have KERS – Kinetic Energy Recovery Systems – 
which can have 400 V DC. On the F1 tracks the first inter-
vention teams have to wear electrical protection gloves 
(EN60903, class 0), electrical protection footwear, and 
have rescue hook, and electrical protection blanket.)
Is there a danger of toxic or chemical substances?
Are the surfaces you have to work dangerous or slippery? 
(Oil or similar, or ice, snow on the track)
Be aware of other elements of technical rescue work  
(cutting equipment)

Never enter a dangerous area without protection, and alone! 
If the scene is not safe, try to remove the patients from the 
scene as soon as possible, without putting yourself in danger.

The Mechanism of Injury

After determining that the scene and the approach to the 
injured are safe and that you have all protection you need, 
begin to assess the mechanism of injury. Reading the wreck-
age, reconstruct the mechanism of injury, and thinking about 
the forces that could be involved can prevent overlooking the 
injuries and help treating them before the compensatory 
mechanisms of the injured are exhausted. This is very impor-
tant by a motorsport accident, because, here the first inter-
vention vehicle is very fast on the scene, perhaps only a few 
seconds after the accident [13].

In conventional medical practice, 90% of making a diag-
nosis is accomplished by obtaining a complete and accurate 
history. The same can be said when dealing with a race vehi-
cle accident [7].

At every collision, we have to think about the three colli-
sion concept [3]:

1. Vehicle collision (vehicle to vehicle)
2. Body collision (body to vehicle)
3. Organ collision (the energy of body collision will be 

transmitted to the interior organs)

At the same time it is necessary to determine the number of 
injured persons. Do not forget: you need one ambulance for 
every injured.

The mechanism of injury can help you to make a decision 
to call medical helicopter to the scene.

The following table summarizes the possible injuries after 
several crash situations: (Table 1) [1, 3, 7]

Extrication [7, 15]

Extrication means: remove the injured from the vehicle as 
rapidly as his or her condition and as the situation allows.

The goal of extrication is: to make possible primary sur-
vey as soon as possible, (if necessary during the extrication) 
and to avoid additional injuries.

Because the extrication is a process that is very important 
and not used every day, most races have one or more 
Extrication Team. This team is organized by well-trained 
personnel and the extrication itself is always directed through 
a physician.

Mostly FIV (fast intervention vehicle) will arrive first at 
the accident, and will perform an initial assessment of the 
injured. The FIV doctor applies a manual cervical spine 
immobilization (Manual Inline Stabilization – MILS) and 
removes the helmet if possible.

After the arrival of the extrication team, the FIV doctor 
briefs the leader physician of the team and they make 

Fig. 1 Safe place for an ambulance car in a normal traffic accident

Fig. 2 Placing the medical car, and ambulance in a trackside situation
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a decision about further extrication strategy. The leader of 
the extrication procedure is the FIV physician. He also has to 
inform the Race Control and order the ambulances when 
they need to transport the victim(s), and if it is necessary, call 
a helicopter. He also informs the Medical Center, if it is 
available on the track.

All the extrication teams must have special equipments:
Cervical Collar
Kendrick Extrication Device® (KED) and/or Related 
Devices (e.g., Shoehorn® Extrication Device)
Long spine board (or similar as: Reeves sleeve, Miller 
body splint)

Table 1 Some mechanism of injury and their consequence on the vehicle, with potential injuries

Mechanism of injury Signs on the vehicle and occupants Potential injury

Frontal impact Steering wheel deformation (look under the 
airbag!) (Fig. 3)

Head injury, skull fracture
Lacerations of the mouth or chin
Cervical spine fracture

Dashboard knee imprints Airway damage

Windscreen deformity (spider) (Fig. 4) Pneumothorax (“paper bag effect”)
Sternum fractures combined with thoracic spine 
fracture

Displaced or reformatted rearview mirror Rib and clavicle fractures
Flail chest
Aortic disruption
Myocardial contusion
Spleen or/and liver laceration
Knee fracture or luxation
Hip luxation

Front quarter oblique impact Front and side deformation of the vehicle The same injuries as in a frontal impact, but in 
this case the car absorb more energy, so the 
severity of the injuries can be lower. Direct 
fractures to the lower limbs are frequent [7]

Similar as frontal impact

Rear impact A standing, or slow vehicle is hit from behind  
by a moving or faster vehicle

Cervical spine injury
Whiplash injury should be prevented if a correctly 
adjusted HANS® (Head and Neck Support) is 
available

This type of mechanism can occur during a start 
procedure [7]

Head, and brain injury (Coup – contra coup 
mechanism)

T-bone (side impact) The vehicle is hit from the side (Fig. 5) Shoulder injury
Clavicle and/or upper arm fracture

The location of the impact helps to determine the 
type and severity of the injuries

Rib fractures on the side of impact, lateral flail 
chest
Lung contusion
Pneumothorax
Aortic disruption
Diaphragmatic rupture
Pelvic and hip fractures
Blunt abdominal trauma
Head injuries (from the side)
Contralateral neck sprain

Rollover (overturned vehicle) Usually a combination of accident types [7, 12] Spinal injury (vertebral compression fractures)

Occupants are also likely to be found inverted but 
held in place by their seat belts

Because the lot of combination of roll over forms 
(longitudinally, laterally or diagonally) any other 
kind of injuriesWatch for loose objects inside the vehicle!

Ejection Driver or/and co-driver out of the vehicle Exposure to all injury mechanisms with a very 
high (80–90%) mortality [3, 12]

Spectator, marshal, etc. versus car Bumper, hood and windscreen deformity Head injury
Thoracic and abdominal injury
Fracture lower extremities (Waddel triad)
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Scoop stretcher
Vacuum mattress
FIA Extrication Bag (On Formula 1 and GP 2 events 
where extricable seats are used) [7]

A carbon fiber head board −
Two orange straps, each with a clasp at each end, for use  −
with the lap and pelvic buckles of the extricable seat
Two red straps, for use as chin and forehead straps when  −
attaching the casualty’s head to the headboard of the seat
Black or blue straps to bind the hands and ankles of the  −
victim prior to extrication
Four black lifting straps with D-ring karabiners −
A 4 mm Allen wrench −

The steps of extrication are:
(A detailed description of these steps can be found in 

Hartstein [7])

1. MILS
2. Removing steering wheel
3. Helmet removal (This can be problematic in closed cock-

pit racing cars because the very limited space above the 
drivers head.)

4. Removing of the HANS® (if it’s being worn) (Fig. 6)
5. Adjusting a rigid cervical collar
6. Cutting seat belts
7. Removing cockpit head surround, or cutting the cockpit 

by closed cars
8. Extrication with extricable seat, or KED, or other devices, 

depending on car type and situation

Note: Because even a correctly adjusted cervical collar allows 
up to 40–50% of neck motion, MILS must be continued until 
the head is fixed to a proper fixation device [8, 9, 13]. Also 
high-flow oxygen should be given as soon as possible.

What are the three types of extrication [7]:

1. Crash extrication (Emergency extrication) If the injured’s 
life is in immediate danger (cardiac arrest, tension 

Fig. 3 Steering wheel deformation

Fig. 4 Windscreen deformity (spider)

Fig. 5 Side impact (T-bone) from a vehicle
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 pneumothorax, respiratory distress, severe hemodynamic 
shock), or the situation is dangerous (fire, danger of explo-
sion, uncontrollable oncoming traffic, etc.). In this situa-
tion, the victim will be held grabbing his/her overalls and 
removed from the vehicle as fast as possible.

2. Rapid extrication (Urgent extrication) probably the most 
common kind of extrication. This is more rapidly than 
elective extrication, but needs more time as crash extrica-
tion. Manual inline immobilization is provided, helmet 
will be removed, and a cervical collar is placed. After this, 
the victim will be mobilized on a long spine board (LBS) 
and secured by straps and head blocks.

3. Elective extrication (Fig. 7) When the victim is fully sta-
ble and the situation is saving, this kind of extrication 
should be used. Here, we can use the extrication seat, 

KED, or similar devices. (For a detailed description of 
using  extrication seat or KED you can read Medicine in 
Motorsport [7]).

Injuries

In this chapter, we focus on the severe injuries and the initial 
management because the treatment is not special in the 
motorsport, but same as in every other situation. This chapter 
will also not enter into details of the physiology and anatomy 
of the injuries.

Head Injury

Head injury is the most common type of trauma in motor-
sport events [16]. The aim of the interventions on a track is 
to realize the primary head injury and prevent secondary 
injury as well as possible. Primary injury occurs directly as a 
result of the forces according to the accident. Secondary 
injury is caused by the consequences of the primary injury, 
which are: mainly hypoxia and hypotension [15].

The goal of the first intervention is to keep the systolic 
blood pressure over 90–100 mmHg, not allow the SaO

2
 to 

become less than 90–95% (every TBI patient should receive 
100% oxygen), and if an end tidal CO

2
 monitor is available, 

keeping the CO
2
 between 35 and 40 mmHg [3, 14].

Steps of the Head injury management:

1. Securing airway with the protection of the cervical spine 
and ensuring good oxygenation (give 100% O

2
)

2. Extrication and stabilization (on LSP or vacuum mattress 
because the head-injured patient is particularly at high 
risk of spinal injury.)

3. Considering sedation if it is necessary (Do not forget to 
record the neurologic status – Glasgow Coma Score 
(GCS), focal weakness or paralysis, pupils – before  
sedation)

4. Monitoring blood pressure and SaO
2

5. Securing IV access (two large-bore catheters) Note: Avoid 
hypotension

6. Hyperventilation should only be used on patients with 
signs of cerebral herniation. (CO

2
 level should be about 

25 mmHg) [3, 15, 16]

In case of a severe head injury (GCS 3–8), the injured 
needs an urgent transport to a hospital with neurosurgical 
capability and CT scan.

Fig. 6 HANS (Head and Neck Support)

Fig. 7 Extrication team exercise on the Hungarian GP
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For a moderate head injury (GCS 9–13), the patients must 
also receive care in a hospital with neurosurgical capability.

Patients with a mild head injury (GCS 14–15) should have 
CT scanning, and the opinion of a neurosurgeon should be 
sought when possible [7].

Spinal Trauma

It is necessary to stabilize the spinal column of all patients 
who sustain major trauma. A spinal cord injury is suspected 
based on the mechanism of injury and:

Neck or back pain
Tingling or numbness
Loss of movement or/and weakness
Obvious deformity of the spinal column
Loss off sensation
Loss of control of bladder or bowels
Erection

Because it is impossible to exclude the presence of a spinal 
injury at the scene, the essential principle of management is 
to maintain full spinal immobilization, with one of the Spinal 
Motion-Restriction devices (SMR) as mentioned at the extri-
cation above [7, 10]. All dangerous movements as flexion, 
extension, bending, and rotation are to be avoided.

If it is necessary to use sedatives, the neurologic status of 
the patient must be recorded, and documented prior to induc-
tion of anesthesia [4, 5].

Thoracic Injury

The importance of the thoracic trauma is that airway and 
breathing are nearly always involved and it means two initial 
priorities in the ABC management. In motorsport accidents, 
the result of the mechanisms of injury is mostly a blunt tho-
racic trauma.

The following injuries should be detected and treated during 
the primary survey (the first six of the “deadly dozen”) [2, 3]

1. Airway obstruction
2. Open pneumothorax
3. Flail chest
4. Tension pneumothorax
5. Massive hemothorax
6. Cardiac tamponade

The following procedures should be done at the scene, and/
or in the Medical Center:

Airway management
Ventilation
Administering high flow oxygen
Decompression of tension PTX
Seal sucking chest wounds
Stabilizing flail chest
Analgesia
Fluid resuscitation (two large bored IV access)
Stabilization of impaled objects
Chest drain insertion under controlled circumstances
Focused Assessment by Sonography in Trauma (FAST) 
ultrasound at the Medical Centre
A 12-lead electrocardiogram in case of blunt chest injury

Abdominal Trauma

An abdominal trauma with intra-abdominal (organ) injury is 
a significant source of morbidity and mortality in the victim 
of motorsport trauma, because it is often the source of not 
visible bleedings. Abdominal injuries represent 10% of all 
injuries in trauma patients, but are responsible for 25% of the 
mortality [15].

The definitive treatment of abdominal injuries will almost 
certainly take place at the operating theater in the hospital. 
For these reasons, after giving attention to the mechanism of 
injury and quick trackside procedures, a rapid transfer to the 
Medical Centre or hospital is necessary.

The following procedures should be done at the scene, 
and/or in the Medical Centre:

Airway management
Ventilation
Administering high flow oxygen
Fluid resuscitation (two large bored IV access)
Stabilization of impaled objects
Closing open wounds (in a case of eventration keep warm 
and wet)
FAST – ultrasound at the Medical Center

If the Medical Center has the possibility to carry out emer-
gency surgery, a laparotomy can be carried out, but only, if 
the intra-abdominal bleeding of the patient is so severe that 
his or her survival during transfer to the hospital would be 
very doubtful.

Extremity Trauma

Fractures and dislocations are painful, and also closed frac-
tures can cause dangerous blood loss (especially femur, and 
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pelvic fractures). The sharp fractured bone can cause sec-
ondary neurovascular injuries. An extremity trauma can be a 
situation for an elective extrication.

Trackside procedures:

Careful extrication
Splinting
Covering wounds
Stopping bleeding (if necessary use a tourniquet)
Fluid replacement therapy
At pelvis fractures the pelvis must temporarily be stabi-
lized with pelvic binders (S.A.M.® Sling or similar) [15]
Analgesia if necessary
Recording of neurovascular status

Amputation

In a case of traumatic amputation, it is important to conserve 
the amputated part in a sterile plastic bag placed into a con-
tainer containing ice water, (without letting the part come 
into direct contact with ice). This is then transferred together 
with the patient to the hospital.

Burns

Thanks to the new and safe techniques, fire and burns have 
not been very frequent in motorsport in the last years. 
However, initial management of thermal injuries on the track 
is essential. [7].

These are:

Securing airway (absolutely indicated at inhalation burns) [1]
High flow oxygen
Using special burn dressings (Waterjel® or similar)
Analgesia
Fluid replacement (Parkland formula)
Determining the severity and size of the burned surface 
(Rule of nine)

Summary

Motorsport is developing very quickly. Because of the many 
special situations, motorsport medicine needs practice and 
experience, to use the skills and knowledge to solve and 
manage the situations at a trackside accident.

Surely, the principles of the prehospital trauma care are 
the same as on “normal” roads, but because of the very high 
energy, the special track situation, and mostly the limited 
space in the vehicle, makes the treatment difficult, and needs 
very good coordination and continuous training of the track-
side medical personnel [6]. New trends as damage control, 
permissive hypotonic treatment, or FAST are also useful in 
the prehospital care in motorsport.
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Driver as a High Level Athlete

Fatih Küçükdurmaz 

Introduction

Medical aspects of motor car racing are not well known by 
many of our colleagues. It has been thought that it is solely a 
technological competition or medical side of these races 
cover only intervention to the accident at track. It is interest-
ing for many of our colleagues to hear that drivers have a 
high level indoor and outdoor training programs and bal-
anced and personalized nutrition. The very low number of 
studies in literature is a proof of the level of awareness about 
motorsports medicine.

Drivers must control their car while traveling at speeds of 
150–300 km/h but at the same time they must remain calm, 
regard their car’s performance, the track, and their competi-
tors when they are only centimeters away from them at that 
speed. They must also change gears, use foot pedals while 
steering their vehicle. Timing and precision of movements 
are crucial. Any mistake may cost a life. During this process, 
drivers should not forget to ingest fluids through their spe-
cially designed hydration systems and communicate with 
their pit manager on their headset radio.

It should be noted that motor car racing is much beyond 
other championships in Europe. There is also a huge number 
of categories in Asia.

In almost all of the championships around the world such 
as Formula One, Nascar, Cart World Series, Indy Car Racing, 
Turing Car Championships, World Rally Championship, and 
many others, motor car racing drivers must be aware, at every 
second of the race, of the numerous motor and cognitive 
skills simultaneously.

Muscular Strength and Effect  
of G-Force and Vibration

Some facts of motor car racing may be interesting and helps 
to understand why the drivers should be considered as high 
level athletes.

The lateral G-force exerted on a driver when making a turn 
can be as much as 5G. To understand what this exactly means, 
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here are a few facts from a Formula One race; the head and 
helmet reach the weight of 24 kg, acceleration frequently 
reaches up to 1G and decceleration while braking up to 5G. A 
Formula One car can brake from 180 km/h to 0 in 80 m which 
means 4G deceleration. Obviously, these forces acting on the 
driver require high strength in a race with 14 turns and that 
lasts for around 60 laps. The speed is less in rally races; how-
ever, there are more turns and higher magnitude of vibration.

G-force creates high stress on neuromuscular system as a 
whole [1] but especially on neck and upper body muscles at 
every turn. Because the weight of head and helmet may 
increase up to fourfold in turns, neck exercises became impor-
tant parts of usual training programs of drivers, particularly 
for high-speed track drivers. Large elastic bands are used to 
simulate the demands of high G-force acting on neck.

Most pedals in the Formula One cars are quite stiff which 
may require up to 80 kg press on the pedal, and this is repeated 
many times during a race. This requires a high strength of 
lower extremity [2]. The braking power is not produced only 
by plantar flexion but generated through the force of legs. 
That is the reason why driver’s training programs include a 
well-balanced exercise of feet, legs, and hips.

Grip strength and endurance are another important part of 
driver’s exercises programs. Backman et al. found that there 
is significantly higher grip strength in open-wheel drivers 
and rally drivers compared to physically active control group 
who are nondriving males [3]. There is no study comparing 
race drivers and other sportsmen but whatever the result 
would be, drivers need more than normal range grip strength 
for controlling steering wheel for more than 1 h in a very 
high speed race. The matter is not only strength but also the 
precise movements are crucial in order to be on the perfect 
line on the track. This is an ability in one side but also requires 
regular exercises for forearm.

Vibration causes problems mainly at vertebrae. Although 
Videman et al. reported no disc degeneration as a long-term 
effect of vibration of rally driving [13], Mansfield and 
Marshall found that 70% of rally drivers reported discomfort 
in the lumbar spine and 54% reported discomfort at cervical 
spine [9].

Drivers must have very high level fitness to have satisfac-
tory performance, that is why their programs include weight 
lifting, swimming, Swiss ball exercises, jogging, skiing, coor-
dination and balance exercises, and reaction time exercises.

Cardiovascular Fitness, Oxygen 
Consumption, and Carbon  
Monoxide (CO) Effect

In previous studies, driving heart rate has been reported to be 
very high in which driving heart rates have been found to be 
82–93% of individual maximal heart rate [4, 5, 8, 10]. 

Schwaberger reported heart rate (HR) with a mean level of 
174/min during car racing, which corresponds to 90% of the 
maximal heart rate achieved at the end of exhaustive bicycle 
ergometry [8]. Jacobs et al. have measured a mean HR value 
of 152/min when driving at competitive speed on the road 
course [4]. Lighthall et al. measured the HR during competi-
tion situation and they summarized HR to be at an average of 
169 bpm on the road course racing [8].

Increased secretion of catecholamines is thought to be 
caused by psychological stress in sports such as car racing. 
The elevated lactate level was due to a large extent by the 
catecholamines stimulation of glycogenolysis and glycoly-
sis [6]. Schwaberger measured the catecholamine excre-
tion during the race (252.3 ng/min) which reaches more 
than twice the value obtained after exhausting exercise 
(121.9 ng/min). This result explains the high HR beside 
the relatively less physical activity according to exhausting 
exercises. The competition itself, the driver’s ability to 
cope with his psychological and physical condition [8], 
and the type of race car and circuit [4] are possible reasons 
that affect heart rate.

Oxygen uptake during race driving has been measured to 
correspond to 79–83% of the drivers’ maximal oxygen con-
sumption [1]. The maximal oxygen consumption values 
obtained on the tests were similar to those previously 
reported for professional football, baseball, and basketball 
players [4].

One should not forget the carbon monoxide factor during 
a motor car race. Needless to say that CO exposure decreases 
psychomotor performance. Furthermore, Walker et al. dem-
onstrated that the combining effect of CO and heat produces 
significantly greater negative effect on the driver when com-
pared to heat alone [6].

Heat and Sweating

It is shown that high temperature decreases stage times, 
reaction times, and, at the end, performance significantly 
[11, 12] The temperatures inside the cockpit at times reach 
around 50°C especially at circuits like Sepang in Malaysia. 
Heat effect can be amplified by higher levels of humidity, 
around 75%. This is unarguably due to the loss of body 
fluids in the extreme conditions of a race. Formula One 
drivers lose approximately 2–3 l of water during a race. 
Importance of fluid level in the body has been underlined 
and it is shown that a person losing just 4% of their body 
weight can lose up to 40% of their psychophysical capacity. 
Loss of concentration is one of the most prominent effects 
of losing high amount of fluid. Due to this, in races with 
extreme conditions as in countries such as Australia, 
Malaysia, and Brazil, the fluid intake regime is arranged 
according to demands of each driver before, during, and 



Driver as a High Level Athlete 1123

after the race. Although the need of each driver may change, 
the average recommended daily fluid intake is 4 l. Drivers 
are encouraged to drink the special fluid installed in the 
cockpit with a pipe going through their helmet. The capac-
ity of the bottle is around 75 cl.

Psychological Training

There are numerous studies demonstrating the effective-
ness of psychological interventions in sports. Goal setting, 
visualization, anxiety control, effective communication, 
and team building are some of the areas that can assist 
 performance in motor sports. For motor car racing drivers, 
setting goals and reviewing track maps before the race is 
vital. This enables the opportunity for visualization and 
imagery to take place, so that the driver has practically 
driven the course many times before arriving there. This 
can be guided imagery, where drivers can follow a perfect 
race line on the track. Modern simulators are used for this 
purpose. The mind is tailored for the conditions, the car, 
and the strategy. Educating a driver about breathing tech-
niques and other thought control skills for remaining calm 
at times of pressure, such as in qualifying and at the start 
of a race, also plays an integral part of psychological devel-
opment [7] because drivers are under high psychological 
stress just before the race. There are often many people 
around a driver, such as sponsors, fans, and the media, 
before he gets into the car. After competition, confidence, 
concentration, physical state, and ability to follow their 
plan and implement skills under pressure must be 
reviewed.
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Early Rehabilitation After Surgery

nci Yüksel and Gizem rem Kinikli 

Inpatient Rehabilitation Goals

Physiotherapists (PTs) specializing in this field should have 
extensive knowledge of musculoskeletal anatomy and physi-
ology which is a basis for assessment and treatment of ortho-
pedic problems. PT should be experienced in providing 
complete rehabilitation for a wide range of orthopedic condi-
tions such as (Table 1):

Impaired posture and motor functions
Localized inflammation as in tendons, bursa, or muscle 
pain, muscle strain, and muscle tears
Joint stiffness
Fractures
Ligament strain, sprain, tears
Joint inflammation in case of osteoarthritis or rheumatoid 
arthritis....

Our ultimate goal is to achieve highest level of function 
before discharge. Also,

Inform the patients about the surgical procedure
Improve muscular strength, power, and endurance
Normalize joint arthrokinematics
Prevent bed rest complications
Prevent possible postural deformities
Provide rapid recovery
Reduce length of stay in hospital
Instruct on use of assistive devices
Improve independency in the activities of daily living, 
patient satisfaction, and quality of life

PT’s Clinical Assessment and Treatment

Physiotherapy intervention should begin at preoperative 
period with detailed clinical assessment and should continue 
until discharge. We generally assess the patients in terms of:

Functional mobility
Level of independence
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Transfer status
Need for walking/gait aides
Appropriate equipment for walking/brace, orthotics
Environmental barriers, that is, stairs
Muscle strength/motor function
Coordination, sensation, balance
Range of motion
Pain – Short-form/McGill Pain Questionnaire, VAS

Outcome Measures/Other Tests

We use some of these scales in order to evaluate rehabilita-
tion outcomes:

Hip. Harris Hip Rating Scale (HHRS), Hip Disability and 
Osteoarthritis Outcome Score (HOOS)

Knee. Knee Society Scoring System (KSS), Knee Injury 
and Osteoarthritis Outcome Score (KOOS), Knee Outcome 
Survey (KOS), Knee Pain Scale (KPS), International Knee 
Documentation Committee (IKDC), Lysholm Knee Scale 
(LKS), Cincinnati Score, Tegner Activity Score, The Western 
Ontario and McMaster Universities Osteoarthritis Index 
(WOMAC)

Upper Limb. Disabilities of the Arm, Shoulder & Hand 
(DASH), Upper Extremity Functional Index (UEFI), Simple 
Shoulder Test

Lower Limb. American Academy of Orthopaedic Surgeons 
(AAOS) Hip and Knee, Lower Extremity Functional Scale 
(LEFS)

Low Back. Oswestry Disability Index (ODI)
Quality of Life. Short form 36 (SF-36), Level of Assistance 

Scale, Functional Status Index (FSI), Functional Independence 
Measure (FIM), Barthel’s Index (BI)

Functional Tests. 6 min Walk Test, Timed Up and Go Test 
(TUG)

Preoperative Education

Preoperative exercise and education have an important role 
in the improvement of postsurgical outcomes. We have 

investigated the effectiveness of preoperative education on 
postoperative outcomes in patients with total hip arthroplasty 
(THA) in a controlled study. We found that educated group 
had higher independency level and higher ambulation capac-
ity than controls.

Rooks et al. also evaluated the effect of a short preopera-
tive exercise intervention on the functional status, pain, and 
muscle strength of patients before and after THA. They 
found that a 6-week presurgical exercise program can safely 
improve preoperative functional status and muscle strength 
levels in patients undergoing THA. They concluded that 
exercise participation before total joint arthroplasty dramati-
cally reduces the odds of inpatient rehabilitation [5].

Postoperative Interventions of Inpatient 
Rehabilitation

Postoperative physiotherapy intervention often begins in the 
room. A PT may focus not only on building the patient’s 
muscular strength and flexibility but also on balance, coordi-
nation, as well as the ability to use braces, crutches, wheel-
chairs, etc [1]. Munin et al. reported that even high-risk 
individuals were able to tolerate early intensive rehabilita-
tion with faster short-term functional milestones with less 
total costs [3].

Similarly, Weingarten et al. studied on the effectiveness of 
a practice guideline for hip surgery patients. They found that 
it helps to safely reduce acute care hospital length of stay for 
patients recovering after total hip replacement [6].

The comprehensive inpatient rehabilitation program 
includes:

Deep breathing and coughing
Practicing transfers
Joint mobilizations (Continuous Passive Motion (CPM) 
or manual)
Range of motion (ROM) exercises
Isometric muscle strengthening exercises
Proprioceptive enhancement walking exercises
Gait and posture re-education
Prescription of ambulatory aids and orthotic devices
Balance training
Endurance training
Therapeutic modalities (cold pack, US, neuromuscular 
electrical stimulation)

Prevention of Postsurgical Complications

Following surgery, postoperative complications are the 
important cause of morbidity, contributing to significant 

Table 1 Distribution of patients in 1 year in our inpatient department at 
hacettepe university

Joint arthroplasties 32%

Meniscal and ligamentous injuries 24%

Fractures 10%

Bone and soft tissue tumors 8%

Congenital deformities 10%

Developmental disorders 11%

General orthopedic diseases 4%
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increases in healthcare costs, length of hospital stay, and 
patient discomfort [2]. These complications are:

Pain and effusion
Dysfunctional compensatory postures
Muscular weakness or inhibition – disuse/misuse 
atrophy
Decreased joint ROM
Decreased musculotendinous extensibility

Prevention of Pain and Effusion

Pain and effusion are aggressively treated with cryotherapy, 
elevation, and compression applied to the incision side. After 
surgery it is very important to provide good analgesia. 
A good analgesia:

Enhances early mobilization
Facilitates rehabilitation
Provides early discharge from hospital

Prevention of Dysfunctional Compensatory 
Postures

Resting postures (i.e., to place a pillow under the knee joint) 
may lead to development of dysfunctional joint. While these 
positions minimize joint forces, they result in joint effusion. 
In contrast, greater knee extension assumes more tightly 
packed articulation, relatively increasing the articular forces 
and providing resistance to effusion [4].

Improvement of Joint ROM

Ankle dorsiflexion in knee extension with calf stretch
Heel slides
Isometric muscle strengthening exercises
Auto-assisted ROM exercises
Straight leg raise (SLR)
Inner range quadriceps exercises.

Improvement of Musculotendinous 
Extensibility

It is important to prevent postsurgical joint stiffness. Joint 
stiffness can also be prevented by repetitious, active ROM 
exercises within pain-free limits. CPM machines may be 
useful in early postoperative period of ACL reconstruction. 

CPM is also useful to reduce the swelling rather than to 
enhance the ROM in ACL patients [4].

Pain, effusion, neuromuscular inhibition, poor postures, 
and prolonged use of immobilizer result in loss of soft tissue 
extensibility. We use stretching exercises in order to prevent 
soft tissue stiffness.

Stretching exercises include iliotibial band (ITB), tensor 
fascia latae (TFL), hamstrings, quadriceps femoris, gastroso-
leus, Achilles, and pectoral muscles with a low intensity for 
20–30 s with 3–4 repetitions.

We apply various mobilization techniques to improve soft 
tissue mobility and to release soft tissue adhesions (Fig. 1).

Neuromuscular Electrical Nerve Stimulation

Neuromuscular electrical stimulation is also a useful appli-
cation to prevent arthrogenic muscle inhibition. It also helps 
to stretch tendons and gives feedback to the patient to 
strengthen his muscles (Fig. 2).

Fig. 1 Mediolateral patellar mobilization technique

Fig. 2 Neuromuscular electrical nerve stimulation technique
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Home Message

In summary the goals of physical therapy and rehabilitation 
interventions in early rehabilitation after orthopedic surgery are:

1. Reduce pain
2. Produce mobility
3. Set up and monitor training program
4. Enhance functional improvement
5. Reduce length of hospital stay
6. Reduce rate of postoperative complications

Discharge from hospital is determined by the interdisciplin-
ary team of clinicians. As standard criteria, patients are 
expected to be ambulating and performing transfers safely 
before discharge. All patients are given advice about posi-
tioning their extremity, ice application, and gait reeducation 
with walker, crutches/aids, and also stairs practice before 
discharge. They are given home exercise program, which 
will have to be performed three times/day with 20 repetitions 
after discharge until 6 week checkup.
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Late-Term Rehabilitation After Surgery

Filiz Can 

In late term, rehabilitation procedures should be designed to 
restore patients/athletes to their prior level of function or activ-
ity level within the shortest period of time possible [17, 22, 
30, 54, 59]. Adequate late rehabilitation after surgery requires 
careful assessment, strengthening of the weak muscle groups, 
stretching of the tight structures and gradual motor reeducation 
to facilitate correct timing of muscle activity [8]. For promoting 
the motor muscle activation and motor reeducation, the indi-
viduals must be trained for their strength, flexibility, coordina-
tion, co-contraction and proprioception. Then skill acquisitions 
would be established before return to sport activity [38].

Long-Term Goals of Rehabilitation

During late term, the physiotherapists must have long-term 
goals in rehabilitation program. The aims of long-term reha-
bilitation program are:

 To increase musculotendinous flexibility and muscular 
strength
To restore normal biomechanical function
To increase muscular endurance and power
To increase balance, proprioception, kinesthetic awareness
To maintain cardiovascular endurance
To ensure progressive return to functional [10, 11]

Examination

The rehabilitation program commences with the treating 
orthopedic physiotherapists selecting appropriate and vali-
dated functional outcome measures for the patients [10, 22]. 
The patients must be examined using problem-oriented med-
ical record (POMR) and SOAP format before initiating the 
rehabilitation program in the late term.

The POMR was first introduced as a documentation sys-
tem with the purpose of organizing a medical record by list-
ing patients’ problem, and then imposing SOAP-type notes 
related to the problems. SOAP model is also used as a 
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clinical decision-making tool, and this is where we wish to 
focus most of our attention. SOAP format:

S – Subjective Questioning/Examination
O – Objective Testing/Examination
A – Assessment/Diagnosis
P – Planning/Plan of the Treatment [10, 18]

Components of Rehabilitation in Late Term

Rehabilitation in late term has some components, which are 
incorporated into the overall rehabilitation program. The 
important components of late-term rehabilitation after sur-
gery are:

Muscle conditioning
Flexibility
Correction of abnormal biomechanics
Neuromuscular control (balance and proprioception)
Functional exercises and motor reeducation
Sports skills
Maintenance of cardiovascular fitness
Psychological and psychosocial support [8]

Physical Therapy and Rehabilitation  
in Late Term

In late-term rehabilitation, the goals are mostly focused on 
removing the unwanted remnants of inflammation, repairing 
the tissue, and restoring normal physiological function of the 
repaired tissue. When a modality is used to accomplish a spe-
cific goal, the modality can and should be discontinued when 
that goal has been accomplished or when the modality is no 
longer effective for the patients [8, 42].There are various 
types of applications and modalities for different purposes in 
late term of physical therapy and rehabilitation program.

Cryotherapy

Application of cold in this term is used for treatment or pre-
vention of chronic tendonitis, reactive synovitis, or hyper-
irritation of the soft tissues due to over-exercised or overload 
of the structures. A decrease in tissue temperature stimulates 
cutaneous receptors to excite the sympathetic adrenergic 
fibers to constrict local arterioles and venules. It leads to a 
decreased rate of metabolism and production of metabolites, 
as well as decreased oxygen requirements, therefore limiting 
the extension of the injury to uninjured tissues [8, 24].

Superficial and Deep (Penetrating) 
Thermotherapy

Modality usage in late term of rehabilitation is seldom more 
than pre-activity thermotherapy with an aim of increasing 
perfusion and decreasing stiffness or post-activity cryo-
therapy with a goal of minimizing any activity-related 
inflammation [42]. Superficial heating modalities such as 
hot packs, laser, paraffin bath, fluidotherapy, and whirlpool 
may be used for treatment of injuries to the extremities after 
the acute phase or postoperative later stage. In later phases, 
heat can be used to improve analgesia, promote blood flow, 
decrease muscle tone and joint stiffness. Heating certain 
afferent muscle spindle fibers causes them to have a decreased 
rate of firing, thus relaxing tonic muscle activity. Direct 
effect of heating is to increase collagen extensibility. 
Superficial techniques could be used as an adjunct, along 
with stretching or joint mobilization [8, 28] Deep heating is 
indicated in the later phases of healing to enhance local cir-
culation and to increase soft tissue extensibility. Ultrasound, 
phonophoresis, and shortwave diathermy can be used for 
increasing the intracellular metabolism [28].

Hydrotherapy/Aquatherapy

A hydrotherapy pool can be of great assistance in allowing 
exercise without the effect of gravity in a warm and relatively 
friction-free environment [8]. The buoyancy of the water 
allows the athlete to maintain and increase strength, range of 
motion, and endurance even before full weight bearing is 
allowed [28]. Because resistance increases as the speed of 
movement increases, water provides an accommodating 
resistance to exercise, making rehabilitation program safe 
for the patients. Water is also an ideal environment for car-
diovascular conditioning. After basic cardiovascular condi-
tioning techniques have been mastered, advanced techniques 
such as vertical kicking may be incorporated [53].

Electrotherapy

A large number of different electrotherapeutic modalities 
are available for the treatment in late term of rehabilitation. 
Their use varies widely between physiotherapists and is 
based on clinical experience rather than scientific evidence. 
Although modalities are claimed to decrease inflammation, 
relieve pain, increase capillarization and promote healing in 
addition to other effects of electrotherapy, there is only lim-
ited evidence as yet to support many of these claims. 
Therefore, the use of modalities continues to be the subject 
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of considerable debate. In any case, such modalities should 
not be relied on as the sole form of treatment. Laser, TENS, 
ultrasound, diadynamic current stimulation, interferential 
current stimulation, high voltage galvanic stimulation, low 
voltage stimulation (faradic, galvanic, and sinusoidal) and 
functional electrical stimulation are the electrotherapy 
modalities most commonly used in late term of rehabilita-
tion [8]. According to the results from a systematic review, 
neuromuscular electrical stimulation has evidence on iso-
metric quadriceps muscle strength [45]. Magnetic field ther-
apy, fluidotherapy, extracorporeal shock wave therapy, and 
the other new forms of modalities have also been used by 
the physiotherapists in the rehabilitation program [8, 42].

Manual Therapy

Manual therapy is a broad group of treatment in which the 
orthopedic physiotherapist applies forces directly to the mus-
culoskeletal system. The main aim of manual therapy is to 
restore pain-free full range of motion. An essential compo-
nent of all manual therapy is to assess pain and restriction of 
movement before and after each specific type of treatment so 
that treatment efficacy can be evaluated immediately. Manual 
therapy can be applied to joints, muscles, and other soft tis-
sues (including tendons, ligaments, joint capsule, and fascia) 
and neural structures. The different types of manual therapy 
used in the treatment of abnormalities of each of this system 
in late term after surgery is shown below:

1. For the joints: Mobilization, manipulation, manual traction
2. For the muscles and other soft tissues: Classical massage, 

deep or transverse friction massage, functional massage, 
manual stretching, muscle energy techniques

3. For the neural structures: Neural stretching, neuromobili-
zation [8, 16, 31]

Manual therapy for the joints is a passive movement tech-
nique that can be classified into either joint mobilization or 
manipulation in addition to traction.

Mobilization is defined as a passive movement tech-
nique performed so that the movements are at all times 
within the control of the patients who can prevent them if 
they wish. It is performed mainly as slow oscillatory move-
ments in the physiological and accessory range of a joint 
and the joint surfaces. Mobilization aims to restore full 
range of motion that is noted to be stiff and/or painful on 
clinical examination.

Manipulation is a sudden movement or thrust of small 
amplitude; it is performed at the end of the joint range at 
such a speed that the patient is unable to prevent. It is per-
formed primarily at the vertebral joints but may also be per-
formed at peripheral joints. Manipulation has higher risks 

than application of mobilization especially if performed 
inappropriately or with faulty technique [8, 16, 31, 35].

Joint traction involves intermittent or sustained pressure 
in a direction to distract join surfaces. This may also be 
applied by traction apparatus, either using weights or an 
electrical machine in addition to performing manually. 
Manual traction may have increased effectiveness with the 
use of belt [8, 31].

Massage therapy involves direct physical action on the 
soft tissues of the body, especially muscles, tendons, and fas-
cia. Classical massage by rubbing a painful area has the lon-
gest history among the manual treatment methods for the 
muscles and other soft tissues. It is used in different forms. 
They include stroking, kneading, and percussion [8, 16]. 
Massage has several positive effects, including increased 
blood flow in muscles, increased lymph flow, relaxation of 
muscles, and decreased blood pressure. Massage also can 
help to loosen adherent scar tissue and to prevent the forma-
tion of adhesions and fibrous tissue. In addition, it has a 
relaxing sedative effect on the central nervous system [27]. 
Some clinical trials suggest that massage is effective for the 
relief of chronic pain as well as for the experimentally 
induced pain [33, 48]. Systematic review on massage for low 
back pain has reported that the availability evidence is incon-
clusive due to the poor methodological quality of trials [23]. 
The available evidence of the effectiveness of massage for 
the relief of musculoskeletal pain has been found inconclu-
sive and not convincing because of combination of inade-
quate sample sizes, low methodological quality, and 
insufficient dosing in a systematic review [39].

Deep friction massage techniques provide therapeutic 
movement over a small area and one of the potential advan-
tages of deep transverse friction over other forms of massage 
is that it allows pressure to be applied to greater depth in 
muscle. It has been advocated in the treatment of muscle 
strains and tears, tenosynovitis, tendinitis, and ligament 
strains. Deep friction massage appears to be mainly as a form 
of counter-irritation, but it may improve the local blood sup-
ply and provide some degree of reaction in chronic tendon-
itis or ligament sprains. While the exact mode of action of 
deep transverse friction is not known, it has been postulated 
that it may help in achieving these goals by mechanically 
breaking down damaged tissue, inducing a traumatic hyper-
emia and inducing analgesia. The resultant improvement in 
blood flow might then accelerate healing by increasing the 
delivery of nutrients to, and the removal of metabolites from 
the injured area. It has shown that 6 days after deep trans-
verse friction, some muscle fibers remained abnormal.  
It should never be used in the early stages of healing of an 
injury or in the presence of acute inflammation [16, 25, 32].

Muscle energy techniques utilize the concepts of recipro-
cal innervations in which contraction of agonist muscles 
reflex inhibits the antagonist muscle. They also make use of 
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the principle that contraction of facilitated muscle in a length-
ened position to activate the Golgi tendon organ will result in 
reflex muscle inhibition. As a result of these two principles, 
accurately localized, low intensity, isometric contractions of 
the agonist or antagonist muscle may lead to relaxation of 
that muscle and, therefore, correction of the asymmetry and 
dysfunction.

Abnormalities of neural tension may be secondary to an 
associated soft tissue lesion or, alternatively, due to primary 
damage to neural tissues. Treatment needs to be directed at 
the soft tissue lesion and the neural tissue itself. Neural 
stretching and neuromobilization are effective method of 
restoring normal neural tension and mechanics of the ner-
vous system. They are particularly effective in longstanding, 
chronic conditions where increased neural tension is com-
mon [8].

Manual therapy has dimensional model which are tissue 
dimension, neurological dimension, and psychological 
dimension.

Tissue dimension is directly under the therapist’s hands-
skin; muscles, tendons, ligaments, joint structures; and dif-
ferent fluid systems such as vascular, lymphatic, and synovial. 
In this dimension, the therapist can expect the mechanical 
forces transmitted by the manual techniques to influence 
three principal processes:

Assist tissue repair
Assist fluid flow
Assist tissue (length) adaptation [37]

Skeletal muscle represents a classical biologic example of 
structure–function relationship; therefore an understanding of 
muscle function requires an understanding of its structure [40].

Grossly, the periarticular and synovial tissues of immo-
bilized joints consistently reveal a fibrofatty connective tis-
sue proliferation within the joint space. It is also blankets 
the nonarticulating cartilage surfaces. With the passage of 
time, adhesions develop between the exposed tissue surfaces 
as the fibrofatty connective tissue is transformed into more 
mature scar. The ingrowth of connective tissue, which fills 
the joint space, soon covers the joint surfaces. In the contact 
areas of opposed articular surfaces, mild to severe changes 
of articular cartilage are observed, depending on the rigidity 
of immobilization, the position of the immobilization, and 
most important, the degree of compression. The deterious 
effects of stress deprivation occur rapidly and are profound, 
influencing joint mechanics, biochemistry, and physiology 
in fundamental ways. In fact, composite ligament struc-
tures have not regained normal mechanical strength even 
12 months after resumption of activity. Mechanical stimuli 
by manual therapy appear to be crucial as signals to cell 
receptors that control synthesis of matrix components and 
other factors that guide extracellular organization of those 
components [1, 16, 59].

One of the crucial goals of rehabilitation is to prevent or 
at least minimize the myriad events set in motion when cells 
no longer respond to external physical forces above some 
threshold level. Therapeutic decision must be made with 
this goal constantly in mind. Whether the modalities are 
medical, surgical, physical therapeutic, orthotic, or pros-
thetic, the goal remains clear: The patient must be engaged 
in a dynamic process of mobilization at the earliest possible 
time [1, 37].

The Principles of Exercises in Late Term

According to the author’s opinion, to design a rehabilita-
tion program consisted of open and close kinetic chain 
exercises to choose most appropriate strengthening exer-
cises at optimal period of the rehabilitation duration and 
to include relevant joints, segments even all extremity in 
some cases. Physical therapists should focus on neuro-
muscular and proprioceptive training in rehabilitation pro-
gram and should not use strengthening exercises before the 
maintenance of the normal biomechanics. Cardiovascular 
fitness training is important to enhance general health 
and conditioning. Progressive advancement must be per-
formed dependent upon the physiological response and 
functional and sport/task- specific exercises are inserted 
to the program [10, 11, 56].

Muscle Strengthening Exercises

Muscle strength is the muscle’s ability to exert force. Muscle 
hypertrophy and increase in strength is dependent on five 
biomechanical and physiological factors that are all stimu-
lated by conditioning:

(a) Increased glycogen and protein storage in muscle
(b) Increased vascularization
(c)  Biomechanical changes affecting the enzymes of energy 

metabolism
(d) Increased number of myofibrils
(e) Recruitment of neighboring motor units

Together, the membrane and force generating systems are 
responsible for initiation and generation of muscle force. 
The process is known as excitation–contraction coupling. 
The force–velocity relationship states that contractile force 
is a function of muscle velocity. Fiber types of the muscle 
have some importance for the muscle contractile force and 
also for the muscle strength training.

Knowledge about fiber types is important for at least three 
reasons:
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1. Fiber type differences help explain individual differences 
in performance and response to training.

2. Fiber type differences help explain what training can and 
cannot do.

3. The relationship among fiber types, training, and perfor-
mance in elite athletes helps in design of training pro-
grams [20, 46, 50].

Physiological Adaptations of Muscle

  Neural adaptation: The first sign of muscle adaptation to 
strengthening exercises is neural adaptation. Several studies 
have demonstrated that early strength gains induced by 
resistance training are primarily due to modifications of the 
nervous system [20, 26, 46, 50]. The neural adaptations 
elicited by resistance training include decreased co-contrac-
tion of antagonists and expansion in the dimensions of the 
neuromuscular junction, indicating greater content of pre-
synaptic neurotransmitter and postsynaptic receptors [20]. 
Thus, initial gaining in strength with exercises in late term 
is mostly due to neural adaptation of the muscle fibers.
  Contractile adaptation: The turnover rate of muscle pro-
tein is one of the slowest in the body. Therefore, beyond 
the first few weeks of resistance exercises, an increased 
contractile capacity that exists within the muscle accounts 
for strength gains. The synthesis and accretion of 
 contractile proteins account for the hypertrophy that 
occurs with resistance training. This hypertrophy occurs 
mostly within the intracellular myofibrils (25–35%), in 
addition to hypertrophy within the whole muscle (5–8%) 
[20, 36].

Muscle Conditioning

The two basic principles of muscle conditioning are Specific 
Adaptation to Imposed Demand (SAID) and overload.

1. Specific Adaptation to Imposed Demand (SAID): The 
aim of the exercise/training program is to adopt the indi-
vidual to the demands of performance. The strengthening 
program should be injury-specific and sports or activity-
specific.

2. Overload: A muscle must be overloaded in order to gain 
increases in strength, power, or endurance. Depending on 
the nature of the imposed stress, muscle will become 
stronger, more powerful or develop improved endurance 
[8, 56].

There are four components of muscle conditioning:

1. Muscle strength
2. Muscle power

3. Muscle endurance
4. Motor reeducation [7, 8, 56]

Types of Exercises for Muscle Conditioning

The three main types of exercises used in muscle condition-
ing are isometric, isotonic (concentric and eccentric), and 
isokinetic.

Isometric Exercises

Isometric exercises imply that both ends of the muscle 
are fixed and that no motion results from the contraction. 
Thus, no mechanical work is performed, and energy dissi-
pated as heat. Maximal isometric tension can be produced 
at 1.2 times the resting length of muscle. Isometric tension 
falls to zero at the point of maximal shortening; it is also 
zero at twice the resting length because at this length actin 
and myosin do not overlap. A maximal isometric contrac-
tion can be held for only a few seconds; a 50% contrac-
tion can be held for approximately 1 min; and a 10–15% 
contraction can be held virtually indefinitely as an aerobic 
activity. Isometrics are used to maintain tone, to train or 
maintain a pattern of contraction, or to strengthen a par-
ticular weak point in the range of motion [19]. Isometric 
exercises are useful in a painful joint, since they can be 
performed without pain in early postoperative days. 
Isometrics may also be used in later days postoperatively 
when a muscle is too weak to perform ROM exercises, in 
conditions where other forms of exercises are not possible 
or when isometric contraction is required for stabilization. 
Isometric exercises prevent muscle atrophy by increasing 
static strength, lessen swelling through a pumping action 
to remove accumulated fluid, and may also limit neural 
dissociation of proprioceptors [8].

Isometrics, however, results in little endurance training 
and do not improve a muscle’s ability to exert force rap-
idly (rate of force development). Isometric exercises pro-
vide little stimulus for muscle hypertrophy or endurance, 
and strength training only at the joint angle being used 
[19]. It has been reported that progressive contractions pro-
duced modification of the nervous system at the peripheral 
level, whereas ballistic contractions affected the muscle’s 
 contractile properties [41].

Isotonic Exercises

Isotonic exercises are performed when the joint moves 
through a range of motion against a constant resistance or 
weight. Isotonic exercises, which are dynamic muscle 
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contractions, are the general focus of strength training. 
Most advanced strength training is done with dynamic 
contraction (concentric and/or eccentric), using the con-
stant resistance of free weights or sectorized machines. 
External work is done and is a function of how far a given 
weight is moved. There are two types dynamic muscle con-
tractions as positive dynamic contractions (concentric con-
tractions) and negative dynamic contractions (eccentric 
contractions) [8, 19].

1. Concentric: Shortening isotonic contractions are also 
described as positive dynamic contractions. A concentric 
contraction occurs when the force produced by the muscle 
exceeds the external force or load. This contraction causes 
the muscle to shorten and is the latter actions of the 
stretch–shorten cycle [20]. Muscle force decreases rapidly 
as muscle shortening takes place. Mechanical efficiency 
(the ratio of external work performed to extra energy pro-
duced) of this kind of contraction is generally 20–25%, 
with the rest of the energy dissipated as heat [19]. 
Concentric-only strengthening does not produce as much 
exercise-induced muscle injury as eccentric action, mus-
cle performance would be decreased [14, 20].

2. Eccentric: Lengthening concentric contractions are also 
termed as negative dynamic contractions. Muscle force 
rapidly rises as a muscle is stretched. This type of con-
traction is very common physiologically and occurs, for 
example, during running, as eccentric contraction of the 
quadriceps decelerates the body after foot strike. Thus, a 
muscle generates more force during an isometric contrac-
tion than in concentric contraction. Also if a muscle is 
forced to lengthen, it sustains even greater forces than in 
shortening. This may provide insight into why eccentric 
contractions are very useful in strengthening skeletal 
muscle during exercise. Under some circumstances, 
mechanical efficiency can be as high as 60%. It is increased 
by increased stretch velocity. The usual range of the short-
ening or the lengthening falls between 0.7 and 1.2 times 
than the normal resting length. Thus, maximal tension can 
be achieved at physiologic ranges. The tension decreases 
with shortening and increases with lengthening. The high-
est force is generated by a fast eccentric contraction and 
lowest by a fast concentric contraction. Eccentric contrac-
tions can generate greater force and power than concen-
tric contractions at any given velocity of stretch. In fact, 
an integrated electromyography (EMG) shows less activ-
ity for the same force level in eccentric contraction than in 
concentric contraction. In addition, there is less oxygen 
consumption, and greater mechanical energy is produced 
than for similar concentric contraction [19]. During 
eccentric actions, a greater force is produced by the active 
muscle mass as it performs negative work in resisting 
gravitational forces to decelerate the body. Eccentric mus-
cle actions produce less lactate and seem to be necessary 

for increasing muscular mass during resistance training; 
however, eccentric muscle activations result in a greater 
amount of delayed onset muscle soreness than concentric 
contractions. It is therefore recommended that both con-
centric and eccentric muscle actions be included during 
resistance training for the purpose of increasing muscular 
strength in a functionally relevant manner. Besides this 
eccentric–concentric coupling in muscle action is used in 
many sporting activities such as the eccentric quadriceps 
contraction performed before performing a standing jump. 
Eccentric programs should commence at very low lev-
els and progress gradually to higher intensity and vol-
ume. Eccentric exercises can be initiated and used with 
gradually progressed in the late term after surgery safely 
unless failure of the surgery or some complications 
[7, 8, 20, 57].

Isokinetic Exercises

Isokinetic exercises, or accommodating variable-resistance 
exercise, are performed at a speed, with resistance matching 
the input of force at that speed. Isokinetic velocity spectrum 
rehabilitation approach is used during the final stages of 
rehabilitation, when motion has been normalized and joint 
protection is under a state control. Isokinetic exercises are 
performed on devices at a fixed speed with a variable resis-
tance that is totally accommodative to the individual through-
out the range of motion. The velocity is, therefore, constant 
at a preselected dynamic rate, while the resistance varies to 
match the force applied at every point in the range of motion. 
This enables the patient to perform more work than is pos-
sible with either constant or variable resistance isotonic exer-
cise. It allows maximal, yet completely safe, dynamic loading 
of the joint’s ROM in order to assess the performance capa-
bilities of all fiber types of all motor units in the knee muscu-
lature. These performance capabilities may be quantified in 
terms of a number of measurement variables that reflect 
muscle strength, power, and endurance functions, such as 
peak torque or force, average power, total work, performance 
as a percentage of the patient’ s body weight, agonist/antago-
nist and ipsilateral/contralateral performance ratios, acceler-
ation energy, and energy ratios. Isokinetic exercises can be 
performed at different speeds. As with the isokinetic short-
arch isotonic approach, exercises progress along a velocity 
spectrum from a lower to a higher speed and then regresses 
back to a lower speed. However, isokinetic velocity spectrum 
rehabilitation program is different in that speed advancement 
occurs up to the highest speed that can be achieved on an 
individual isokinetic dynamometer system. Some machines, 
for example, KinKom® and Cybex®, allow eccentric isoki-
netic exercise to be performed as well as concentric. These 
devices also provide continuous passive motion, isometric 
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exercises, multiple joint exercise testing, visual graphic 
feedback, and numerical and graphic readouts. The main 
disadvantages of isokinetic devices are their cost and the 
fact that the exercises are not functional [8, 17, 54].

Closed Kinetic Chain (CKC) Exercises  
in Intermediate and Late Period

A closed chain exercise is performed when the limb is fixed or 
maintains contact with a ground reactive force [7, 8, 10, 11]. 
Physical therapy protocols take advantage of the force-gener-
ation and loading characteristics of CKC exercises. CKC 
exercise protocols have characteristics that stimulate these 
biomechanical and physiological requirements. Mechanically, 
they initiate joint movements from the ground or a base of 
support, emphasize sequential control of segment position or 
motion, place the segments in functionally correct positions, 
and control the transfer of generated loads. Physiologically, 
they utilize both length-dependent and activity-specific 
force-dependent activation patterns, and emphasize position-
specific proprioceptive feedback. CKC exercises have also 
been shown to be protective for healing and repaired tissues. 
They produce minimal translation, shear, and distraction 
forces due to the compressive nature of the applied load and 
the greater control of the resultant motions. Thus they may 
be utilized early in the rehabilitation sequence to protect 
injured area, and also to be used in later periods. Different 
levels of exercises may be used in the intermediate (recov-
ery) and the late (functional) phase of rehabilitation, depend-
ing on the degree of tissue healing, the possible position of 
the extremity, and the amount of load and the range of motion 
that are allowed.

There has been wide variety in their application, but in 
general, closed-chain protocols include a progression of 
exercises that are based on application of a load to the distal 
end of an extremity that does not move freely due to either 
positioning. For instance CKC exercises for the lower 
extremity can be progressed as bilateral resisted mini squat, 
bilateral deep squat, unilateral mini squat, unilateral calf-
raise, unilateral weight bearing, step-up and step-down, stair 
master, lateral step-up, and half squat. Some equipment such 
as sliding board, tilt board, wobble-board, trampoline, and 
gymnastic ball can be also used during the CKC exercises [34]. 
Procedures involving a closed lower extremity kinetic chain 
may be instituted as exercises that stimulate normal functional 
activities, thereby reintroducing the person to the usual 
demands of life. Work conditioning or work hardening may 
also be initiated at this time as an effective bridge to return to 
activity phase [54]. Comparisons and differences between 
CKC exercises and OKC exercises generally deal with con-
cepts to specify, especially as related to gravitational effects, 

biomechanically consistent stress, and strain characteristics, 
proprioceptive feedback, velocity, and stabilization [7, 17]. 
A systematic review has concluded that CKC exercises must 
be included in the first 6 weeks of rehabilitation of ACL-
reconstructed patients [61]. The studies have advocated that 
the appropriate combination of CKC and OKC exercises in 
the exercise program is crucial to have successful outcome of 
the rehabilitation, although some studies have revealed that 
CKC exercises had good or better outcomes without detri-
mental effects or with less anterior tibial translation and ACL 
strain in rehabilitation (especially in early phase) of ACL 
reconstructed patients [4, 7, 8, 34, 43, 45].

Results of Strength Training

There are neural, contractile, and muscle fiber-type adapta-
tions with strength training.

Resistance exercises are potent stimulus to increase the 
size of muscle. For a muscle to become larger, it must either 
increase in cross-sectional area (hypertrophy), or increase 
the number of muscle fibers (hyperplasia) [20]. Muscle 
hypertrophy is an increase in muscle cross-sectional area 
caused primarily by increases in the size of the specific mus-
cle fibers that are recruited to work during physical activity. 
Since fast twitch (type II) muscle fibers tend to achieve 
hypertrophy to a greater extent than slow twitch (type I) 
fibers, it is imperative to overload the muscle in a manner 
that recruits an abundance of fast twitch fibers. Muscle 
hypertrophy results from an increase in protein accretion, 
through an increase in protein synthesis and a decrease in 
protein degradation. Muscle hypertrophy is at least partially 
a function of the hormone response and the inclusion of 
eccentric exercises in the training program. Noticeable 
hypertrophy may take more than 2 months to develop. 
Hypertrophy becomes evident by 6–8 weeks of training in 
relatively untrained persons.

Most early adaptations to resistance training are related to 
central and peripheral nervous system adaptations and 
increases in voluntary muscular strength. Increases in func-
tional muscle mass complement with nervous system adap-
tations to increase voluntary muscular strength. Ultimately, 
it is the combination of muscular hypertrophy and central 
and peripheral nervous system adaptations that influence the 
individual’s muscle strength increases [7].

As a result of strength training exercises, physiological 
adaptations of muscle result in an increase in strength. These 
adaptations include hypertrophy (within the first 6–8 weeks), 
hyperplasia, hormonal changes, increase in the connective 
tissue surrounding the muscle fibers, disruption of the myo-
filaments, neuromuscular changes (within the first 2 weeks 
of training). In addition, metabolic adaptations occurring 
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within the muscle the muscle fiber increase the ability of the 
muscle to generate ATP for anaerobic metabolism [20].

A summary of systematic reviews on therapeutic exercises 
showed that there is strong evidence that therapeutic evidence 
was effective for patients with osteoarthritis, subacute and 
chronic low back pain, and after lumbar disc surgery. There 
were also indications with limited or moderate level with 
neck pain, whiplash associated disorders, fractures, shoulder 
pain, patellofemoral pain, and ankle sprains [52].

Endurance Exercises

Muscle endurance is the muscle’s ability to sustain contrac-
tion or perform repeated contraction. Endurance condition-
ing should be included in conjunction with the strengthening 
program. To gain muscle endurance it is necessary to stress 
the aerobic pathways to improve the oxidative enzyme capac-
ity of the slow twitch muscle fibers and increase the density 
of mitochondria in the muscle fibers. This requires low load, 
high repetition exercises. The amount of resistance can be 
increased gradually. This will stimulate cellular adaptation 
and facilitate strength gains. Cycling, swimming, and spe-
cific low load, high repetition isotonic or isokinetic exercises 
or circuit training can be used for maintaining endurance. 
The muscular endurance response to training only occurs in 
the specific muscles used in the exercises, there is no cross-
over effect [2, 7, 8].

Flexibility and Stretching Exercises

Flexibility is defined as the ROM in a joint. Flexibility 
implies an ease of attaining a certain range of motion against 
resistance from the physical properties of tissue [8]. 
Flexibility refers to the capacity to move muscles and joints 
through a full range of motion [57].

Two basic types of flexibility exist: static and dynamic. 
Static flexibility describes the degree to which joints may be 
passively moved to the end points of range of motion. Static 
flexibility is important for injury prevention. Dynamic flexi-
bility is the degree to which a joint can be moved as a result 
of muscle contraction [8]. Dynamic active flexibility 
describes the ability of a body part to move quickly, whereas 
passive flexibility describes the amplitude of a range of 
movement.

The muscle-tendon unit is the key structure in flexibility. 
Because it must withstand forces greater than body weight 
delivered over a small area, injury is usually due to inade-
quate dynamic flexibility and overuse syndromes [19, 47]. 
Presently, however, there is no conclusive evidence that high 

levels of flexibility or improvements in flexibility either pro-
tect against injury or reduce the severity of the injury. Indeed 
some data indicate that hypermobility, or loose ligamentous 
structure may predispose some individuals to injury or low 
back pain. Nevertheless, individuals with poor flexibility for 
the task they are expected to perform probably have an 
increased risk of exceeding the extensibility limits of the 
musculotendon unit [47]. Regaining full flexibility of joints 
and soft tissues is an essential component of the rehabilita-
tion process. Following injury or surgery, musculotendinous 
flexibility is decreased as a result of spasm of surrounding 
muscles. This may result in dysfunction of adjacent joints 
and soft tissues. Adequate soft tissue extensibility after sur-
gery or injury is essential for pain-free tissue excursion dur-
ing movements. Adequate joint mobility allows normal 
kinesiological relationship between limb segments during 
activity [8]. It has been shown that there is a positive correla-
tion between lateral tightness and pain intensity level in 
patients who have undergone total knee arthroplasty. The 
authors have also found negative relationship between lateral 
tightness and functional score of the knee [12].

Stretching is used primarily to regain musculotendinous 
flexibility in preventing those problems due to tightness or 
loss in flexibility [8]. Stretching involves the elongation or 
increased extensibility of the muscles and tendons by mov-
ing parts of the body, generally to the end of the available 
ROM. Whereas stretching refers to the process of elongation 
of muscles and other connective tissues, flexibility generally 
refers to the amount of normal motion availability. The 
amount of stretching that takes place is dependent on the 
physiology of the muscles and connective tissue. Stretching 
also affects different sensory organs in the muscle and ten-
don, resulting in important neurophysiological phenomena. 
Although the resultant muscle and tendon lengthening serve 
to gradually increase flexibility, other types of adaptations 
may occur from a regular stretching program. Flexibility is 
maintained through regular and proper stretching regimens 
and will diminish over time if tissues are not stretched or 
exercised. Therefore, a loss of flexibility would result in a 
decreased ROM about a joint secondary to a decreased abil-
ity of the muscle to deform [57]. Muscle spindle learns this 
new position when muscle is immobilized in shortened/
lengthened position. Inhibition techniques can be used for 
shortened muscles, and facilitation techniques for length-
ened muscle in the rehabilitation program. Gentle stretching 
is essential for the shortened muscle since rapid or aggres-
sive stretching has a facilitator effect. Isometrics for length-
ening muscles provide keeping the tension in the muscle 
spindle [35].

Stretching techniques have evolved over recent years to 
include numerous options for improving flexibility. The 
stretching options available can be divided into three catego-
ries: static (active or passive), ballistic, and neuromuscular 
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facilitation. In addition, each of these methods can be com-
bined with various therapeutic modalities [20, 35].

Static stretching is the most common form of stretching 
and is a technique used to safely increase the ROM in a joint 
by sustaining a controlled muscle stretch. In static stretching, 
the stretch position is assumed slowly and gently and held 
for 30–60 s. The stretch should be tolerable and should not 
elicit pain or discomfort. It is recommended that the muscle 
be stretched slowly and with a low force, either externally or 
internally. Active stretching involves the muscle (series elas-
tic) components while passive stretching involves the non-
muscular (parallel elastic) components (myofascial, 
ligaments, and joint capsules) as well as the series elastic 
components.

Ballistic stretching and dynamic stretching exercises are 
the other forms of stretching. In a ballistic stretch, the muscle 
is stretched to near its limit, and then stretched further with a 
bouncing movement. The disadvantage of this stretch is that 
the quick bouncing causes a strong reflex muscle contraction. 
Stretching a muscle against this increased tension heightens 
the chances of injury. Therefore, this technique is not com-
monly used. Ballistic stretching may be used, however, by the 
athletes in the latter stages of a stretching program. It should 
be preceded by adequate warm-up and slow static stretching.

The last technique to facilitate ROM increase is proprio-
ceptive neuromuscular facilitation (PNF). These stretching 
techniques use volitional contractions in an attempt to 
increase ROM by minimizing the resistance attributed to the 
spinal reflex pathways. Theoretically, PNF techniques 
increase ROM through the stimulation of the proprioceptors. 
Voluntary isometric contraction of the stretched muscle group 
leads to self-inhibition of that muscle (autogenic inhibition) 
through the Golgi tendon organ reflexes. So, at the same time 
the agonist muscle (e.g., hamstrings) is facilitated, the antag-
onistic (e.g., quadriceps) muscle is inhibited or relaxed. This 
reciprocal inhibition of the antagonistic muscle combines 
with Golgi tendon organ facilitation to produce a greater 
muscle relaxation by inhibiting reflex activity [8, 35, 57].

Some crucial guidelines and precautions should be fol-
lowed in stretching:

1. Warm up the tissue prior to stretch
2. The stretch should be comfortable and not to the point of 

pain ( not overstretch)
3. Flexibility is specific to each joint, so a stretching pro-

gram should consider all the joints that will be involved in 
the exercises

4. Use pain as a guide and exercise caution when stretching 
areas around known pathologies or disorders

5. Be specific about proper stretching technique and 
positioning

6. Stretch agonists as well as antagonists to avoid muscular 
imbalance

7. Adhere to the individual guidelines for the different types 
of stretching to ensure safety and effectiveness

8. Stretch before and after exercise
9. Do not use if there is recent fracture, limitation of joint 

motion by a bony block, hematoma, or other indications 
of tissue trauma [17, 35, 57].

Proprioceptive Exercises and Neuromuscular 
Training Programs

The purpose of the neuromuscular training program may 
be to prevent injury or to return the injured patient to pre-
injury activities either nonoperatively or postoperatively. 
Several training techniques have been used including bal-
ance training, functional training (jump and agility drills) 
technique instruction, and perturbation training [3, 6, 11, 
29, 44, 49, 56].

Proprioception plays an important role in moderating the 
function of the muscles.

Intact joint position sense enables joint stabilization and 
appropriate muscle activation resulting in smooth motion. 
Proprioception describes the awareness of posture; move-
ment and changes in equilibrium; and the knowledge of posi-
tion, weight, and resistance of objects in relation to the body. 
Proprioception is considered a specialized variation of the 
sensory modality of touch and encompasses the sensations 
of joint movement (kinesthesia) and joint position (joint 
position sense) [21, 55]. The goal of proprioception training 
in late term of rehabilitation is to reestablish stability or 
dynamic neuromuscular control and should emphasize a 
return to functional or sport-specific exercises. When physio-
therapists select exercises for restoring proprioception and 
dynamic stability, restoring function to the individual should 
remain at the forefront. Exercises chosen should then focus 
on an individual’s deficits in strength, ROM, and balance and 
most importantly on the individual’s ability to meet demands 
of stability while performing daily or sporting activities. Any 
number of exercises will elicit proprioception training based 
on the fact that deformation of the joint mechanoreceptors 
occurs with active, active-assisted and passive movements 
providing sensory input to improve neural mechanism 
[17, 55]. According to the studies of Lephart and others, 
both conscious and unconscious proprioception are essen-
tial for proper joint function in sports and other daily tasks 
as well as for reflex stabilization [6, 38].

Dynamic joint stability is the result of neuromuscular 
control and proprioception, while postural control is the 
result of integrated visual, vestibular, and proprioceptive 
inputs. Consequently, any disruption in mechanoreceptor 
input that affects proprioception will negatively affect 
dynamic joint stability and posture [21, 29]. The function of 
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joint receptor is to protect the joint from damage incurred by 
going into the pathologic range of motion. They are also 
partly responsible for determining the appropriate balance 
between synergistic and antagonistic muscular forces and for 
generating an image of body positioning and movement 
within the central nervous system [28, 55, 56].

For the healthy athlete, high levels of proprioception can 
contribute to enhanced neuromuscular control and func-
tional stability, thus decreasing the risk for injury. For the 
injured athlete, restoration of proprioception is critical to 
ward off repetitive injury. Therefore, proprioceptive training 
plays a key role for the patients/athletes in both injury pre-
vention and rehabilitation [5, 29, 38, 51]. A systematic 
review investigated the effect of proprioceptive and balance 
exercise on outcomes following injury and surgical recon-
struction of ACL. They found some evidence on propriocep-
tive and balance exercises which improved joint position 
sense, muscle strength, knee functions, proprioception, and 
hoop testing [15].

Stable-based (tilt-board, wobble-board, etc.) and unsta-
ble-based equipments (sling-board, Profitter, Euro-glide), 
gymnasium balls, trampoline, or various spring systems as 
well as sophisticated proprioception and balance devices 
(KAT, BAPS, etc.) can be used for improving propriocep-
tion. Walking or other exercises on soft cushions or mats, 
grounds with different sorts of slopes or softness can be used 
to stimulate proprioceptors [6, 10, 11, 21]. The effects of 
brace, corset, bandage, or taping on proprioception are still 
unclear [9, 21].

Functional Exercises

Functional exercises are an integral part of any rehabilitation 
program. The basic goal in rehabilitation is to restore and 
enhance function within the environment and to perform the 
specific activities of daily living. Once a reasonable level of 
strength, power, endurance, flexibility, and proprioception 
has been achieved, the athlete should be gradually reintro-
duced to the functional activities that form the basis of his or 
her sport or activities [6, 8, 17, 56].

The functional phase of rehabilitation must be preceded 
by a progression of traditional physical therapy phases that 
ensure normal healing and restoration of joint motion, mus-
cular strength, and muscular endurance. Restoration of these 
characteristics must precede the functional activities as walk-
ing, running, cutting, or throwing. Most of the therapeutic 
activities performed before the beginning of the functional 
phase are dictated by specific injury or surgical procedures 
and may differ among clinicians.

The authors suggest that functional rehabilitation begin 
once the athlete has near full, pain-free range of motion that 

is sufficient for participation in athletic activity [6, 10, 11, 
30, 38]. In the knee, it is suggested that the athlete have 
8–118° of knee joint motion and can demonstrate a normal 
walking gait pattern, can ascent and descend stairs, and can 
demonstrate no gait deviation when running. Criteria for the 
shoulder are less objective and usually include near pain-free 
full range of motion and sufficient strength to perform the 
given activity [7]. The functional rehabilitation phase incor-
porates not only the traditional elements of physical therapy, 
such as strength and flexibility, but also activities to enhance 
agility, proprioception, and neuromuscular control. Agility 
and kinesthetic training are incorporated to restore neuro-
muscular mechanisms responsible for joint kinematics, 
enabling the individual to return to preinjury or preoperative 
levels of activity while also reducing the risk of reinjury  
[7, 55, 56]. Agility drills relevant to the sport are gradually 
introduced. These are initially performed in isolation and 
then with appropriate equipment. Motor and sensory abili-
ties can be grouped according to their level of complexity. 
From lower to higher levels of complexity, the motor abili-
ties are as follows:

Contraction abilities
Synergistic abilities
Composite abilities
Skills [38]

Sensory-motor abilities are required force (dynamic or 
static), velocity, length, co-contraction (dynamic or static 
stabilization), reciprocal activation, balance, motor relax-
ation, fine control, coordination, reaction time, and transi-
tional ability [21, 56].

Plyometric Exercises

Plyometrics are drills or exercises that aim to link strength 
and speed of movement to produce an explosive-reactive 
type of muscle response. Pliometrics should be implemented 
in the later stages of rehabilitation and should mimic sport-
specific skill [17]. Generally, plyometrics involve ballistic 
and repetitive movements.

Plyometric exercises are quick and powerful movements 
involving a pre-stretching or countermovement that acti-
vates the stretch shortening cycle of muscle. They facilitate 
concentric shortening contractions [13, 19, 55]. The stretch-
shortening cycle is also felt to be an important part of train-
ing, especially for explosive movements (e.g., jumping, 
discus) as it provides the athlete with a functional progres-
sion [19]. Although it is common to view plyometrics as a 
by-product of muscle activity alone, the nervous system 
must be considered as well. Ultimately, the purpose of plyo-
metrics conditioning is to heighten the excitability of the 
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nervous system for improved reactive ability of the neuro-
muscular system as a whole. Considering a plyometric 
exercise including the use of stretch reflex and taking advan-
tage of the elastic rebound tendency of muscle tissue, the 
definition can be broadened to include many exercises that 
are “plyometrics in nature.” Eccentric strength, or the abil-
ity to control the lengthening of a muscle under tension, is 
vital to becoming faster and jumping higher. Plyometrics is 
meant to encompass maximal, all-out, quality efforts with 
gravity and body weight being the constants for each repeti-
tion of an exercise. Athletes recovering from injury are 
involved in reestablishing the neural patterns and muscular 
reactivity that will allow them to perform at a higher level 
without the risk of re-injury or additional trauma [13]. Thus 
the plyometrics prepare the muscles for the repetitive 
microtraumas or stresses [19].

Important orthopedic factors to consider when designing 
a specific conditioning program using plyometrics include 
age, gender, physical maturity, and experience level. To my 
opinion, surgery or any associated injury has an important 
influence on the appropriate plyometric program. For exam-
ple, deep squats and resisted knee extension may be con-
traindicated in patients with significant patellofemoral pain 
or in patients who have undergone ACL repair. Absolute 
contraindications for plyometrics in this term include gross 
instability, pain, and a state of unconditioning [19, 55].  
A general strength base can and should be developed through 
exercises, such as step-ups and different types of squats, in 
which practicing landing strategies and dynamic postural 
control exercises can develop greater body control. Squatting, 
eccentric one-leg squat, step-ups, jumping, and landing strat-
egies are the main movement patterns of the plyometrics 
needed to be progressed [13, 55]. Simply because a patient is 
an athlete does not mean that his or her rehabilitation pro-
gram should progress to high intensity plyometrics. Generally, 
high-intensity drills may not be appropriate for larger ath-
letes (>90 kg) [55].

Cardiovascular Training

Cardiovascular training or fitness should be addressed, if 
possible, throughout the late-term rehabilitation duration. 
It can be thought of as a state of well-being that provides 
an optimal performance or functional level. Within the 
context of rehabilitation and conditioning, several consid-
erations affect the quality of exercise performance and 
outcome of the program. Cardiovascular conditioning 
improves when the intensity of the exercise bout is equal 
to 60–90% of the maximum heart rate for trained indi-
viduals and 35–45% for relatively untrained individuals 
[2, 7, 8, 17].

Taping, Bracing, or Protective  
Orthotic Support

There are many different tapes and bandages available for 
use. However, when the purpose is to restrict undesired 
motion, only adhesive, non-stretch (rigid) tape is appropri-
ate. Elastic tape is appropriate for restricting motion. Good 
tape should be adhesive, strong, non-irritant, and easily torn 
by the physiotherapist. Although taping is used in injury 
management of condition in numerous joints, it has not been 
proven to be effective for injury prevention in the shoulder, 
elbow, knee, and spinal joints.

Bracing has several advantages over taping. Patient can 
put a brace on by himself or herself and although the initial 
cost of a brace may be high, a good quality, strong brace will 
last a considerable time and may prove to be cheaper than 
repeated taping. Bracing had also a number of disadvantages. 
These include possible slipping of the brace during use, 
weight of brace, problems with exact sizing, and the risk of 
the brace wearing out inopportune times. Sometimes it may 
be necessary for braces to be custom-made. A number of dif-
ferent types of the braces are available [9, 58, 60].

Protective equipment can also be used on return to activity 
after surgery or injury in situations where direct contact may 
aggravate injury. It is important that protective equipments fit 
correctly. Protective equipment may provide a psychological 
benefit by increasing an individual’s confidence [8].

Key Points

Avoid overstress in the exercises ›
 Keep away all activities or exercises that induce pain  ›
and edema
 Take account the quality of the movement more than  ›
the quantity
 Take care controlling of the segment or the extremity  ›
more than the muscle strength
 Do physiological rehabilitation instead of doing  ›
 anatomical rehabilitation
Follow tailored rehabilitation program ›
Muscle strengthening, muscle conditioning, advan- ›
ced phase exercises, strength training, dynamic 
 strengthening, rehabilitation in late term
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Return to Sport Activities

Volga Bayrakcı Tunay 

In this chapter:

Guidelines for return to sport
The importance of proprioceptive (sensorimotor) training 
for returning the athlete to the sport
How? What are the best exercises?
How the progression of exercises might you use?

The goal of the rehabilitation programs of the injured athlete is 
return to the sport and optimum athletic function. Proprioceptive 
training, strength training, plyometrics, and neuromuscular 
training are essential programs in the rehabilitation of the ath-
letes to prepare them for return to their sports and a safe return 
to play. Progression from rehabilitation to the sport activities for 
the injured athlete should be differentiating for the needs of that 
sport. It is important to consider each athlete on an individual 
basis, understand demands of sport and position played [7, 12].

Injury to a joint may result in an abnormal sensory feed-
back and result with difference in neuromuscular control. 
Neuromuscular training includes both proprioception and neu-
romuscular control and is a useful adjunct in return to sport 
activities to return athletes to high levels of athletic performance 
[7, 14, 16]. Compensatory neuromuscular mechanisms are very 
important for the injured athletes to maintain dynamic stability. 
At this time, athletes should learn to develop individualized 
compensatory neuromuscular responses. It is important to real-
ize that return to sport activities for the development of protec-
tive neuromuscular responses is the progression of functional 
rehabilitation program. Several program options are available 
for promoting protective neuromuscular responses to maintain 
dynamic joint stability during the sport-specific task. In the lit-
erature, we can see studies that include balance and agility exer-
cises and exercises with different perturbation surfaces. In these 
studies, these types of training programs demonstrated a greater 
success in returning to pre-injury-level sport activities [29].

Guidelines for Return to Sport Activities

It is very important for the injured athlete to return to the 
sport activities and competitions as quickly as possible. 
However, safe return to the sport must be the most important 
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factor for the athlete to avoid sustaining new injuries and the 
existing injury getting worse [1, 14, 26]. Guidelines for return 
to sport activities are:

No pain in movements and pain-free full range of motion
Symptom-free
No swelling
Return of strength: demonstrate greater than or equal to 
90% contralateral quadriceps maximum voluntary iso-
metric contraction strength in anterior cruciate ligament 
injuries
Good flexibility
Sufficient proprioception
Restoration of sport-specific skills
Functional retraining
Restore and promote cardiovascular function
Mental confidence in ability to do exercise
Provide for continued equipment modification, bracing, 
and orthoses
Continue communication with the player, family, reha-
bilitation network, and coaches concerning the athlete’s 
progress

Athlete’s functional level, sport-specific skills, degree of 
mental confidence, and the nature of the injury itself are used 
to determine that the athlete has completed the rehabilitation 
program and is ready to return to sport. Functional evalua-
tion tests are very important at this time for the athlete to 
return to the sport.

Components of a Functional Progression

Phase 1 – Acute Injury Phase
Focus on restoring joint range of motion (ROM), mus- −
cular strength, and muscular endurance

Phase 2 – Repair Phase
Focus on incorporating proprioception and agility  −
exercises

Phase 3 – Remodeling Phase
Focus on restoring everything to pre-injury status −

Progression should allow for planned sequential activities 
that challenge the athlete while allowing for success. Training 
programs of the female athletes included an initial phase for 
correcting jump and landing techniques according to the 
study of Hewett et al. [13].

Functional Progression Program

Static positions   Movements
Slow speed skills  Faster speed skills

Simple skills  More difficult skills
Unloaded skills  Loaded skills
Noncontact drills  Full contact training

Conditioning of Athletes for Sport  
(A Consensus Statement, 2001)

Strength

Specific strengthening exercises – specific muscle 
deficits
Multiple-set programs
Eccentric strengthening – deceleration muscles
Eccentric and concentric strengthening – acceleration 
muscles

Aerobic Conditioning

Aerobic conditioning can be achieved with a multitude of 
programs (interval training, continuous training) and 
modes of exercise (running, cycling, swimming).
Aerobic conditioning must be specific to the sport.
Conditioning should be progressive, periodized, priori-
tized, and compatible with other elements of the condi-
tioning program and the practice sessions.

Sports Conditioning

General athletic fitness: Total body
Flexibility −
Muscular strength and power −
Cardiorespiratory endurance −

Sport-specific athletic fitness: Specific
Flexibility −
Strength −
Balance −
Power/work −
Aerobic/concentric training −

Sport-specific skill is the ultimate goal
Optimal performance demands a refinement of unique  −
training and skill acquisition [28]

The Importance of Proprioceptive Training

By exposing the body of an athlete to a large number of 
training-related situations that will provoke the activation 
of proprioceptors, conditions will be made for an athlete 
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to be able to react in an optimal way in urgent situations 
that could be the cause of an injury [7].
Secondary effects of proprioceptive training are directed 
toward strengthening of the ligament–tendon system and 
toward the increase of the trajectory of movements in the 
joints.

Progression of “Proprioception” Training

No weight  Weight-bearing
Static   Dynamic (running, lateral move-

ments, backward movements, jump-
ing, cutting, twisting, pivoting)

Slow speeds   Faster speeds with balance and 
control

Two legs  One leg
Visual control  No visual control

1. Working out with different balance equipment (Fig. 1)
Working out with balance equipments is based on the 

following:

The full range of movements in given conditions.
Keeping balance postures in given conditions 
(Fig. 2a–d).
A large number of training and competitive situations 
is based on setting and keeping balance postures 
(Fig. 3a, b).
Such system of work is based on deliberate disrupting 
of balance postures so that an athlete may be required 
to redress the balance.
Executing various types of exercises such as walking 
or running, and jumping on trampolines and soft mats 
(Fig. 4a–d).
The specific qualities of the equipment (mat, trampo-
line) demand from an athlete that he or she keeps the 
balance posture and generates adequate forces neces-
sary for the execution of a task in question.

2. Working out with systems (Fig. 5a, b)
Working out with special systems is based on the 

following:

Systems specially designed for diagnostic testing and 
optimal rehabilitation
Eccentric and concentric work at varying speeds and 
ranges

3. Working out with medicine balls (Fig. 6a–c)
Working out with big balls is based on:

Specific conditions supplied by elasticity and plasticity 
of balls.
It is possible to execute standard exercises in more 
demanding conditions.
Setting and keeping balance postures while standing 
on medicine balls.

4. Walking across uneven surfaces (Fig. 7a, b)

Natural conditions offer a large number of situations in 
which it is necessary to keep the balance posture.
Running and walking up and down the hill, through a 
wood, across the rocks, along the coast, in unknown 
environment, etc. are the bases of this modality of the 
proprioceptive training.

5. Proprioceptive training with external load (Fig. 8a–c)
This modality of work is based on:

Alteration of the volume of the external load is to be 
overcome by an athlete [20].
Load alterations are determined by a coach and are not 
known to an athlete in advance.
An athlete is faced with a task to quickly adapt to new 
load conditions. The biggest effects occur during the 
first several repetitions [27].

The Importance of Plyometrics

Plyometric exercises take an important part in rehabilitation 
programs for the athletes to prepare them for the demands of 
their sport and safe return to sport activities. The importance 
of the plyometric program is the quality of the movement. 
At this point type, frequency, intensity of the exercises, and 
progression of the programs take a special part for condition-
ing and strengthening athletes [7, 17]. The injured athlete 
must have agility, balance, and coordination to control the 
rapid and forceful movements in plyometric exercises. 
A well-designed plyometric program offers coordination, 
efficiency, speed, and power in preparation for sport partici-
pation [5, 6] (Figs. 9a–d, 10a–c, 11a–c).

The exercises should progress as follows:

1. Strength phase: Eccentric strength training should be part 
of all return to sport activity and performance-enhancement Fig. 1 Proprioception training equipments
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programs to prepare the muscles-tendons for the 
stress/injuries encountered in plyometric programs 
[5, 17, 22, 23].

Static movements  Add movement
Two-leg squat  One-leg squat
Forward/backward  Lateral step-ups

2. Control phase:
Postural control and dynamic stabilization during 
jumps and/or sudden change of direction

3. Performance phase:

Forward/backward jumps  Left/right jumps
Two-leg jumps  One-leg jumps

a

b

c

d

Fig. 2 (a–d) Working out with balance plates
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a b

Fig. 3 (a, b) Working out with uneven surfaces

a b

c d

Fig. 4 (a–d) Exercises on trampoline
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Evidence-Based Recommendations 
for Return to Play

Most of the athletes with low back pain can return to full 
unrestricted play after rehabilitation programs for reducing 
pain and restoration range of motion. Athletes undergoing 
spinal fusion are typically restricted from full-contact 
sports [8]. Returning athletes to play after lumbar spine 
surgery requires a treatment program that protects them 
from further injury and former level of conditioning. 
Evidence-based recommendations on return to play after 
lumbar surgery are lacking, but observational studies 
and expert opinions provide general guidelines for clini-
cians [2].

Management of athletes who have sustained a concussion 
during athletic competition and return-to-play decisions are 
important challenges for sports medicine professionals. Current 
guidelines result from thoughtful consensus recommendations 
by expert committees based on the resolution of symptoms and 
results in most injured athletes resuming competition in 
1–2 weeks [18, 19].

There are different opinions on evaluation and treatment 
of cervical spine injuries, spinal stenosis, herniated nucleus 
pulposus, and spondylolysis/spondylolisthesis. The issue of 
return to play for an athlete after a cervical spine injury is 
controversial. Most experts agree that with these problems or 
any other problem in sports medicine, an athlete needs to be 
symptom-free and have full active range of motion with near 
to full strength, a stable vertebral column, and adequate space 
for the neurological elements. The decision to return an ath-
lete to a particular sport should be based on the mechanism 
of injury, objective anatomical injury, and an athlete’s recov-
ery response [9, 10, 21, 30].

Each athlete with a particular injury to the upper extrem-
ity needs an individual treatment program or return to sport 
activity guidelines. Factors such as age, injury severity, type 
of sport participation, method of treatment, and chronicity of 

a b

Fig. 5 (a, b) Monitorized functional squat system

a

b

c

Fig. 6 (a–c) Working out with medicine balls
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injury are among the many issues that must be considered 
when developing a treatment and return to play strategy for a 
particular athlete [15]. The shoulder is a frequently injured 
joint in athletes, and the most common injuries in active 
patients include instability, rotator cuff injuries, and superior 
labrum lesions. These three types of injuries often involve 
different mechanisms of injury, variable methods of surgical 
repair, and different considerations in rehabilitation and 
return to play [25].

There are no consensus guidelines for safe return to 
sport activities following muscle strains that completely 
eliminate the risk for recurrence and maximize perfor-
mance [24].

The goal of knee ligament reconstruction is to return the 
injured athlete to the previous level of function as quickly and 
as safely as possible. Different training techniques have been 
used including proprioceptive training, functional training, 

and perturbation training for this purpose. The appropriate 
level of aggressiveness in returning the athlete to sport remains 
controversial [3, 4, 11, 16].

Take Home Message: Conclusion

A systematic long-term work.
Expert team work (physician, physiotherapist, conditioning 
coach, nutritionist).
Proprioceptive training – important.
The injured athlete must complete all the stages of reha-
bilitation and sport-specific functional progression spe-
cifically designed for the demands of his/her sport.
If an athlete is not fully recovered, a quick return to play 
could start a vicious cycle of chronic injuries or permanent 
disability.

a b

Fig. 7 (a, b) Walking across different surfaces
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a

b c

Fig. 8 (a–c) Proprioceptive training with isokinetic system
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a b

c d

Fig. 9 (a–d) Plyometric training at the clinic

a b

Fig. 10 (a–c) Plyometric training at the field
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a b

c

Fig. 11 (a–c) Sport-specific skills

c

Fig. 10 (continued)
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How Can We Strengthen the Quadriceps  
Femoris in Patients with Patellofemoral Pain 
Syndrome?

Defne Kaya, Hande Güney, Devrim Akseki, and Mahmut Nedim Doral 

Introduction

Patellofemoral pain syndrome (PFPS) is a common problem 
experienced by adolescent and active adult populations. 
PFPS is usually activity related and aggravated by functional 
activities such as stairs climbing, running, and squatting [35]. 
Common causative factors are lower extremity weakness, 
especially in the quadriceps muscle, malalignment of the 
lower extremity, foot deformity such as hallux valgus and 
increased subtalar pronation, tightness of the lateral retinacu-
lum, iliotibial band, hamstring muscles, and tensor fascia 
latae muscle [4, 23, 42, 43]. Correct alignment of the patella 
may depend in part upon the balance between the vastus 
medialis obliquus (VMO) and vastus lateralis (VL) muscles, 
so an imbalance in the activity of the VMO relative to the VL 
is one proposed mechanism for abnormal patellar tracking 
[12]. Generalized quadriceps muscle weakness may result in 
malposition of the patella [16, 17], and altered timing of the 
VMO muscle activity may mean that the muscle will be at 
different lengths at contraction initiation, which will affect 
the muscle’s ability to produce force [34].

Conservative interventions of PFPS include patient edu-
cation [10], mobility interventions and exercises for the soft 
tissue (passive stabilizers of the knee) and muscles (active 
stabilizers of the knee) around of the knee [7, 26], strength-
ening exercises for quadriceps muscle [2], muscle training 
exercises for VMO and VL [9], patellar correction techniques 
such as taping and bracing [26], electrical stimulation to 
facilitate quadriceps femoris muscle – especially for the 
VMO and VL [5] modalities such as cold application for 
reducing both pain and edema [37].

Total quadriceps strengthening has been shown to be 
effective for patients with patellofemoral pain syndrome [2, 13]. 
Quadriceps weakness, specifically VMO weakness in com-
parison to the VL, can lead to lateral displacement of the 
patella causing the articulating pressure to be on the lateral 
facet [1, 27]. A total of five studies evaluated quadriceps 
weakness with patients with PFPS [4, 8, 30, 31, 42]. Although 
two studies showed quadriceps weakness was a nonsignifi-
cant finding [30, 31], three studies specified weakness to be 
a significant finding [4, 8, 42].
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The prescription of quadriceps-strengthening exercise 
for patients with PFPS must be well-designed because the 
contact area between the patella and the femur changes 
throughout knee flexion and extension. Open kinetic chain 
exercises are performed typically where the foot is free to 
move. These exercises are typically non-weight bearing, 
with the movement occurring at the knee joint. If there is 
any weight applied it is applied to the distal portion of the 
lower extremity [32]. During the open kinetic activities such 
as knee extension, patellofemoral joint reaction force 
increases as the knee moves throughout 90° flexion to full 
knee extension [24], especially 30° knee flexion to full 
extension [28]. Closed kinetic chain exercises are performed 
where the foot is fixed on the ground. The foot remains in 
constant contact with the surface, usually the ground or the 
base of a machine. These exercises are typically weight-
bearing exercises, where the patient uses his or her own 
body weight and/or an external weight. They are also multi-
joint movements, and are labeled as being sport-specific 
exercises [32]. During the closed kinetic activities such as 
squat, patellofemoral joint reaction force increases with the 
increased knee flexion, especially through 30° knee flexion 
to full flexion [28].

Contractions of the quadriceps muscle can either be iso-
metric, concentric, eccentric, or isotonic. An isometric con-
traction is one in which the muscle is activated, but instead 
of being allowed to lengthen or shorten, it is held at a con-
stant length. This is where the internal force of the muscle is 
such that the muscle stays at constant length, the intrinsic 
force being equal to the extrinsic force applied [11, 22].

A concentric contraction is a type of muscle contraction 
in which the muscles shorten while generating force. The 
muscle actively alters in length by shortening, as the intrinsic 
forces created by the contracting muscle are greater than any 
extrinsic forces, e.g., quadriceps femoris extending the knee. 
This occurs throughout the length of the muscle, generating 
force at the musculo-tendinous junction, causing the muscle 
to shorten and changing the angle of the joint [11, 22].

During an eccentric contraction, the muscle elongates 
while under tension due to an opposing force being greater 
than the force generated by the muscle. Rather than working 
to pull a joint in the direction of the muscle contraction, the 
muscle acts to decelerate the joint at the end of a movement 
or otherwise control the repositioning of a load. The muscle 
alters in length by lengthening, as the extrinsic forces acting 
on the muscle are greater than those generated intrinsically. 
A muscle which is being lengthened while it is contracting 
can maintain greater tension than it can develop at any given 
equivalent static length, e.g., quadriceps femoris during 
knee flexion in standing. This can occur involuntarily (when 
attempting to move a weight too heavy for the muscle to 
lift) or voluntarily (when the muscle is “smoothing out” 
a movement) [11, 22].

During the isotonic contraction the effects of the load are 
maximal in only one small part of the range. This involves 
the production of the constant force or tension as the muscle 
changes in length. However, this is an inaccurate description 
as tension never remains constant throughout range. Isotonic 
contractions require a constant strain without changes in the 
length of the muscle (e.g., during wall squats with knees 
flexed in 90° and the back against the wall). During the isoki-
netic contraction the contraction is where the velocity of the 
contraction remains constant. Isokinetic exercise requires 
equipment to control the velocity with which the knee moves 
through a large range of motion. This type of devices can 
also measure the concentric as well as eccentric force applied 
by knee extensors (quadriceps) or flexors (hamstrings) at 
predetermined velocities. The velocity spectrum for these 
dynamometers ranges from 0°/s to 360°/s [11, 22].

Safe ranges for exercises: Doucette and Child found 
improved congruence angles with closed kinetic chain exer-
cises from 0° to 20° flexion and open kinetic chain exercises 
from 30° to full flexion [14]. These findings are consistent 
with Steinkamp et al.’s, who hypothesized that the optimal 
range for open kinetic chain peripatellar muscle, strengthen-
ing is from 90° to 60°, while the best range in a closed kinetic 
chain position is from 0° to 30° flexion [38]. These ranges 
caused the lowest patellofemoral joint reaction forces.

Open Kinetic Chain Exercise

Isometric Quadriceps Exercise

Pain-free quadriceps exercise is an important point of the 
successfully treatment program in patients with PFPS [25]. 
Isometric quadriceps exercises were advocated for patients 
with PFPS as well as eccentric muscle contraction [33], but 
recently there have been recommendations for vastus 
medialis muscle training and functional lower-extremity 
training [15].

Isometric quadriceps exercises such as straight leg raises 
can facilitate quadriceps activation without stressing the 
patellofemoral joint and minimizes patellofemoral joint reac-
tion forces, because the patella has no contact with the femo-
ral condyles in the full extension position [29].

In the literature, researchers demonstrated that patients 
with PFPS can benefit from isometric quadriceps exercises 
and straight leg raise exercises [18, 36, 41]. Roush et al. 
investigated the effects of the modified straight leg raises 
exercises called the Muncie method for patients with PFPS 
[36]. Authors evaluated pain, functional level, and isokinetic 
strength of the quadriceps muscle at the beginning and end of 
the treatment [36]. They noticed that patients who performed 
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the quadriceps-strengthening home exercises program and 
modified straight leg raises exercises reported significant 
improvements regarding pain and functional level [36].

These results showed that patients with patellofemoral 
pain syndrome can benefit from isometric quadriceps-
strengthening and straight leg raises exercises. Rehabilitation 
program including isometric and straight leg raises exercises 
could positively enhance function in patients with PFPS.

Isokinetic Exercise

Isokinetic exercises differ from isometrics in that they allow 
subjects to move the tibia over the femur through a selected 
range of motion and velocity. Closed-chain exercises are saf-
est in the 0–45° range. In contrast to closed-chain exercises, 
open-chain exercises (leg curls and knee extension), are most 
safely carried out from 25° to 90° for patients with patell-
ofemoral pain syndrome [19, 38, 39]. These researchers 
agree with the potential for excessive pressure when per-
forming active exercise near terminal knee extension.

Hazneci et al. evaluated 24 patients with patellofemoral 
pain syndrome and 24 male healthy individuals without 
symptoms [20]. Isokinetic exercise protocol was carried out 
at angular velocities of 60°/s and 180°/s. These sessions were 
repeated three times per week and lasted for 6 weeks. At the 
beginning and after 6 weeks strength of the quadriceps and 
hamstring muscles were compared. After the isokinetic exer-
cise, peak torque and total work of quadriceps and ham-
strings improved significantly in the patellofemoral pain 
syndrome group. Authors emphasized that isokinetic exer-
cises have positive effects on passive position sense of knee 
joints, by increasing the muscular strength and work capac-
ity. Their findings showed that prescription of the isokinetic 
exercises in rehabilitation protocols of the patients with 
patellofemoral pain syndrome not only improves the knee 
joint stabilization but also the proprioceptive acuity [20].

McMullen et al. designed a two-phase isokinetic program 
for patients with chondromalacia patella [29]. Phase 1 
included a low-speed (30°/s, 60°/s, 90°/s, and 120°/s), short-
arc (30–0°) angular velocities. If the patients could perform 
the phase 2 exercises without pain, they continued phase 2 
which included high-speed (180°/s, 240°/s, and 300°/s), full-
arc (90–0°) angular velocities. They reported that some 
patients did not tolerate aggressive isokinetic program [29].

Werner and Eriksson designed a study to evaluate the 
effect of eccentric quadriceps training in patients with unilat-
eral patellofemoral pain syndrome and to compare the effects 
of eccentric and concentric quadriceps training in patients 
with bilateral patellofemoral pain syndrome [43]. Fifteen 
patients and nine age–sex matched healthy controls partici-
pated in this study. Nine of 15 patients had unilateral pain 

and trained their painful leg eccentrically, while 6 had bilat-
eral pain and trained one leg eccentrically and the other 
 concentrically. Quadriceps muscle training was performed 
on a Kin-Com dynamometer at 90°/s and 120°/s angular 
velocity twice a week for 8 weeks. Before and after the treat-
ment period, the thigh muscle torques were measured at 
60°/s, 90°/s, 120°/s, and 180°/s for quadriceps and at 60°/s 
and 180°/s for hamstrings. For functional evaluation, a knee 
score was calculated before training, after 8 weeks of  training 
and at a mean of 3.4 years after completion of the training. 
After 8 weeks of training and at follow-up times of 1 and 
3.4 years, the patients were also questioned regarding whether 
or not they felt improvement from the training program. 
Authors evaluated the degree of knee pain during the training 
using Borg’s pain scale. The results of the this study showed 
that, compared with the controls, the patients with patell-
ofemoral pain syndrome had a significantly lower knee 
extensor torque in their painful leg at all velocities measured. 
The greatest difference was found during eccentric quadri-
ceps actions. After training there was a significant increase 
particularly in eccentric but also in concentric torque of the 
knee extensor in the painful leg of the eccentrically trained 
group. Of the six patients in the bilateral training group there 
were five who increased their concentric knee extensor 
torque and three who increased their eccentric torque. 
Patients in both groups reported no pain or mild pain during 
the training sessions [43].

Results from these studies verified that patients with 
patellofemoral pain syndrome can benefit from isokinetic 
exercises if the patients perform all exercises in a pain-free 
range of knee motion.

Closed Kinetic Chain Exercise

In closed kinetic chain exercises, more selective vastus medi-
alis obliquus activation can be obtained at 60° knee flexion 
[40]. Maximal vastus medialis obliquus/vastus lateralis ratio 
was observed at this knee flexion angle, and muscle contrac-
tion intensity was also greatest [40].

Witvrouw et al. compared the efficacy of open kinetic 
chain versus closed chain exercises in patients with patell-
ofemoral pain syndrome [44]. Sixty patients were separated 
randomly into two groups such as open kinetic chain and 
closed kinetic chain group. Patients performed their exer-
cises program during 5 weeks. Isokinetic muscle strength, 
Kujala patellofemoral score, flexibility and functional tests 
were evaluated pretreatment, end of the treatment, and after 
3 months of the pretreatment. Although patients improved 
functionally, authors did not find any difference between 
open kinetic chain and closed kinetic chain exercises group 
[44]. Their study showed that both open and closed kinetic 
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chain exercise programs lead to an improved subjective and 
clinical outcome in patients with patellofemoral pain syn-
drome. The few significantly better functional results for 
some of the tested parameters in the closed kinetic chain 
group suggest that this type of treatment is a little more effec-
tive than the open kinetic chain program in the treatment of 
patients with patellofemoral pain syndrome [44].

Authors followed up these patients about 5 years and pub-
lished their results [45]. After the 5 years, both groups dem-
onstrated maintenance of good subjective and functional 
outcomes achieved immediately after the conservative treat-
ment. No significant difference between both groups was 
observed at the 5-year follow-up for the majority of the 
examined parameters. However, on 3 of the 18 visual analog 
scales, the open kinetic chain group showed significantly 
less complaints compared to the closed kinetic chain group. 
The authors concluded that both open kinetic chain and 
closed kinetic chain programs lead to an equal long-term 
good functional outcome [45].

Stiene et al. evaluated the results of the closed kinetic 
chain exercises versus isokinetic exercises [39]. During the 
8 weeks, patient groups performed one of these two types of 
exercises. After 1 year, their statistical analysis showed that 
both groups had significant improvement in peak torque at 
all speeds, but only the closed kinetic chain group showed 
significant improvement in closed kinetic chain testing and 
perceived functional status. Authors concluded that closed 
kinetic chain training may be more effective than joint isola-
tion exercise in restoring function in patients with patell-
ofemoral dysfunction [39].

Thomee showed no difference between isometric exer-
cises and open- and closed-chain exercises [41]. Patients in 
the isometric group performed their exercises focusing on 
isometric contractions. The patients in the other group per-
formed open and closed kinetic chain exercises that focused 
on eccentric contraction. After 12 weeks, author found that 
pain level decreased, functional level and muscle strength 
increased in both of the groups [41].

Bakhtiary and Fatemi designed their study to compare the 
effect of straight leg raise and semi-squat exercises on the 
treatment of patellar chondromalacia [3]. Thirty-two patients 
with patellar chondromalacia were randomly assigned two 
groups: straight leg raises exercises group and semi-squat 
exercises group. Patients in both groups performed a 3-week 
program of quadriceps muscle-strengthening exercises start-
ing with 20 exercises twice a day and increasing each session 
by 5 exercises every 2 days. Reduced Q angle and crepita-
tion, and an increase in the maximum isometric voluntary 
contraction force of the quadriceps muscle and thigh circum-
ference were found in semi-squat group compared with 
straight leg raises group. However, patellofemoral pain 
decreased significantly in both groups. The results of this 
study indicated that semi-squat exercises (closed kinetic 

chain) are more effective than straight leg raises exercise 
(open kinetic chain) in the treatment of patellar chondromal-
acia [3].

In summary, results of the above-mentioned studies 
showed that closed kinetic chain exercises for patients with 
patellofemoral pain syndrome are more tolerable than open 
kinetic chain exercises.

Weight-Bearing Versus Non-weight-Bearing 
Exercises

Both weight-bearing and non-weight-bearing exercises are 
considered appropriate for strengthening the quadriceps and 
a key element in the treatment of PFPS.

Herrington and Al-Sherhi designed randomized controlled 
trial to compare the efficacy of single-joint non-weight- 
bearing quadriceps exercise (SJNWBE) versus multiple-joint 
weight-bearing quadriceps exercise (MJWBE) for individu-
als with patellofemoral pain syndrome [21]. Forty-five 
patients with patellofemoral pain syndrome between 18 and 
35 years of age were randomized into one of three groups. 
Patients in group 1 performed knee extension exercises 
(SJNWBE), patients in group 2 performed seated leg press 
exercises (MJWBE), and patients in group 3 (control group) 
received no treatment. Subjective symptoms, knee extensor 
muscle strength, and functional performance were evaluated 
at the time of the initial examination and at the end of the 
6 weeks of treatment period. Patients in both exercise groups 
demonstrated a statistically significant decrease in pain and 
an increase in muscle strength and functional performance, 
as compared to the control group. All measures showed no 
significant differences in results between the two exercise 
groups. Their study demonstrates that both weight-bearing 
and non-weight-bearing quadriceps exercises can signifi-
cantly improve subjective and clinical outcomes in patients 
with patellofemoral pain syndrome [21].

Boling et al. evaluated the effects of a weight-bearing 
rehabilitation program on quadriceps electromyographic 
activity, pain, and function in subjects diagnosed with patel-
lofemoral pain syndrome [6]. Fourteen patients diagnosed 
with patellofemoral pain syndrome and 14 healthy control 
subjects volunteered to participate in their study. Patients 
participated in a 6-week rehabilitation program. The reha-
bilitation program consisted of weight-bearing exercises that 
focused on strengthening the quadriceps. Electromyographic 
onsets of the vastus medialis obliquus (VMO) and vastus lat-
eralis and were collected during a stair-stepping task that 
was performed during the pretest and post-test. A visual ana-
log scale (VAS) and Functional Index Questionnaire (FIQ) 
were administered at pretest and post-test and each week of 
the intervention. Authors [6] found that vastus lateralis and 
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vastus medialis obliquus onset timing differences (vastus 
 lateralis electromyographic onset minus vastus medialis 
obliquus electromyographic onset) and VAS and FIQ scores 
significantly improved in patients diagnosed with PFPS. 
Vastus lateralis and VMO onset timing in the patients was 
significantly different from those in the control group at 
baseline and was not significantly different from the control 
group after the intervention. Authors emphasized that patients 
responded favorably and quickly to a therapeutic exercise 
program that incorporated quadriceps strengthening [6].

Summary

Steinkamp et al. documented the fact that patellofemoral 
joint reaction forces are minimized during closed kinetic 
chain exercises performed from 0° to 40° of the knee flexion 
[38]. Authors emphasized that patients with patellofemoral 
pain syndrome may tolerate a closed kinetic chain exercises 
program, between 0° and 40° knee flexion, better than one 
focusing on open kinetic chain exercises, because of the 
lower patellofemoral joint reaction forces and stresses [38].

Authors Note for the Readers

You can select open and/or closed kinetic chain exercises 
for the patients with patellofemoral pain syndrome.
Be careful! Pain is the most important guide in the treat-
ment process.
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Patellofemoral Taping and Bracing

nci Yüksel 

Background

Patellofemoral pain syndrome (PFPS) is the term used to 
describe pain in anterior knee or retropatellar pain [8, 35]. 
It is the most common encountered symptom in orthopedic 
and physical therapy clinics. These subjects generally suffer 
from knee pain during running, squatting, stair climbing, 
prolonged sitting, and kneeling [6, 15, 26].

The management of PFPS should focus on the adminis-
tration of a comprehensive rehabilitation program. A well-
designed rehabilitation program is the pillar of treatment.

The rehabilitation program should concentrate on correct-
ing maltracking of the patella. Control and timing of the 
quadriceps muscle, especially vastus medialis obliquus 
(VMO) and vastus lateralis (VL), are very important to cor-
rect functioning of the patellofemoral joint. While some 
patients may require significant training of the quadriceps 
vastii, others may have excellent quadriceps strength but 
excessively tight lateral structures or poor quadriceps flexi-
bility. For these patients, soft tissue mobilization techniques 
and stretching exercises can be helpful. A detailed assess-
ment of the imbalances of patellar tracking is therefore essen-
tial to tailoring treatment. Specific exercises can then be 
prescribed as part of a home rehabilitation program [26, 36].

Physical therapy interventions for PFPS often are intended to 
reduce pain by correcting patellar tracking within the patellofem-
oral groove. Nonoperative management includes patellar taping; 
bracing, foot orthotics, stretching of the lower extremity muscles, 
including the rectus femoris, hamstrings, gastrocnemius, anterior 
tibialis, iliotibial band, and gluteal muscles; stretching of tight 
lateral structures such as the lateral retinaculum; strengthening of 
the VMO; activity modification; biofeedback; neuromuscular 
electric stimulation; and ultrasound [1, 7, 12, 14, 18].

Patellar Taping

Patellar taping is one of the most important treatment meth-
ods of patellar malalignment. It was originally developed by 
McConnell 1986 as a physiotherapy treatment and has 
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become a very popular technique among physiotherapists 
[25]. The aim of taping is to correct the abnormal position of 
the patella in relation to the femur. The McConnell patellar-
taping program is intended to correct patellar tracking by 
medializing the patella, allowing patients to engage in pain-
free exercise program.

McConnell proposed that pulling the patella medially 
with tape

Will correct the patellar position
Stretch the tight lateral structures, i.e., tensor fascia latae/
iliotibial band complex and lateral retinaculum
Correct the timing and intensity of the VMO contraction 
relative to the VL
Decrease pain
Allow the patient to perform functional exercises and 
sports activities

However, there is a limited consensus on the efficacy of 
patellar taping on various outcomes.

Assessment of the Patellar Position

It is very important to assess the patellar position before tap-
ing. There are three components of patellar orientation that 
need to be assessed in patients with PFPS [25].

1. One of them is the glide component. It is characterized by 
the distance between the midpoint of the patella and the 
medial and lateral femoral epicondyles. Patellar glide 
depends on the tightness of the static lateral structures as 
well as the contribution of the VMO activity relative to 
the vastus lateralis.

2. The second component, the patellar tilt, means the differ-
ence in the heights of the medial and the lateral borders of 
the patella (generally medial border of the patella is more 
anterior then the lateral border). It generally depends on 
the tightness of the lateral soft tissues.

3. The last one is the rotation component, in other words 
internal and external rotation of the patella. It is presented 
by the alteration in alignment between the longitudinal 
axis of the patella and the femur. Excessive internal rota-
tion of the patella may be present in PFPS patients. Weak 
VMO and tight lateral structures such as the lateral reti-
naculum and iliotibial band/tensor fascia latae complex 
result in the excessive lateral rotation.

McConnell Patellar Taping Techniques

McConnell taping technique is frequently used to realign the 
patellar position. After the assessment of patellar orientation, 

the patellar component need to be corrected is decided. The 
most significant alteration in position should be corrected 
first. Before taping, the knee is cleaned and shaved. Generally 
Leukotape P is used for taping. Figure 1 illustrates McConnell 
taping.

Firstly, the knee is covered with a cover roll from mid-
line lateral, over the patella, to midline medial. This hypo-
allergenic cover (Hypafix®) provides a protective layer 
under the more adhesive high-strength rigid tape. Then, the 
outside of kneecap (lateral border, medial border, upper 
pool and lower pool of patella) is marked with a pen for 
better taping orientation. Also, patella is marked into four 
quadrants.

Correcting Lateral Tilt

Stronger, rigid tape is placed over the proximal/medial quad-
rant and pressure is applied with the thumb while pulling the 
tape with the opposite hand, to the medial femoral condyle, 
as tight as possible. The tape is secured to the medial border 
of the medial hamstring tendons.

Correcting Glide Component

Tape is placed over the proximal/lateral quadrant and the 
patella is pushed inward with the thumb, and tape is pulled to 
medial as tight as possible to the underside of the patella. 
The medial soft tissues are brought over the medial femoral 
condyle toward the patella to obtain a more secure taping.

Fig. 1 McConnell taping
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Correcting Rotation Component

External rotation is the most common rotation problem. The 
tape is placed over distal/medial quadrant. The patella is 
turned medial to correct external rotation of the inferior pool. 
The tape is placed over existing tape medial without pulling 
too tight. There should be no increased inferior pressure on 
the patella. Care must be taken so that the inferior pole is not 
displayed into the fat pad [10, 27].

After the application of each piece of tape, patients should 
be asked to do any activity (squatting, stair stepping, etc.) that 
provokes the knee pain. McConnell suggested that, the tape 
should always immediately improve a patient’s symptoms by 
at least 50%. If the pain persists, the tape must be removed 
and components corrected should be reexamined [25]. Taping 
the patella with a medial glide is the most common technique. 
It may also require correction of abnormal lateral tilt, rota-
tion, or anterior tilt. The taping is performed with rigid strap-
ping tape.

Effectiveness

In spite of patellar taping being used by physiotherapists and 
sports medicine practitioners widely, there are still some 
questions about its effectiveness. It reduces pain but the exact 
mechanism of this effect is still being investigated.

Is it effective to control the pain?
Can it realign the patellar position?
Can it enhance the neuromuscular control?

There are some contradictions about these aspects of the 
technique in the literature. In a recent meta-analysis, by 
Aminaka and Gribble, 16 studies about taping were identi-
fied and reviewed (with an average PEDro score of 4.25/10). 
As a result, they concluded that although patellar taping 
seems to reduce pain and improve function in people with 
patellofemoral pain syndrome during activities of daily liv-
ing and rehabilitation exercise, strong evidence to identify 
the underlying mechanisms is still not available [1].

In a different study, 21 randomized controlled trials 
(RCTs) and clinical trials (CTs) published between 1990 and 
2005 were reviewed by Overington and Goddard [29]. As a 
result of the study, they stated that

Patellar taping appears to decrease pain in the short term,
It may be beneficial in conjunction with “physiotherapy” 
in the long term, and
Can alter vastus medialis obliquus (VMO) activity.

At the end of the study, they concluded that while patellar 
taping has also been shown to increase quadriceps strength, 
patellar congruency appears to be unaltered in PFPS patients 

and the mechanism of pain reduction with taping remains 
inconclusive [29].

Does Taping Reduce Pain?

Short-Term Effects

Almost all short-term studies found taping reduced pain 
during OKC and CKC activities such as step-up and step-
down. Bockrath et al. investigated the effects of patella tap-
ing on patella position and perceived pain in 12 PFPS 
subjects. At the end of the study, they found significant 
reduction (50%) in subject pain level. Results demonstrate 
that patella taping significantly reduced the perceived pain 
levels during a 0.2-m step-down; however, this reduction in 
pain was not associated with patella position changes [2]. 
Cerny et al., revealed that patellar taping decreased pain 
94% during the step-down exercise, but VMO/VL ratio was 
not changed [4]. Powers et al., compared stride characteris-
tics and joint motion in subjects with patellofemoral pain, 
with and without the application of patellar taping, using 
the McConnell technique. In their study, subjects reported 
an average pain reduction of 78% using a visual analog 
scale [34].

Handfield and Kramer compared perceived pain and peak 
knee extension torque measured isokinetically at 60°/s and 
180°/s under tape and no-tape conditions in patients with 
PFPS. The results of this study supported the premise that 
the McConnell taping technique can be useful in decreasing 
pain and improving the concentric force of the knee exten-
sors in subjects with PFPS [17]. Similarly, Harrington inves-
tigated the effects of corrective patellar taping on quadriceps 
peak torque and perceived pain levels of patellofemoral pain 
syndrome (PFPS) patients, while carrying out maximal 
quadriceps contractions. In all subjects patella taping reduced 
perceived pain levels and improved peak torque during both 
eccentric and concentric contraction modes and at both test-
ing velocities, these changes were all statistically significant 
(P 5 0.01) [19].

Ng and Cheng examined the immediate effects of patellar 
taping on pain and relative activity of vastus medialis 
obliquus to vastus lateralis in subjects with patellofemoral 
pain and patellofemoral joint malalignment. Pain and surface 
EMG activity ratio of vastus medialis obliquus to vastus lat-
eralis during single-legged semi-squat were investigated in 
15 subjects with patellofemoral joint pain and malalignment. 
Results showed that there was a significant decrease in ante-
rior knee pain (p < 0.001) and vastus medialis obliquus to 
vastus lateralis activity ratio (p = 0.05) during single-legged 
standing after patellar taping [28].

Christou and Wilson stated that the taping reduced pain 
regardless of the direction of pulling in their study of high 
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methodological quality [6, 43]. Patellofemoral pain declined 
equally with the placebo and medial glide procedures in 
Chiristou’s study [6].

Similarly, Wilson et al. found that neutral glide more 
effectively than medial glide and lateral glide taping also 
reduced pain [43]. These results indirectly suggest that 
pain modulation with tape may not be due to change in 
patellar position. The reduction of pain with taping may be 
due to a neurophysiologic factor and/or to an altered EMG 
activation.

Long-Term Effects

Does patellar taping reduce pain more than a regular physio-
therapy program over time? The results of the studies which 
investigated the long-term effectiveness of patellar taping are 
considerably variable.

Some studies reveal that the addition of taping to the other 
interventions (i.e., exercise) enhanced pain reduction [18, 
42], while others found taping had no additional effects on a 
general exercise program [7, 21].

Does Taping Change the Patellar Position?

Taping results in significant medial glide of the patellofemo-
ral joint before exercise, but this medial displacement cannot 
be maintained after completion of the exercises. However, 
taping may be effective under controlled rehabilitation con-
ditions in which exercise is less intense [23, 31].

Taping and Neuromuscular Control

Many questions exist on effectiveness of patellar taping on 
different aspects of neuromuscular control.

Can taping increase the VMO EMG activity?
Can it reduce the lateral pull of VL on the patella?
Can taping alter the timing of VMO and VL activation?
Can it increase the size of contraction in VMO relative 
to VL?

The results of the studies are also conflicting [4, 6, 9,  17, 
20, 21, 28, 31]. However, more recent and controlled stud-
ies show that taping can alter some of these parameters 
positively. Cowan et al. attributed these changes to improved 
timing of contraction of the vastii muscles rather than to 
changes of their EMG amplitude [8]. In another study, 
Cowan et al. investigated the effect of patellar taping on the 
amplitude of electromyographic (EMG) activity of vastii 
activation in subjects with and without patellofemoral pain 
(PFP). The main outcome measure was the EMG amplitude 

of the vastus medialis obliquus and vastus lateralis during 
the concentric phase of stair stepping. The results of the 
study revealed that the application of medially directed 
therapeutic tape significantly decreased pain in patients 
with PFP. However, application of tape over the patella 
(therapeutic or placebo) did not alter the amplitude of vastii 
EMG when either the PFP or control subjects completed 
the concentric stair stepping task. The results of this study 
indicate that the positive clinical effects of medially directed 
therapeutic tape are not due to changes in EMG amplitude 
of the vastii muscles. Thus, other effects such as changes in 
timing of contraction of the vastii are more likely candi-
dates for the mechanism of efficacy [9].

Can Taping Improve the Proprioception?

In a recent study, Callaghan et al. reported that application of 
a patellar tape did not enhance, and in some cases worsened, 
the joint position sense (JPS) of the PFPS patients. However, 
in patients who have poor proprioception, taping enhanced 
the joint position sense. They also concluded that a subgroup 
of PFPS patients with poor proprioception may exist and be 
treated by patellar taping [3].

Patellofemoral Bracing

Patellar braces are designed to assist in correcting tracking of 
the patella. They resist lateral displacement of the patella, 
maintain patellar alignment, prevent patellar subluxation or 
dislocation, and, theoretically, decrease knee pain.

Effectiveness

The clinical effectiveness of knee bracing is considered con-
troversial for the treatment of PFPS. Some studies report 
decreased pain and improved function with the use of these 
braces [5, 13, 22, 30, 39]. However, most reported patient out-
comes are subjective reports of pain relief in these studies. 
There is little evidence to support the routine use of knee 
braces in PFPS patients. Sathe et al. suggested that the pro-
gressive resistance exercise knee brace (Protonics, Inverse 
Technology Corporation, Lincoln, Nebraska) provides resis-
tance against knee flexion and extension movements during 
walking and is purported to facilitate patellar tracking. 
Although it is unclear if the progressive resistance exercise 
knee brace actually changes patellar position, the brace has 
been shown to decrease pain and improve function in patients 
who have patellofemoral pain [37].
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Braces may generally be utilized when a strengthening 
program is ineffective. However, they cannot produce better 
outcomes compared to physical therapy [11]. Also, braces 
could prevent the development of anterior knee pain in per-
sons doing a heavy training program. In a previous study Van 
Tiggelen et al. observed a diminished incidence of anterior 
knee pain in recruits wearing a patellofemoral brace during a 
strenuous training [40, 41].

Lun et al. investigated the effectiveness of patellofemoral 
braces in four different treatment groups:

Home exercise program
Patellar bracing
Home exercise program with knee sleeve
Home exercise program with patellar bracing

Results of the study showed that symptoms of patellofemoral 
pain improved regardless of the treatment group [24].

Does Bracing Have Any Effect on Muscle 
Activity?

Gulling et al. detected significant decreases in quadriceps 
EMG activity after the application of knee brace [16].

Powers et al. examined the influence of two patellofemo-
ral braces on pain response, patellar alignment, and patell-
ofemoral joint contact area in patients with PFPS (by MRI). 
They found that braces reduced pain by 44% (PTO), 50% 
(on-track), and increased joint contact area by 21–24% when 
compared with the no-brace condition [32]. However, in a 
more recent study, Powers et al. could not find significant 
differences in torque production, pain levels (VAS) and stride 
characteristics between braced and non-braced trials in 
females with PFPS [33].

Is Taping or Bracing More Effective?

In a study by Selfe et al., the effect of patellar taping and brac-
ing on the three-dimensional mechanics of the knee during a 
controlled eccentric step-down task was investigated. At the 
end of the study, the brace was shown to be more effective in 
the coronal and transverse planes in comparison to taping or 
no intervention [38].

In summary, knee braces improve patellar tracking to a 
limited degree, provide subjective reduction of pain, may 
increase patellofemoral joint contact area, but bracing is less 
effective than conservative therapy, and should be used in con-
junction with a knee rehabilitation program. However, braces 
can enhance performance and improve confidence during 
athletics.
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Clinical Relevance of Gene Therapy and Growth 
Factors in Sports Injuries

lhan Özkan 

With increasing sports activity, orthopedic surgeons have 
dealt with more sports-related injuries in recent years. 
Ligaments, tendons, articular cartilage, meniscal tissue, and 
muscles are most commonly injured tissues in sports. Some 
of these tissues have poor healing capacity with poor blood 
supply. In comparison with other tissues such as skin; liga-
ment, tendon, meniscal tissue, articular cartilage healings 
are also a slower process. In the last two decades there are 
obvious progresses in knowledge about biology and biome-
chanics of these tissues, operative techniques, surgical instru-
mentation, and rehabilitation program but, clinical outcomes 
of sports injuries are often still far from ideal. Thus, biologi-
cal manipulation of the healing process of sports injuries has 
been a major focus of orthopedic research.

Growth Factors

Application of exogenous growth factors has been demon-
strated to accelerate and modify the healing process in liga-
ments, tendons, meniscal tissue, cartilage, and skeletal 
muscle [10, 12, 18, 29]. Growth factors are proteins than can 
be synthesized at the injury site by resident cells. The appli-
cation of these factors directly to the injury site is also pos-
sible [16]. Growth factors are capable of stimulating fibroblast 
and endothelial cells to proliferate, then fibroblasts and other 
reparative cells accumulate at the injured site and continue to 
synthesize and secrete extracellular matrix [17, 22, 27]. 
Growth factors can also regulate cell migration, cellular dif-
ferentiation, and matrix synthesis [17, 22, 27]. Various effects 
of growth factors during the healing process are shown in 
Table 1.

To date, there has been no effective growth factor delivery 
method developed to modify the healing process. Direct appli-
cation of growth factors can result in beneficial effects on 
healing tissue but high doses and repeated injections may be 
required [2]. Relatively short half-lives of growth factors are 
also another problem in therapeutic use of these agents [2]. 
Using polymers and pumps have been investigated as the pos-
sible methods for delivery of growth factors, but the success 
rates remain limited [7]. In addition to these methods gene 
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transfer to healing tissue appears to be a feasible method for 
manipulating the healing process [9]. The product of the trans-
ferred gene should accumulate at the injured site as long as the 
gene is expressed by the transfected cells. The success of this 
procedure depends on the gene delivery method as well as the 
choice of the vector. Today, local administration of growth 
factors and gene-transfer techniques have shown the most 
promise in future techniques to modify the healing process.

Platelet-rich plasma is a new treatment opportunity in 
which growth factors are secreted to the healing site by plate-
lets. It is one of the ways for the local administration of 
growth factors to the injured site. Platelet-rich plasma has 
been used in maxillofacial and plastic surgery since the 
1990s [13]. Its use in sports medicine has grown in recent 
years. Platelet-rich plasma is defined as the autologous blood 

with concentration of platelets [4]. In this technique, 9–60 
mL of blood from the patient is taken and 3–7 mL of platelet-
rich plasma is obtained, depending upon the used platelet-
rich plasma preparation system. This plasma is used locally 
into the injured site and the effects of growth factors released 
from platelets manipulate the healing process. This tech-
nique was evaluated for the patients with elbow tendinosis 
[14], patellar tendinopathy [11], muscle injury [5], anterior 
cruciate ligament reconstruction [28], rotator cuff repair 
[23], Achilles tendon repair [26], and articular cartilage 
defects [25]. Platelet-rich plasma has excellent safety profile 
and it is easy to prepare; however, currently there is little 
clinical evidence to support its use in sports injury [4]. Well-
designed, controlled clinical trials are needed to determine 
the therapeutic value of this technique.

Table 1 Effects of growth factors on ligaments, tendons, cartilage tissue, muscle tissue, and meniscal tissue [1–4]

Growth factors Ligaments and tendons Cartilage tissue Muscle tissue Meniscal tissue

EGF Cell proliferation

Fibroblast migration

bFGF Cell proliferation  Most potent mitogen for 
chondrocytes

Cell proliferation Cell proliferation

Muscle regeneration  Increase matrix 
synthesis Stimulates proteoglycan  

and collagen synthesis

 Cell proliferation and 
differentiation

PDGF Cell proliferation Cell proliferation

Fibroblast migration  Mitogenic effects on 
meniscal cells Increase structural 

properties

TGF- 1 Cell proliferation  Increase the production of 
collagen and proteoglycan

Cell proliferation

 Increased collagen  
and proteoglycan 
synthesis

 Increase matrix 
synthesis Stimulate proteoglycan 

synthesis

 Increased structural 
properties

HGF Fibroblast migration  Mitogenic effects on 
chondrocytes

 Mitogenic effects on 
meniscal cells Mitogenic effects on 

chondrocytes  Stimulate DNA 
synthesis in meniscal 
cells

BMP-2 Fibroblast migration Chondrcyte maturation  Stimulate meniscal cell 
migrationCell proliferation

IL-I Fibroblast migration

IGF-I  Stimulate mitogenic 
response

 Increase cartilage matrix 
synthesis

Mitogenic for myoblasts  Stimulate meniscal cell 
migration

 Increase matrix 
synthesis

 Increase collagen and proteo-
glycan synthesis

Cell proliferation

Muscle regeneration

IGF-II Cell proliferation  Mitogenic  
for myoblasts Increased collagen 

synthesis

NGF Cell proliferation
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Gene Therapy

What Is Gene Therapy?

Gene therapy can be understood as the manipulation of 
germ-line cells for treatment of inheritable genetic disorders. 
This application of gene therapy has a limited use because of 
inefficient technology and ethical concerns. However, gene 
therapy in somatic cells has been widely accepted and it can 
be thought as the drug delivery method to the target tissue. 
Genes are deoxyribonucleic acids (DNA) that is bound in 
double helical chains by hydrogen bonds forming the basic 
material in the chromosomes of the cell nucleus. Most of the 
DNAs in the nucleus are responsible for the initiation of pro-
tein synthesis. Protein synthesis is the transcription and 
translation of specific parts of DNA to form proteins. First 
mRNA is synthesized in the nucleus; this mRNA goes to the 
cytoplasm and protein synthesis begins. Protein synthesis in 
the cytoplasm is also a complex procedure and there are lots 
of control mechanisms on it. Growth factors also have effects 
on many stages of the protein synthesis mechanism (Fig. 1). 
The aim of the gene therapy in somatic cells at the injury or 
the inflammation site is the production of the growth factors 
by local cells. By this way the growth factor or a cytokine 
that can affect the healing process is synthesized by the local 
cells to modify the healing period.

Vectors

For a successful gene therapy, transferred DNA material 
must enter the cell and the nucleus, where it is integrated into 

the chromosomes of host cells or remains separate. A vector 
is an agent used to carry genes into the cells and nucleus. The 
success of gene therapy is parallel to the amount of protein 
that is synthesized in target cell. There are two main group of 
vectors which can be used to transfer genetic materials into 
the cells; viral vectors and nonviral vectors. Viral vectors 
have the advantage of natural ability to enter cells. Currently 
viral vectors can do a more efficient gene delivery than non-
viral vectors do [2, 6]. It is also possible to change the genetic 
material of viruses in order to stop their replication in target 
cells [24]. The most commonly used viruses in gene therapy 
are adenovirus, retrovirus, adeno-associated virus, herpes 
simplex virus, and HVJ (hemagglutinating virus of Japan). 
Liposomes, naked DNA, gene gun are the examples of non-
viral vectors. The nonviral vectors are usually easier to pro-
duce and there is lower toxicity and immunogenicity in their 
use. HVJ–liposomes is a hybrid system in which both lipo-
somes and a virus are used as a vector.

Retroviruses are a class of enveloped viruses containing a 
single-stranded RNA molecule as the genome. They are inte-
grated into the DNA of the host chromosome; that is why 
they have a high level, efficient and long-term gene expres-
sion. Retroviruses can only invade cells that divide often. 
Therefore, blood cells, skin cells, and many other tissues 
cannot be invaded by this vector. Also, they do not insert 
their genetic material in any specific place within the cell’s 
chromosomes.

Adenoviruses are double-helixed DNA viruses that were 
used in gene therapy. They are safer to use than retroviruses 
because the genes are not integrated into the host DNA. They 
can carry bigger DNA particles and also gene expression 
period is shorter than retroviruses.

Adeno-associated viruses and Herpes Simplex virus are 
used infrequently compared to retroviruses and adenoviruses 
in gene transfer. Adeno-associated viruses can carry smaller 
DNA molecules and Herpes Simplex virus has the disadvan-
tage of latent infection and toxicity to the host [19].

There are many other ways of introducing DNA into the 
cell. A simple way is to inject the DNA directly into the 
target tissue. However, it requires large amounts of DNA, 
and can only be done on certain tissues. Also gene expres-
sion is very low in this transfer method. Lipid spheres called 
liposomes can be synthesized to carry DNA. They are able 
to handle larger amounts of DNA than viral vectors. Lipo-
somes can pass through cell membranes but there is diffi-
culty in entering the nucleus which makes gene expression 
lower. A novel hybrid vector based on liposome has been 
developed for more efficient gene delivery and gene expres-
sion in Japan [8]. The liposome was decorated with HVJ 
(Sendai virus) envelope fusion proteins to introduce DNA 
directly into the cytoplasm (Fig. 2). HVJ–liposomes gene 
complex has more efficiency in gene therapy compared to 
liposomes alone [8].

DNA

mRNA mRNA

Nucleus

Inactive
protein

Protein

Inactive
mRNA

Cytoplasm

Fig. 1 Protein synthesis in a cell
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Strategies and Type of Delivery

There are two basic strategies for gene therapy. In the in vivo 
approach, the gene is delivered directly into the target cell or 
tissue. In ex vivo approach, the cells are cultured and gene 
transfer is performed in laboratory, so that these transfected 
cells are then introduced in a targeted tissue (Fig. 3). Direct, 
in vivo method is simple and cheaper; indirect, ex vivo 
method is safer because the gene manipulation takes place 
outside the body. The appropriate gene-transfer method 
depends on various factors, such as the size of the DNA, 
pathophysiology of disorder, and division rate of target cells.

Type of the delivery of genes to the tissues is an important 
issue. Local and systemic delivery of genes was evaluated in 
many experimental works [15, 20, 21]. In systemic delivery 

gene–vector complex injected into the bloodstream allows 
the complex to disseminate to all organs. Major disadvan-
tages of systemic delivery include the low specificity of gene 
expression and the large vector concentration required. 
In local gene therapy gene–vector complex is directly injected 
to the target tissue. In musculoskeletal system, some of the 
parts of the body like joints have the advantage of being 
closed cavities. By performing an injection into the knee 
joint, gene transfer is possible into the anterior cruciate liga-
ment, meniscal and cartilage tissues [20, 21]. This type of 
injection eliminates the disadvantages of systemic delivery.

Limitations of Gene Therapy

The most important limitation of gene therapy is the adverse 
effects of the viral vectors that were used. Some malignant 
diseases were reported after gene therapy [3]. In malignant 
disease, gene therapy can be performed without considering 
such an adverse effect, but in sports injuries these side effects 
are not acceptable. Integration of viral vectors into the genome 
of host cells bears the risk of mutagenesis [1]. The amount and 
the speed of the protein synthesized in the target cell is another 
problem. There is also loss of expression of the transferred 
gene after a few weeks. The reason for this transient gene 
expression is not fully understood. However, this transient 
gene expression can be useful in musculoskeletal disease and 
sports injuries as the healing process is a limited period.

Although there are still many technical difficulties to be 
overcome, recent advances in the molecular and cellular 
biology of gene transfer have made it likely that gene therapy 
will soon start to play an increasing role in sports injuries.

High mobility
group 1 protein

(HMG-1)

DNA-liposome
complex

DNA-With
HVJ-liposomes

Inactive
HVJ

DNA cDNA + HMG-1

Lipids
(phosphatdylcholine,
phosphatdylserine,

cholesterol)

Fig. 2 Preparation  
of HVJ–liposome complex

Direct in vivo
strategy

Indirect ex vivo
strategy

Fig. 3 In vivo and ex vivo gene transfer strategies
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Future Trends in Sports Traumatology:  
The Puzzling Human Joint

Gabriel Nierenberg, Michael Soudry, and Gila Maor 

Introduction

In the “geography” of time, the present is the watershed: on 
one side lies factual history, on the other the unknown future. 
If we were to draw a parallel, for instance, between medicine 
and digital technology – cyber world – it is predicted that 
present silicon-based liquid crystal machines will disappear 
in favor of the biotechnological-computer and further into 
the photonic era of data processing, via light technology. 
Medicine, with a strong foothold in information technology, 
is looking ahead to rely on biotechnology and tissue engi-
neering with its two main branches of tissues and biomateri-
als, with adult mesenchymal stem cells (MSC) as building 
blocks. Embryonic stem cells, cloning, genetics, and xeno-
graft organ “factories” are evolving gradually from science 
fiction to reality. Robotics and navigation surgery are here to 
stay. As we know, history occasionally crosses paths with the 
future and in the case of medicine and technology we may 
even see parallels meet.

Sports trauma medicine, paradoxically to classical medi-
cal concepts, incounters injured but otherwise, healthy peo-
ple. A sound mind and an able body in face of a sport injury 
create high expectations for rapid and complete recovery, 
“restitutio ad integrum.” The ever-changing environment of 
media-driven sport items, extensive industry involvement, 
conflicting economic interests, and ethical strains should 
focus a cautious approach and careful judgment in the treat-
ment we choose to offer our patients.

Finally, sports trauma is an enormous impetus to clinical 
medicine, basic science, and materials R & D (Research and 
Development). It is reasonable to expect that its role will 
increase in the future despite the large effort invested in pre-
vention programs.

Epidemiology

Hyaline cartilage in adults has limited regenerative capacity, 
which prevents spontaneous healing of traumatic injuries. 
Untreated articular cartilage defects eventually progress 
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into osteoarthritis. Clinical strategies aimed at replacing 
damaged articular cartilage would relieve suffering, reduce 
disability, and potentially avoid progression into osteoarthri-
tis in early life. In the attempt to evaluate trends of any mor-
bid process related to sports activity in general and cartilage 
lesions in particular, epidemiologic evolution of incidence 
and prevalence, as well as related legislation and social 
trends, would be the frame for analysis. The recent year’s 
extensive discussion of the “female athlete,” an issue pro-
moted by the 1972 Title IX legislation in the USA, led to an 
exponential rise in female participation in sports activity, by 
guaranteeing equal access to athletic programs in federal 
secondary and college education [33]. The growing concern 
about pediatric and adolescent injuries incurred while engag-
ing in sports activities, as well as the trend of the elderly 
population to be extensively involved in recreational activ-
ity, epitomized as “weekend warriors,” are just some of the 
indicators of future trends and the potential growing injury 
rates.

It is estimated that 385,000 cartilage repair procedures are 
performed yearly in the USA [32]. In a review of 31,516 
arthroscopies, Curl et al. reported 4% Outerbridge grade IV 
articular lesions in patients younger than 40 years of age, and 
an overall 63% incidence of knee cartilage lesions [9]. 
Associated articular cartilage lesions occur in 46% of ACL 
tears in young athletes, while tears of ACL are the second 
most frequent sports injury, reported to have increased by 
3.3% in a 4-year period in a recent study [33].

Marrow Stimulating Procedures: Old 
Concept, New Modifications, Future 
Applications

The Pridie drilling procedure was described in 1959 [27]. While 
the basic biological concept of connecting marrow cells to car-
tilage lesion for the purpose of local regeneration is essentially 
the same, many modifications and technical improvements 
have been applied, and many are still on the way. Introduced 
by Steadmen, breaching the subchondral plate to allow pas-
sage of medullary stem cells with chondrogenic capacity by 
microfracture is widely practiced. The concept of creating a 
“super clot” at the cartilage lesion site to facilitate healing is 
well proven [34]. The procedure demonstrates comparable 
clinical results as chondrocyte implantation and other treat-
ment modalities. Yet, the durability and quality of the regener-
ating tissue is questionable due to its largely fibrous component 
[20, 31]. Presently, microfracture is recommended as first-line 
treatment for traumatic cartilage lesions by a majority of health 
care providers [40]. Many of the clinical trials conducted in the 
field of tissue engineering reference microfracture as a control 
for the evaluation of clinical results [14].

The microfracture “platform concept” inspired the 
 development of Autologous Matrix-Induced Chondrogenesis 
(AMIC), where a porcine collagen type I/III (Chondroguide) 
bio-absorbable membrane is glued to the microfracture site 
to create a biological chamber to facilitate the MSC regen-
erative potential [37].

Recently, bone marrow aspirates (BMA) are being cen-
trifuged for cell isolation, to be seeded on a bioabsorbable 
membrane and implanted to cover cartilage defects [11].

Currently, the processing of locally debrided chondro-
cytes with expanded bone marrow cells seeded on a biomate-
rial scaffold is under investigation, assuming the presence of 
a synergistic effect between primary chondrocytes and mar-
row cells. Cells trimmed and collected from local cartilage 
injury, cultured on collagen type I gel media, were proposed 
as an alternative to the harvesting of healthy tissue from the 
joint, as well as an attempt to overcome the quality decline of 
the cultured cells [3, 5, 8].

Tissue Engineering and Cell-Based  
Therapy: Reset Cartilage Repair

What we know and what we do not know
Three major categories need consideration when cartilage 

tissue regeneration is discussed. The “cell,” whether mature 
chondrocyte or adult MSC, will invariably undergo dediffer-
entiation. The “carrier,” scaffold and cells state of aggrega-
tion, we do not know the ideal scaffold that may optimize 
cell function. The local “environment,” target organ as well 
as the patient’s constitution, are multifactorily influenced 
subjects. In each of these categories, major unsolved issues 
await clarification.

The Cell

Autologous chondrocytes implantation, with all its draw-
backs, is presently the most advanced technology by far in 
cartilage reconstructive surgery and the only one engaging a 
large variety of applications derived from the field of tissue 
engineering. However, among many yet unclear issues, two 
major biological phenomena are to be explored. Firstly, the 
process of cell differentiation insufficiencies, whether due to 
the number of passages in culture [13], signaling mechanism 
dependent on homeostatic factors [26], spatial arrangement 
of cells, mono layer versus three-dimensional [39], cell 
senescence and matrix degradation [36], are just a few 
among numerous factors potentially influencing the process. 
Second is the inability to quantify the influence of inherent 
genetic factors and environmental changes on the phenotypic 
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expression of the implanted cell. It is known to be influenced 
by donor age [15, 24], the presence of trauma [19], gender 
with regard to hormonal response, mechanical stress, and 
various other factors.

The Cell Carrier: Scaffold

The fastest response for cartilage-cell-based therapy has 
emerged from the biomaterial industry. First generation ACI, 
a purely biological mode of treatment, is composed of a cell 
suspension injected into a water-tight “biological chamber” 
covered with a periosteal flap sutured to the edge of the chon-
dral lesion. However, the uncertainty in monitoring water 
tightness and cell washout, as well as the demanding surgical 
technique and reported complications, has triggered exten-
sive biomaterials research into facilitating the mechanics of 
the implanted tissue, reducing surgical morbidity, improv-
ing biological behavior, and eventually upgrading clinical 
results.

The second-generation ACI, bioabsorbable membranes of 
porcine collagen type I/III (Gaistlich), rendered harvesting of 
periosteal tissue redundant, further simplifying surgery and 
reducing morbidity. In the third-generation cartilage implan-
tation, a three-dimensional matrix seeded with expanded cells 
is used for cartilage defect filling. Structurally, three-dimen-
sional scaffolds present two types: open pore matrix, where 
cells are seeded and create a columnar pattern facilitating 
spatial arrangement of the cells (Prochon) [23]; and closed 
pore matrix, or multilayer type, where cells are seeded in 
multiple horizontally oriented layers [29]. A variety of mate-
rials have been found to be suitable for scaffolds, such as 
vegetal agarose/alginate composite, textile-based composite 
(chondrotissue), hyaluronic acid (hyalograft C) [18], ceram-
ics, and polyethylglycol (PEG) on fibrinogen with various 
degrees of hardening capability dosed upon exposure time 
of UV irradiation.

The scaffold construct will gradually become a product of 
nanotechnology, where scaffold material is processed by 
electro-spinning to be arranged specifically to accommodate 
the particular cell [35]. In multilayered organization of elec-
trospun nanofiber membranes, for marrow-derived mesen-
chymal stem cells (MSC) support, the cells are seeded on an 
electrospun scaffold composed of polyepsilon-caprolactone 
(PCL) and collagen (COL), and cultured in a dynamic flow 
bioreactor prior to in vivo implantation.

Current Concepts

Tissue engineering has evolved immensely in the last two 
decades. However, in the domain of autologous cartilage 

regeneration, although constant renewal and progress is reg-
istered, a setback has occurred as a growing body of clinical 
evidence becomes available. Lars Peterson pioneered and 
Brittberg et al. [7] reported the clinical application of 
Autologous Chondrocyte Implantation (ACI); since then, a 
number of short- and medium-term randomized control stud-
ies have been conducted, in which no dicisive clinical supe-
riority could be demonstrated compared to other currently 
available techniques [4, 7, 14, 31].

While the improvement in ACI technology since its incep-
tion, from injected cell suspension covered with periosteal 
flaps, to cell modulation and three-dimensional scaffolds is 
notable, the biologic essence of the chondrocyte-matrix pro-
ducing cell has not been fully deciphered and certainly not 
fully replicated [2, 30]. Hyaline cartilage is a highly special-
ized tissue. Although offering resemblance to the original 
tissue, ACI technology presently offers “hyaline-like” carti-
lage with various proportions between 15% and 50% of 
fibrocartilage formation [16, 21].

Moreover, in a critical analysis of the existing literature 
related to ACI to ascertain safety and effectiveness, Rauno 
et al. meta-analyzed three clinical trials and nine case series. 
No evidence was found that ACI is more effective than other 
conventional techniques [28]. This evaluation was performed 
because of concerns raised regarding the interpretation of the 
results in the existing literature, such as absence of random-
ization and controls, outcome analysis (knee scores), and 
absence of biochemical (collagen typing) and biomechanical 
data [25]. The evolution of ACI followed three “genera-
tions”: first-generation cell suspension (Carticel Genzym) 
and periosteal flaps in a “biological chamber”; second-gen-
eration cell seeding on bioabsorbable cover material (MACI); 
and third-generation, where cells are seeded on a three-
dimensional scaffold (Cartipatch-TBF).

The growing effort to improve tissue quality and thereby 
influence clinical results has produced more “sophisticated” 
products, such as cell enhancement with FGFv growth factor 
introduced in the culture, where the cells are seeded into an 
open pore three-dimensional type of fibrin scaffold (Biocart 
II, Prochon Israel) [23]; immunophenotype selection to 
 identify cell quality by submission of the cultured cell to a 
defined battery of gene testing; and select cell population with 
less cell differentiation insufficiencies thus increasing chon-
drogenesis potential (Chondroselect Tigenix Belgium) [30].

Cartilage Transplantation: Potential Future 
Technologies

Recently, the term “generation” referring to cartilage recon-
structive strategies has been redefined regarding cells of 
autologous origin as first generation, allogenic origin as 
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second and, potentially, as the term increasingly reverber-
ates, human application of animal cells culture – xenograft, 
as third generation in the near future.

Preliminary clinical trials of allogenic chondrocytes 
implantation have been reported with reasonable clinical 
results at 2-years follow-up [1]. The quest for alternative 
cartilage tissue is ongoing and will be increasingly present 
in the future. To a large extent, many of the new ventures 
are company- and patent-protected scientific platforms that 
become public knowledge at an unknown designated time. 
It is reasonable to think that the field of cartilage regenera-
tion will interact with genetic and protein factors delivery 
research and applications, as well as with embryonic stem 
cells and nanotechnologies in biomaterials and scaffolds.

At the present time, cell-based therapy is costly, surgi-
cally staged, and logistically complex. It is not recognized as 
a first line of treatment and, yet, it is the most advanced and 
currently promising treatment modality.

Tissue Engineered Xenograft Implantation

Reviewing the landscape of clinical necessity, biological 
drawbacks, logistics, and costs, a broader view of the possible 
solutions seemed appropriate. The clinical application of liv-
ing or processed animal tissue – xenograft – is not new. The 
challenge to find a tissue source that will sustain rigorous 
safety requirements and, at the same time, demonstrate effec-
tiveness is great. Several reports from the field of xenograft 
applications in musculoskeletal tissue are available, such as 
anterior cruciate ligament reconstruction which poses a few 
problems, for instance harvest site morbidity when native tis-
sue is used for a patellar tendon or hamstring muscle-tendon 
unit. In case of allograft tissue, availability and transmittable 
disease is a concern. Hence, the search for alternatives as well 
as the attempt to evaluate immunologic response, soon led to 
the clinical application of porcine patella tendon implanted in 
humans, as reported by Stone et al. Ten subjects underwent 
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standard ACL reconstruction with pig patella tendon pro-
cessed with recombinant -galactosidase to devoid the tissue 
from -gal epitopes, and moderate cross-linking of collagen 
fibers was undertaken. Five of the ten reconstructed ligaments 
were reported as functioning at 2-years follow-up [38].

Studies of the immunologic response of primates to por-
cine hyaline cartilage were conducted in an attempt to better 
understand and evaluate the feasibility of using porcine ori-
gin cartilage for clinical applications by Galili et al. [10].

Maor et al. have conducted a large animal preclinical trial 
where the cartilage cells from the temporo-mandibular joint 
(TMJ) of neonatal Sinclair minipigs was targeted as a possi-
ble source for cells to be investigated. The rationale was com-
posed of several facts. The mandibular condyle, being apical 
and superficial, is easy to harvest [17]. Cartilage tissue is 
inherently immune, privileged as living cells are “protected” 
by dense extracellular matrix [12]. The mandibular condyle 
of a neonatal porcine is the only joint component that serves 
as an epiphyseal growth plate (EGP) and as articular cartilage 

at the same time. Being very young, EGP tissue is endowed 
with a high capacity for spontaneous differentiation into 
chondrogenic matrix producing cells. In vitro study has dem-
onstrated production of genuine hyaline cartilage (Figs. 1 and 
2). The preclinical study conducted on goats demonstrated 
promising results both in term of safety and efficacy. Further 
immunologic studies are commencing.

Human embryonic stem cell (hESC) science is rapidly 
evolving despite ethical concern. Currently it is mainly in 
research and laboratory activity phase. Targeting cells to dif-
ferentiate properly under various influencing factors to 
become complex functioning hyaline cartilage as well as 
ligaments with tensile characteristics is in progress. Whether 
isolated, or in combination with other potentially chondro-
genic cells for reciprocal influences [6] and in presence of 
protein factor regulatory effects [22], sooner than later hESC 
will be present in clinical practice.

The growing number of tools, devices, materials, tissues, 
and technologies available create a complex reality where 

T
yp

e 
II 

co
lla

ge
n

a

Normal

T
yp

e 
I c

ol
la

ge
n

b

dc

Treated-lesion

Fig. 2 Collagen type I and 
type II biopsy at 6-months 
post-xenotransplantation. 
Immunohistochemistry (IHC)



1182 G. Nierenberg et al.

keen alertness to changes is required as well as sound judg-
ment in their application. In face of raising patient’s expecta-
tion, information explosion, and available technologies, 
mounting pressure will be put on the shoulders of the clini-
cian. Nevertheless, it never fails you standing in that 
crossroad.
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A Tissue-Engineered Approach to Tendon 
and Ligament Reconstruction

Patrick W. Whitlock, Thorsten M. Seyler, Sandeep Mannava,  
and Gary G. Poehling 

Introduction

Tendon and ligament injuries place a high cost burden on the 
US economy, accounting for nearly 32 million orthopedic 
musculoskeletal injuries annually [10]. Tissue-engineering, 
specifically, the production of an optimized scaffold for soft 
tissue augmentation, reconstruction, or regeneration may 
offer many significant advantages over traditional allografts 
or autografts. Traditional allograft tissue is limited in supply 
and poses concerns surrounding disease transmission from 
host to donor as well as concerns regarding inflammatory 
reactions to donor cell material and possible decreases in 
tensile properties in grafts that undergo chemical steriliza-
tion or irradiation [39]. Autograft tissue is associated with 
significant donor site morbidity (pain, muscle atrophy, ten-
donitis, prolonged rehabilitation), as well as increased proce-
dural cost and delay in return to activity [63].

Due to the limitations associated with both autograft and 
allograft tissues there has been interest in engineering a replace-
ment ligament with biological and biomechanical properties 
similar to that of the native tissue. A tissue- engineered scaf-
fold for use in tendon and ligament reconstruction has the 
potential to reduce or prevent disease transmission from 
allografts and diminish any potential immunologic foreign-
body response associated with allograft reconstruction. An 
ideal scaffold for tendon and ligament reconstruction would 
be [10]: naturally derived from either allogeneic or xenoge-
neic material amenable to host-cell-mediated remodeling 
in vivo [39]; devoid of cellular material to minimize inflam-
matory potential, disease transmission, and host immune 
response [63]; cytocompatible [73]; of optimal micro- 
architecture to promote efficient cell seeding, infiltration, and 
attachment of the recipient’s own cells prior to or after implan-
tation; and [62] distinguished by sufficient biomechanical 
integrity to withstand rehabilitation until complete remodeling 
has occurred [73]. Such a scaffold should serve as a template 
for cell attachment, promote rapid remodeling, possess 
increased strength, demonstrate improved healing, and permit 
early rehabilitation and return to function after implantation.  
In addition, the possibility of “off-the-shelf” availability of 
such a scaffold would eliminate the donor site morbidity, 
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increased surgical time, increased cost, and poor function 
associated with autologous tendon harvest (currently consid-
ered the “gold standard” in clinical applications). In summary, 
an optimized scaffold would have the potential to vastly 
improve the treatment of tendon and ligament injuries, espe-
cially those associated with tumor, trauma, and congenital 
deficiencies, where autograft or allograft tissue might not be 
available in sufficient quantity for reconstruction.

Clinical Significance

Tissue-engineered tendon and ligament scaffolds have 
numerous potential uses. Applications include those cur-
rently treated with allograft tissue such as coracoclavicular 
ligament reconstruction for the treatment of grade III acro-
mioclavicular joint separations (semitendinosus) and recon-
struction of chronic biceps tendon ruptures (tendoachilles). 
Reconstruction with both of these techniques has been suc-
cessfully demonstrated in the literature [56, 62]. Chronic 
rotator cuff tears with retraction of the rotator cuff tendon/s 
may represent the area of clinical orthopedic surgery that 
could benefit most from a tissue-engineered scaffold for 
reconstruction. Tissue-engineered constructs could be used 
to bridge large retracted tendon defects, potentially improv-
ing the healing and remodeling of the torn rotator cuff. At 
present, there is no single, optimal surgical treatment that 
successfully restores pre-injury shoulder strength, range of 
motion, and function [55]. Despite considerable surgical 
advances, these surgeries are still associated with a high rate 
(20–70%) of recurrent tearing [3, 6, 17, 26, 27, 32, 53]. Poor 
outcomes are often associated with several risk factors such 
as large tear size [9, 26, 27, 45, 58, 68], high degree of mus-
cle atrophy [26, 33, 34, 58], poor tendon quality [7, 14, 18, 
26], and inappropriate postoperative rehabilitation protocols 
[3, 18, 26, 27, 36, 53, 58]. Defect augmentation of the torn 
rotator cuff with porcine small intestine submucosa, dermal 
grafts, and/or tissue engineered grafts can be used to bridge 
large retracted tendon defects. Although the results have been 
mixed, these methods have the potential to improve the heal-
ing and remodeling of the injured tendon [4, 5, 12, 15, 20, 24, 
25, 37, 38, 52, 60, 64, 74]. The role of tension in implanting 
these grafts is critical to the ultimate surgical success follow-
ing reconstruction [30, 31, 41]. After rotator cuff injuries, it 
can take an increased amount of tension to repair the tendon 
back to the humeral head secondary to muscle atrophy and 
retraction [26, 30, 31]. The use of tissue-engineered con-
structs will alleviate the excessive tension required for the 
repair of some rotator cuff tendons and this may result in 
improved surgical outcomes. In summary, large and chronic 
rotator cuff tears pose a significant clinical problem that is 
inadequately addressed by current orthopedic interventions. 

Tissue-engineered constructs offer a promising alternative 
to current graft options by delivering a graft with favorable 
mechanical properties to the site of injury, to aid in the ini-
tial reconstruction of tendons and ligaments immediately 
after surgery, as well as graft integration and healing in the 
months to years following surgery. Use of a tissue- engineered 
construct eliminates the constraints on graft availability and 
offers the advantage of reduced morbidity, quicker rehabili-
tation, and more rapid graft bio-incorporation. Thus, use of 
tissue-engineered constructs in rotator cuff reconstruction 
surgery might allow for a substantial improvement over pres-
ent surgical treatments. Implanting a tissue-engineered graft 
with favorable mechanical properties will allow for an expe-
dited return to work and recreational activities for patients 
who have undergone rotator cuff reconstruction surgery.

The anterior cruciate ligament is one the most commonly 
injured ligaments of the knee, accounting for approximately 
400,000 reconstructions at a cost of $3–4 billion in the USA 
alone [47]. Once torn, it does not heal and may lead to joint 
instability, subsequent chondral and meniscal injury, osteoar-
thritis, and long-term disability. The current “gold standard” 
for the treatment of ACL injury is the placement of an intra-
articular autograft or allograft. Current graft choices for ACL 
reconstruction include bone-patellar tendon-bone, fascia latae, 
and hamstring autografts, as well as bone-patellar tendon-
bone, hamstring, and Achilles tendon allografts. Autogenous 
bone-patellar tendon-bone grafts have been considered the 
traditional the “gold standard” and combine several advan-
tages such as greater fixation strength, superior mechanical 
properties, and good long-term results when compared to 
other grafting techniques [13, 63]. Moreover, autogenous 
tissue avoids the perceived risk of disease transmission that 
is associated with allografts. Disadvantages associated with 
autogenous bone-patellar tendon-bone grafts including quad-
riceps weakness, arthrofibrosis, patellofemoral pain, patellar 
tendinitis or rupture, patellar fracture, and patella infera syn-
drome. Recently, there has been a surge of interest in the use 
of autogenous hamstring tendon grafts due to improvements 
in graft fixation techniques and the preparation of multiple 
bundle grafts. Although this graft choice has become more 
popular, hamstring tendon grafts rely on soft tissue-to-bone 
healing, which occurs at a slower rate than bone-to-bone heal-
ing [39]. Other disadvantages for hamstring grafts include 
potential harvest pain and flexion torque loss. With the advent 
of the freeze-dried and cryopreserved sterilization process of 
allografts, initial concerns of graft weakness using the ethyl-
ene oxide sterilization process have been addressed and good 
graft strength and stiffness have been demonstrated using 
allogenous bone-patellar tendon-bone grafts [63]. Potential 
advantages of allografts include decreased donor site mor-
bidity, immediate availability of various graft sizes (off-the-
shelf), less postoperative pain, better postoperative function, 
and lower incidence of postoperative arthrofibrosis. However, 



A Tissue-Engineered Approach to Tendon and Ligament Reconstruction 1187

one of the major drawbacks of using allografts is slow incor-
poration into host bone and delayed graft remodeling, which 
may lead to reduced graft strength and early failure [39, 63]. 
Despite success with the use of both autogenous and allog-
enous grafts choices, there is no consensus among orthopedic 
surgeons on the “perfect graft” choice [13, 21, 35, 66], and sur-
geons continue to seek alternative reconstruction techniques 
in an attempt to reduce complications and improve long-term 
outcomes. Therefore, potential tissue-engineered solutions to 
improve ACL reconstruction are of the utmost clinical interest 
to orthopedic surgeons.

Graft Choices

Tissue engineering is a field that will significantly contribute 
to the development of novel therapeutic strategies in liga-
ment and tendon reconstruction in the future. Over the last 
decade, various synthetic and naturally-derived tissue engi-
neered scaffolds for tendon and ligament reconstruction have 
been developed. The majority of efforts have focused pre-
dominantly upon ACL reconstruction and significant 
advances have been made in characterizing the anatomy, tis-
sue composition, biomechanical, and biochemical properties 
of the ACL. The complex geometry and the inter-dependence 
between these factors are in part responsible for the chal-
lenges encountered in the development of a tissue engineered 
ACL graft. The use of synthetic ligaments for ACL recon-
struction grafts gained popularity in the late 1980s, and cur-
rent tissue-engineering strategies have relied predominantly 
upon these scaffolds. Advantages of using synthetic grafts 
include the elimination of autogenous tissue harvest, donor 
site morbidity, and risk of disease transmission. However, 
synthetic grafts have been associated with a high incidence of 
chronic foreign body inflammation, debris-induced synovi-
tis, mechanical limitations, and complete graft rupture [23, 
59]. In recent years, the focus has shifted to the use of natu-
rally derived scaffolds and materials [29, 46, 69, 73]. 
Naturally-derived scaffolds combine several important 
advantages including: elimination of additional surgical pro-
cedures to harvest tissue (decreased operative time), minimal 
patient morbidity (no requirement for tendon graft harvest), 
simple surgical technique for implantation with established 
fixation methods, mechanical integrity for a duration suffi-
cient to allow host tissue ingrowth and allow for immediate 
stabilization of the knee, biocompatibility of the graft mate-
rial and enhanced host remodeling, preservation of the extra-
cellular protein matrix (cell attachment and proliferation), 
biodegradation at a rate sufficient to allow for complete inte-
gration of the bioengineered tissue into the host tissue fol-
lowing implantation and until complete remodeling has 
occurred in vivo, and minimal risk for infection or disease 

transmission. To date, decellularized tissues have been suc-
cessfully used in a variety of tissue engineering/regenerative 
medicine applications [22, 29, 46, 69, 73]. We have previ-
ously reported on the development of a naturally-derived 
scaffold derived from decellularized tendon suitable for ten-
don and ligament reconstruction [73].

ACL Reconstruction

The insufficient vascularization of the ACL prevents it from 
healing completely after a tear or rupture, creating a need for 
operative reconstruction. Four options have been utilized for 
the repair or replacement of a damaged ACL: (1) autografts, 
(2) allografts, (3) xenografts, and (4) synthetic grafts. 
Autogenous tissue avoids the perceived risk of disease trans-
mission and demonstrates superior rates of graft incorporation 
and remodeling when compared to allograft tissues [39]. 
Traditionally, autogenous bone-patellar tendon-bone grafts 
have been considered the “gold standard” and combine several 
advantages such as greater fixation strength, superior mechani-
cal properties, and good long-term results when compared to 
other grafting techniques [13, 63]. The graft consists of the 
central one-third of the patellar tendon and includes bone plugs 
proximally from the patella and distally from the tibia. Bone-
patellar tendon-bone offers the strongest healing potential 
because it relies mainly on bone-to-bone healing between the 
graft bone plug and the tunnel [61]. However autogenous 
bone-patellar tendon-bone grafts are also associated with dis-
advantages. Disadvantages include quadriceps weakness, 
arthrofibrosis, patellofemoral pain, patellar tendinitis or rup-
ture, patellar fracture, and patella infera syndrome [66]. Due to 
improvements in graft fixation techniques, the preparation of 
multiple bundle grafts, and reduced donor site morbidity, there 
has been an increase in the use of hamstring tendons as 
autograft option for ACL reconstruction. The hamstring graft 
has evolved from using a single strand of either semitendino-
sus or gracilis tendon to a quadruple loop combination of sem-
itendinosus and gracilis tendons. Although this graft choice 
has become more popular, a disadvantage of the hamstring 
tendon graft is that it relies on soft tissue-to-bone healing, 
which occurs at a slower rate than bone-to-bone healing [39]. 
Moreover, hamstring grafts are associated with harvest pain 
and flexion torque loss.

The use of allogenic tissue is another common alternative 
for reconstructing the ACL. Potential advantages of allografts 
include decreased donor site morbidity, immediate availabil-
ity of various graft sizes (off-the-shelf), less postoperative 
pain, better postoperative function, and lower incidence of 
postoperative arthrofibrosis. The greatest disadvantage of 
allografts is the potential risk of disease transmission. Despite 
rigorous national guidelines and standards to ensure 
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musculoskeletal allograft safety, contamination of allografts 
can occur when the tissue is still confined to the donor’s cor-
pus as well as during or after tissue removal because of 
improper tissue-processing procedures. In the past, the two 
methods employed to avoid disease transmission were graft 
sterilization using ethylene oxide treatment or gamma irra-
diation. Ethylene oxide is no longer used because the gas 
leaves toxic by-products that are associated with synovitis 
and intra-articular graft destruction. Gamma irradiation is 
thought to create free radicals that modify nucleic acids lead-
ing to virus and bacterial destruction. The downside of 
gamma irradiation, in particular in high-dose gamma irradia-
tion, is that it has also been associated with disruption of the 
structural integrity of the graft [70]. Therefore, both steriliza-
tion techniques are currently not used on allografts for ACL 
reconstruction. Concerns focusing on graft weakness and 
adverse events caused by employing ethylene oxide or high-
dose gamma irradiation sterilization processes and allograft 
tissue safety have been addressed by employing multimodal 
processes that involve sterile harvesting of tissue from the 
donor, rigorous donor screening/testing, antibiotic soaking, 
low-dose irradiation (1.2–1.8 Mrad), and a final preservation 
technique such as lyophilization or freezing [13, 54]. More 
recently, BioCleanse (Regeneration Technologies, Alachua, 
FL) a low-temperature, chemical sterilization process is used 
to effectively remove endogenous donor material such as 
blood and lipids and eliminate bacteria, bacterial spores, 
fungi, and viruses without compromising mechanical 
strength [40]. Despite these advances in graft sterilization 
and the associated safety of allograft tissues, one of the major 
drawbacks of using allograft tissue is slow incorporation into 
host bone and graft remodeling, which may lead to reduced 
graft strength and early failure [39].

In the 1980s, bovine xenografts cross-linked with glutar-
aldehyde were used with moderate success. Because follow-
up studies could not reproduce the promising findings 
obtained with short-term follow-up, bovine xenografts failed 
to obtain Food and Drug Administration (FDA) approval 
secondary to high failure rates. The mechanism of failure for 
the bovine-based devices included poor biocompatibility, 
improper biomechanical properties, and graft rejection attrib-
uted to excess glutaraldehyde [59, 71].

The potential advantages of synthetic ligaments are multi-
fold. They would eliminate the problems of graft harvest, would 
be readily available for use, and would offer no risk of disease 
transmission. However, a problem with synthetic grafts is iden-
tifying the ideal combination of biomaterials that would mimic 
the native ligament structure and provide initial support for the 
knee, while allowing gradual ingrowth and graft remodeling. In 
the 1980s, a spectrum of devices has been created including 
Dacron, Kevlar, and carbon fiber grafts. The initial clinical suc-
cess using nondegradable synthetic scaffolds could not be 
maintained in long-term studies because these grafts frequently 

failed due to inappropriate mechanical properties, material 
fatigue profiles, and material shedding [8, 48, 65, 72]. The most 
commonly cited adverse events associated with synthetic grafts 
are based on extensive wear as well as foreign-body responses 
[59]. Retrieval studies have found abraded synthetic particles in 
the joint space, lymph nodes, and other lymphatic tissues dem-
onstrating a chronic inflammatory response [49].

Although clinical success is seen in a large majority of cases 
using these modern replacement options, there is no consensus 
among orthopedic surgeons on the “perfect graft” choice [35, 
63, 66]. Surgeons continue to seek alternative reconstruction 
techniques in an attempt to reduce complications and improve 
long-term outcomes. To date, no tissue engineered graft has 
been developed that can challenge success rates of ACL recon-
struction achieved with either autograft or allograft tissue. A 
successful tissue-engineered graft must possess mechanical 
properties similar to the native ACL. The maintenance of suf-
ficient mechanical properties of the scaffold until both graft 
osteointegration and remodeling have occurred is a critical 
requirement for scaffold design [71]. The “ligamentization” of 
a tissue-engineered graft is a complex process and requires high 
porosity to allow cell infiltration. After implantation, the graft is 
populated with host cells derived from the synovial fluid [51]. 
Graft revascularization then occurs predominately from the 
infrapatellar fat pad distally and from the posterior synovial tis-
sues proximally [57]. Both cell infiltration and revasculariza-
tion will initiate matrix remodeling, which ultimately increases 
tensile strength [39]. Tissue engineering of ligaments is a prom-
ising approach to create a graft that promotes site-specific 
remodeling, enhanced osteointegration in the bone tunnel, a 
ligament-like transitional zone, and an intra-articular region 
with ligament-like collagen orientation and cell infiltration.

Synthetic Scaffolds

There are several materials in existence for use as ligament 
scaffolds which are derived from synthetic and naturally 
derived materials. Synthetic materials have been associated 
with harmful breakdown products shown to be cytotoxic and 
antimitotic [28]. They also possess physical and mechanical 
properties which do not approximate living tissue. An ideal 
scaffold would degrade at a rate that matches remodeling by 
host tissues. Unfortunately, scaffolds which allow early, 
aggressive rehabilitation and early return to function degrade 
very slowly and are incorporated into host tissue poorly. 
Those synthetic materials that do degrade at a rate that allows 
host-cell infiltration and remodeling do not possess suffi-
cient biomechanical properties to allow early, aggressive 
rehabilitation and early return to function [50]. It has also 
been shown that these materials do not transmit physiologic 
strain effectively to seeded cells resulting in a loss of 
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mechanical stimuli, resulting in suboptimal ligament mor-
phology [1, 11, 44]. The most common naturally derived 
scaffold material is reconstituted bovine collagen. Although 
bovine collagen is biocompatible, it is poorly organized at 
the ultra-structural level and does not possess sufficient 
mechanical properties to support immediate rehabilitation 
and return to function after in vivo implantation [43, 44].

Naturally Derived Scaffolds

Recently, the focus in tissue engineering has shifted to the use 
of naturally derived scaffolds in orthopedic surgery. Naturally 
derived extracellular-matrix scaffolds have evolved as a via-
ble option for tendon and ligament repair [22, 29, 46, 69]. 
However, some materials, such as small intestinal submu-
cosa, lack the initial strength to adequately replace tissue 
structures; instead they have been utilized successfully to 
augment soft tissue repairs [3, 15, 20, 37, 38, 60, 74]. Naturally 
derived scaffolds have several advantages, including elimina-
tion of additional surgical procedures to harvest tissue and 
decreased donor site morbidity, simple surgical technique for 
implantation with established fixation methods, mechanical 
integrity for a duration sufficient to allow host tissue ingrowth, 
biocompatibility of the graft material and enhanced host 
remodeling, preservation of the extracellular protein matrix 
(cell attachment and proliferation), and minimal risk for 
infection or disease transmission. However, concerns regard-
ing the presence of donor cellular material and the cellular 
epitope, alpha-galactosyl, remain [19, 42, 67].

Future Directions

As previously stated, an ideal scaffold for tendon and liga-
ment reconstruction would be: (1) naturally derived from 
either allogeneic or xenogeneic material amenable to host-
cell-mediated remodeling in vivo; (2) devoid of cellular 
material to minimize inflammatory potential, disease trans-
mission, and host immune response; (3) cytocompatible; 
(4) of optimal micro-architecture to promote efficient cell 
seeding, infiltration, and attachment of the recipient’s own 
cells prior to or after implantation; and (5) distinguished by 
sufficient biomechanical integrity to withstand rehabilita-
tion until complete remodeling has occurred [73]. Research 
in the reconstruction of tendons and ligaments within the 
Musculoskeletal Tissue Engineering Laboratory at Wake 
Forest University has focused on several areas. We have 
previously published the development and characterization 
of a novel scaffold suitable for tendon and ligament recon-
struction [73]. Current research involves the production of 

a similar scaffold derived from both allograft and xenograft 
sources for tendon and ligament reconstruction. Further 
studies have begun to investigate the interaction of these 
scaffolds with adult peripheral multi-potent progenitor cells 
derived from adipose tissue, as well as cells isolated from 
tendons and ligaments themselves. The interaction of cells 
and scaffold in cell culture environments that allow appli-
cation of external mechanical stimulation in a “bioreactor” 
are also under investigation [2, 16].
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Bioactive Radiofrequency Effects  
on Ligament and Tendon Injuries

Terry L. Whipple and Diana Villegas 

Background

Non-penetrating sports injuries to soft tissues may be as 
debilitating as bone fractures. They may take longer to heal, 
longer to rehabilitate, and may be more prone to recurrent 
injury. Excluded from this discussion are injuries to visceral 
structures, nerves, and vessels. Included, however, are the 
common injuries to ligaments, tendons, and muscle. Complete 
rupture or avulsion of these structures usually require surgi-
cal repair. Incomplete disruption, however, ligament sprains 
and musculotendinous strains, have not received significantly 
different treatment for the past century or more.

Rest of the body part by any form of immobilization – 
whether by splinting, casting or non-weight bearing – not only 
affords a degree of comfort but also prevents further aggrava-
tion of an injury. Compression and elevation help to prevent or 
relieve swelling. Applications of ice or some other means of 
cooling in the early stages following injury partially numbs 
the pain, but also constricts vessels to reduce internal bleeding. 
Prolonged cooling appears to reduce tissue metabolism, how-
ever, and may actually impair healing. Delayed application of 
heat is also comforting and is known to increase vascular dila-
tation and improve the availability of oxygen and nutrients to 
injured tissues. These guides have formed the sum and sub-
stance of treatments for non-penetrating sports injuries to liga-
ments and musculotendinous structures until only recently.

England elaborated on the common characteristics and 
pathways of the natural healing response to soft tissue wounds 
[12, 13]. More thorough recent understanding of the chemical, 
cellular, and vascular events of wound healing commend a 
greater degree of logic to modern treatment of traumatic inju-
ries. Adapted to sports trauma, players and participants will 
enjoy more rapid return to sporting activity and possibly more 
thorough rehabilitation with reduced propensity to recurrence.

Cumulative trauma and overuse injuries produce similar 
patterns of tissue injury to acute sports trauma, although 
to a lesser degree and over a longer period of time. 
Inflammatory vascular and cellular reactions are common 
to both. Cumulative trauma may manifest alternating peri-
ods of injury and incomplete recovery over time. Incompletely 
healed tissues of any kind are more susceptible to reinjury. 
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Athletes experiencing overuse or cumulative injuries may 
adapt to their symptoms until actual tissue failure or dysfunc-
tion. It is therefore imprudent to suppress symptoms alone to 
permit continued participation for long periods without 
accommodation for complete tissue wound healing.

Optimal treatment for either acute or cumulative sports 
trauma requires an understanding of the methods by which 
injured tissues heal. All musculoskeletal tissues are relatively 
hypocellular. They contain dense concentrations of collagen, 
the molecular basis of all connective tissues, including bone, 
cartilage, and skin. Contused, torn, or stretched connective 
tissues evoke a cascade of chemical and inflammatory reac-
tions. With or without bleeding, blood vessels dilate and edema 
seeps into the intercellular matrix of the tissues. Inflammatory 
responses are the keystone to recovery. Locally, an influx of 
mast cells and macrophages respond to the disruption of cells 
and collagen fibers. There is an increased expression of pro-
teins from damaged native tissue fibroblasts. The physical and 
chemical changes stimulate nociceptors which in turn trans-
mit pain signals through small caliber, unmyelinated or thinly 
myelinated afferent nerves or C-fibers. Angiogenesis follows, 
as well as fibroplasia and the ultimate production of new col-
lagen. In time the new collagen is compacted, reorients into a 
fibrillar pattern structure and ultimately produces mature scar 
tissue, which may eventually remodel into local host tissue – 
muscle, tendon, ligament, or even skin or bone.

Subjected to recurrent injury as in the case of cumulative 
trauma, the inflammatory-based natural wound-healing response 
(WHR) may be disrupted. Disruption of the inflammatory 

process by any means will similarly impair the natural cascade 
of events to natural, mature wound healing. It is for this reason 
that administration of steroids or nonsteroidal anti-inflammatory 
drugs (NSAIDs) is illogical and has become contraindicated fol-
lowing trauma. Additionally, the immediate administration of 
NSAIDs, even aspirin, following trauma may compound the 
injury by interfering with platelet adhesion and thereby increas-
ing any bleeding, swelling, and bruising.

Sports trauma, like any other, is most successfully treated 
by facilitating or enhancing the body’s natural healing 
responses, but certainly not by inhibiting or impairing them. 
As described, chemical, cellular, even molecular reactions are 
involved in the natural wound-healing response. Many of 
these reactions can be favorably influenced by thermal stimuli 
when specific temperature thresholds are reached. Essentially, 
these thresholds represent thermal switches for either molecu-
lar or cellular responses. There are two known categories of 
thermally induced responses – structural and biological.

Structural Effects

At temperatures of 60°C the breakage of long sequences of 
the hydrogen bonds that stabilize the triple helix of collagen 
molecules occurs [23], collapsing the molecule and causing 
soft connective tissue to shrink. This is a time-dependent pro-
cess, occurring in compliance with the Arrhenius equation, 
and is irreversible. Linear collagen fibers of the tissue are 
coagulated (Fig. 1). The heated tissue will physically shrink or 

a b

Fig. 1 Ligament (ATFL) heated to 60°C. (a) H&E stain. (b) Same under polarized light
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contract in mass (or in size). Thermal heating thus has been 
used to shrink and tighten structures in clinical settings, nota-
bly joint capsule  tissue and ligaments.

Biological Effects

Very important biologically mediated effects result from heat-
ing tissues to supra-physiological temperatures. Above 60°C 
there is a predictable influx of macrophages and other inflam-
matory cells. These cells produce and express characteristic 
proteins known as Heat Shock Proteins (HSPs). Supra-
physiological temperatures induce an overexpression of HSPs 
[47]. HSPs have been described to protect cells in vivo and 
in vitro against diverse insults [15, 18, 29, 46]. This sequence 
is typical of the WHR of both surgical and thermal injuries that 
are based on a predictable cascade of inflammatory events.

Radiofrequency as an Optimal Heat Source

There are several options for heating injured tissues. Athletes, 
trainers, physical therapists and physicians have employed 
many resources commonly in the training room and clinic. 
Simpler methods include steam room or dry sauna sessions, 
hot water whirlpools, poultices of wet compresses or hot 
stones, and chemical potions of salicylic acid, mustard, cap-
saicin, or other pepper or vegetable extracts. More complex 
alternatives include ultrasound and diathermy treatments. 
Helpful though they may be for temporary symptomatic 
relief and vascular dilatation, these options cannot heat struc-
tures deep to the skin sufficiently to reach the necessary ther-
mal thresholds for a wound-healing response without causing 
caustic or thermal burn injury to the dermis.

Radiofrequency (RF) is an electromagnetic energy that has 
been employed in medicine for thermal effect since the nine-
teenth century when it was introduced in neurology [8]. It is the 
most commonly used source of energy to generate therapeutic 
levels of heat. Since its initial applications in neurology, its 
applications in medicine have broadened to the fields of general 
surgery, cardiology, neurosurgery, ortho paedics, and ophthal-
mology [3–6,10, 21, 25, 27, 28, 31]. In orthopaedics the main 
target of supra-physiological temperatures is collagen-based 
connective structures, principally to effectively accomplish 
shrinkage of joint-stabilizing structures employing surgical 
access [7, 11, 14, 24]. RF has also been used in orthopaedics to 
beneficially induce a WHR in tendinopathies and enthesopa-
thies by creating small, controlled wounds with electrothermal 
burns in the tendinous structures [2, 22, 33–36].

Surgical employment of RF for these purposes in ortho-
paedics employed bipolar electrodes in an ablative, tissue-
destroying capacity. Although the desired structural changes 

were accomplished by tissue coagulation, the WHR was the 
result of new thermal wounds, burning or cauterizing tissue 
and rendering it nonviable. Cell populations were killed by 
excessive thermal injury. Recovery necessitated de novo scar 
formation, then unpredictable remodeling.

Newer RF delivery systems employ monopolar electrodes 
with capacitive coupling to reduce concentration of the 
radiofrequency energy and avoid tissue ablation [42]. 
Capacitive coupling utilizes a flexible membrane electrode 
to transmit the RF energy through a volume of tissue at 
6 MHz frequency (Fig. 2). The rapidly alternating polarity of 
tissue molecules results in mechanical molecular friction and 
generates heat within the volume of irradiated tissue.

Incorporating thermistors into the electrode to spray cryo-
gen onto the applied tissue surface cools the tissue immedi-
ately adjacent to the electrode and protects it from heating, a 
phenomenon known as a reverse thermal gradient [45] (Fig. 3). 
It thus becomes possible to transmit the RF energy through 
the skin to target deeper connective tissue structures for heat-
ing to desired thermal thresholds without burning or otherwise 
injuring the intact dermis. Superficial ligaments or tendons 
can be so treated thermally, obviating surgical invasion [41].

Heat dissipates from targeted tissue structures by conduc-
tion and by regional circulation which “cools” the tissues to 
27°C. Achieving the necessary temperature threshold of 
60°C in the target structures requires repeating RF pulses 
sufficiently to accumulate the heat before dissipation while 
still protecting the skin with the reverse thermal gradient.

Clinical Effects of Monopolar Capacitive 
Coupled Radiofrequency (mcRF)

Ligaments

Ligaments supporting stability in any joint are vulnerable to 
sprain or stretch injury in one sport or another. If a ligament is 
completely ruptured or avulsed, surgical repair is necessary for 
reasonable expectation of restored joint stability. Incomplete 
ruptures, acute or even chronic stretch injuries, however, are 
usually amenable to nonsurgical treatment. Resting the injured 
part by immobilization or non-weight bearing, immediate 
short-term cooling, compression, and elevation are always 
advisable. If the ligament has been sufficiently elongated, how-
ever, a spontaneous WHR will not shorten it. Some 40–60% of 
acute ankle sprains heal with some perceptible degree of resid-
ual instability; they either will cause guarded future use or will 
be prone to future reinjury.

Stretched ligaments can be shortened structurally and the 
WHR stimulated with percutaneous mcRF treatment [9, 43, 
44]. Treatment is postponed until excessive edema subsides. 
Anesthesia is unnecessary. Ice should not be used following 
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mcRF treatment because it will reduce the desired inflamma-
tory response. Protection of the injured ligament with splinting 
is recommended for 6 weeks posttreatment but complimentary 
strengthening exercise is permissible. Analgesics are permissi-
ble but NSAIDs and aspirin are strictly avoided. The WHR fol-
lowing mcRF stimulation and enhanced collagen production 

will continue for up to 6 months following treatment. Repeated 
treatment usually is unnecessary, but if restabilization is not evi-
dent by 6 weeks, the treatment can be repeated.

Chronically unstable ligaments or functional instability 
symptoms are also amenable to mcRF treatment.

Tendons

Tendons may be strained, frayed from degeneration, or com-
pletely ruptured. The latter require surgical repair. Strained 
or frayed and partially ruptured tendons are amenable to 
mcRF treatment nonsurgically. Tendinosis is also very 
responsive to mcRF treatment, whether acute or chronic.

The understanding of tendinosis is a failed WHR. In 
1979, Nirschl described the histopathological findings of 88 
elbows treated operatively for lateral epicondylitis (tennis 
elbow), reporting immature fibroblastic and vascular infil-
tration [26]. The essential surgical lesion was a myxoid 
degeneration of immature scar tissue in the extensor carpi 

a

c

bFig. 2 (a) mcRF generator 
(Alpha Orthpaedics, Inc., 
Hayward, CA, USA). 
(b) Handpiece. (c) Disposable  
tip with flexible membrane 
electrode, thermistors located 
at each corner

Fig. 3 Reverse thermal gradient
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radialis brevis (ECRB) tendon. Cellular hallmarks of inflam-
mation were notably absent. In fact, all forms of tendinosis 
(tennis elbow, golfer’s elbow, patellar tendinosis, Achilles 
tendinosis, plantar fasciitis or fasciosis) are currently under-
stood to be noninflammatory conditions. Thus, without 
inflammatory evidence, NSAIDs and corticosteroid injec-
tions are contraindicated. Moreover, their use actually 
impedes the requisite inflammatory pathway of the natural 
WHR. Preclinical and clinical studies have demonstrated 
instead the benefit of inducing the WHR for the treatment of 
tendinosis [2, 22, 33–36].

Treatment of tendinosis with mcRF involves blanketing 
the affected tendon segment and adjacent structures with RF 
thermal stimulation to reactivate or incite the WHR (Fig. 4). 
Three blanket passes are sufficient. Then 10–20 pulses are 
stacked or repeated over the most symptomatic or painful 
locus of the tendon. If a tendon is partially ruptured or frayed, 
as frequently is the case with Achilles tendinosis, stacking 
pulses in the symptomatic tendon segment to ensure collagen 
coagulation is imperative for successful results.

The use of ice posttreatment is contraindicated as it will 
impede the desired inflammatory response. Splinting and 
avoidance of strenuous use of the tendon for 6 weeks post-
treatment protects the tendon during new collagen formation. 
Analgesics are permissible, but NSAIDs and steroids are 
strictly prohibited. If sufficient pain relief is not achieved, 
treatment can be repeated after 6 weeks.

Muscle

Supra-physiological temperature effects on muscle is medi-
ated by the impact on Myogenic Precursor Cells (MPCs) and 

has become the treatment objective for some sports injuries. 
Rapid, precise application of heat at the injured site improves 
and accelerates the healing process by stimulating the produc-
tion of MPCs and protein synthesis, and by increasing the pro-
duction of HSPs [16]. Treating MPCs with supra-physiological 
temperatures induces an overexpression of HSPs [47]. Among 
the family of HSPs, HSP70 is the most abundant protein fol-
lowing supra-physiologic heating and is a principal factor in 
the WHR biological cascade [29]. The cytoprotective function 
of HSP70 is evident in infection and ischemia, as well as 
inflammation [15, 18, 29, 46]. Thus treatment of acute muscle 
strains or even contusions from blunt trauma with mcRF with 
multiple blanket passes will beneficially influence their heal-
ing with increased heat shock proteins and enhanced produc-
tion of MPCs to generate new muscle tissue.

Analgesic Effects of mcRF

Pain is a universal component of sports injuries. Damaged 
tissues, through chemical mediators, swelling, and the result-
ing inflammation, stimulate local and regional nociceptors. 
C-fibers conducting painful stimuli centrally are characteris-
tically small caliber and unmyelinated axons. These axons 
are vulnerable to RF irradiation.

Historically this was discovered by serendipity. Early 
attempts to induce myocardial revascularization by creating 
burn channels in the heart muscle with RF coincidentally pro-
duced a significant, immediate reduction in chest pain [20]. 
In a similar finding, 70% of patients treated with invasive 
bipolar radiofrequency obtained pain relief noted shortly after 
anesthesia recovery [32, 35]. It was theorized that pain symp-
toms associated with tendinosis might be due to biochemical 
agents irritating nociceptors [19]. RF microtenotomy for 
plantar fasciosis correlated with immediate analgesic effects 
[17, 40]. This led to a study of the antinociceptive effects of 
RF, concluding that invasive RF irradiation induced acute 
degeneration and/or ablation of sensory nerve fibers, explain-
ing the early pain relief associate with these treatments [40]. 
The authors’ experience with percutaneous mcRF treatments 
of sprained ankles, sub-acromial bursitis, biceps tendinosis, 
and lumbago have produced similar analgesic observations.

Bipolar radiofrequency is one of several modalities uti-
lized for neurolysis of the medial branches of the posterior 
primary division of the spinal nerves as they innervate the 
facet joints. The RF may be delivered in a continuous (cRF) 
or a pulsed (pRF) mode. The cRF is intended to be neurode-
structive, effectively denervating the joint but with some risk 
of thermal injury to immediately adjacent sensory nerve root 
fibers. In contrast, pRF is administered in short bursts (20 ms) 
of RF energy followed by a momentary recovery phase 
(480 ms) to allow heat dissipation from the tissue.

Fig. 4 Grid marks the treatment region for lateral epicondylitis for 
three blanket passes of overlapping pulses followed by 10–20 stacked 
pulses over most symptomatic focus
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The pRF electric field induces biological effects as dem-
onstrated both in cell culture and in vivo irradiation of the 
dorsal root ganglia. RF irradiation of the neurons results in 
transsynaptic induction of early gene expression in the dorsal 
horn [30]. The effect of pRF is termed neuromodulation as it 
modifies the behavior of nerve tissue. The use of pRF mode 
is a safe and effective alternative to neurodestructive cRF in 
patients with refractory facet arthropathy [1, 37, 38].

When a nerve is constantly subjected to painful stimuli it 
adapts through molecular processes to the stimulus and 
becomes more efficient at transmitting pain signals. Thus a 
patient perceives an increased level of pain. As an electro-
magnetic energy field, pRF is nondestructive and appears to 
restore the nerve to its original state prior to its “learned” 
more efficient transmission of pain signals.

As pRF is less destructive on peripheral nerves than cRF, 
the modality has been applied to treat peripheral nerve medi-
ated pain [39]. It is effective treatment for painful peripheral 
trigger points [30], and can be administered percutaneously 
as mcRF without anesthesia or sedation.

As mcRF is also delivered as a series of pulses, it mimics 
pRF neuromodulation. Clinically the effects are similar to 
invasive neuromodulation of peripheral nerves with invasive 
pRF [9, 41, 44].

The antinociceptive adjunctive effect of blanket field 
treatment with mcRF for sports injuries such as acute sprains, 
partial rupture of certain tendons, and blunt muscle trauma is 
clinically relevant. Traditional injections of lidocaine or 
bupivacaine serve to mask pain symptoms temporarily. 
Alternatively, percutaneous mcRF treatment is noninvasive, 
and serves additionally to enhance the WHR of local soft tis-
sue injuries. In the context of this textbook on Sports 
Injuries—Current Trends and Concepts, the deleterious 
effects of local injections of steroid derivatives should be 
conclusively re emphasized.
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Wireless Arthroscopy: The Wireless 
Arthroendoscopy Device (Dr. Guillen’s  
WAD Invention)

Pedro Guillén García, Antonio López Hidalgo, Marta Guillén Vicente, 
Jesús López Hidalgo, Isabel Guillén Vicente, Miguel López Hidalgo,  
and Tomás Fernandez Jaén 

Introduction

Pedro Guillén’s Wireless Arthroendoscopy Device 
(WAD) – Patent Registration: Europe: P210700166, 
EEUU: 60/911590 – is a technical innovation designed, 
developed, and assembled at Clínica CEMTRO Research 
Department, Madrid, Spain, 2006/07. The WAD is a safe, 
cost-effective, useful, and easy-to-use arthroscopic technique 
that can be easily carried out by the surgeon in places with no 
power supplies such as barns or other environments without 
any electrical sources…

From 2005 to 2007 the WAD or Third-Generation Arthros-
copy is a faster wireless technology that minimizes arthroscopic 
infections in the absence of wires or cables – responsible for 
most arthroscopic infections. In the WAD, the power source 
and cold light cable or wire have been substituted by a 1.57  
power capsule. Also the WAD’s camera is wireless because it 
uses waves to transmit images to different screens like the PC 
screen or the arthroscopic tower screen. Power capsules can be 
recharged and the whole WAD set weighs no more than just 
8.82 lb. So the WAD and the chargers can be easily carried in 
any case.

In 2004, 30% of all surgeries were performed through 
endoscopies and arthroscopies. In 2015, 90% of all surgeries 
will be performed through minimally invasive techniques or 
arthroscopies. New inventions in this field of medicine will 
all be truly welcomed because over 60 million arthroscopies 
are performed every year.

This invention has to do with traumatology – the branch 
of surgery that deals with diagnosis and treatment of trauma 
injuries affecting directly the locomotor apparatus. Our 
invention specifically describes a wireless surgical device or 
system for arthroendoscopic performance and minimally 
invasive surgery for arthroendoscopic surgical processes and 
observations.
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History of the Arthroscopy

Arthroscopy was first invented by a Japanese Professor K. 
Takayi, M.D., of Tokyo University in 1918 through a cyto-
scope he used to examine the inside of the knee [13]. In 
Japan, the very first arthroendoscopic exploration was per-
formed on a cadaver knee in 1938. Professor M. Watanabe, 
M.D., followed Professor K. Takayi’s arthroscopic tech-
niques and together with Dr. S. Takeda he introduced the 
No.21 arthroscopy, [14] in 1960, designed to perform knee 
joint arthroscopy. In 1962, Dr. Watanabe was the first sur-
geon to perform an arthroscopic meniscectomy of the poste-
rior horn of the internal meniscus.

Dr. R. W. Jackson removed from the knee two loose bodies 
back in 1966 and one bucket-handle meniscal tear in 1970 using 
the arthroscopic technique [9]. Dr. R. W. Jackson traveled to 
Japan and was captivated by Watanabe’s vision of knee joint.

Back in Toronto, he developed the arthroscopy and pio-
neered the implementation of this emerging technique in the 
whole Western world. Dr. R. W. Jackson pioneered this tech-
nique and many other scholars followed his footsteps to fos-
ter arthroscopy in the 1970s – Dandy in 1978 [2], Carson in 
1979, Eikelara in 1975 [3], Ikeuchi in 1979 [8], O’Connor 
and Guillén in 1979 [6].

In the 1970s, First-generation Arthroscopies (Fig. 1a) 
made direct observation of the inside of a joint possible 
through a lens powered by an electric supply and a cold light 
wire [1]. There was some sort of enthusiasm for teaching, so 
assistants usually took pictures and monitored all the maneu-
vers of the surgeons.

In the 1980s, Second-generation Arthroscopies (Fig. 1b) 
developed through arthroscopic cameras that were attached 
to the lens to take images on screen from the very inside of 
a joint. These Second-generation arthroscopies require 
two wires across the operation room that need to be disin-
fected because they are sources of contamination and 
infections. They are connected wirelessly to the light 
source depending on the type of joint tissue to be focused 
and a glass fiber wire connected to the arthroscope [10]. 
This 6 5 ft wire moves across the operation room and is a 
source of infections like post-arthroscopic septic arthritis. 
That is the main reason for disinfection and sterilization of 
wires before surgery. Also the glass fiber decay under-
mines the aseptic conditions which must be preserved at 
the operation room.

The serum-filled joint is visually examined through the 
lightning lens. Once the joint is visually examined, a photo 
camera is attached to an articulated lens. This is called diag-
nostic arthroscopy. This camera lens connected to a 6 5–9 8 
sterilely wrapped wire was a landmark in second-generation 
arthroendoscopies because surgeries could be filmed or pho-
tographed for the advance of knowledge and the teaching of 
the ultimate surgical procedures [11].

a

b

c

Fig. 1 (a) First-generation arthroscopy or direct vision over the lenses. 
(b) Second-generation arthroscopy or vision over a monitor. (c) Third-
generation arthroscopy or wireless arthroscopy, 2008
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Yet today’s second-generation arthroendoscopic tech-
niques cannot escape certain limitations highly responsible 
for most joint infections in patients undergoing surgery. To 
introduce our invention, a research on medical records from 
1978 to 2005 was carried out. Our study shows different infec-
tion percentages in arthroscopic surgery ranging from 0.4% 
to 2.0% being shoulder infections higher than knee infections 
[12]. Our invention device reduces this infection rate.

Our invention – the WAD – is a wireless device (Fig. 1c) 
that performs better arthroscopies inside a patient’s joint and 
give patients the possibility to undergo noninfective surgery. 
It is a surgical device to realize wireless and free of the oper-
ative room (Arthroscopic office).

Our wireless invention device is a simplification of today’s 
technique and can be used at the doctor’s office because it 
needs no special controls or aseptic conditions as today’s 
arthroendoscopic systems. The possibility of using our inven-
tion device out of advanced facilities reduces costs signifi-
cantly. We also wish to highlight the portability of our 
invention device which makes diagnosis and ambulatory sur-
gery possible in places far away from hospitals.

Description of the Invention

Brief Descriptions of the Invention

This invention device or system for arthroendoscopic surgery 
has no wires or cables connected to the arthroendoscopic 
tower set, reduces the risk of joint infections in patients, is 

easier to use than today’s wired devices for arthroendoscopic 
surgeries, and reduces the complexity and costs associated 
with those facilities needed to house this device.

The above mentioned arthroendoscopy tower is a roller-
wheel set of various shelves to store the TV screen, the video 
set, the cold light source, the power supply, and related 
devices.

Other than reducing joint infections in surgical patients 
for its absence of wires and cabled light source, the invention 
device is easier to use and more effective than today’s sys-
tems for arthroendoscopic surgeries because it does not need 
any arthroendoscopy tower sets or wire-connected video 
cameras and has fewer restrictions and limitations because it 
needs no wires or cables and there is no need to use disinfec-
tion buckets for cold light wires and it is a cheaper than for-
mer systems and devices.

Our arthroendoscopic system consists of (Fig. 2a)

1. One conventional LENS attached to a small device or cap-
sule carrying a 0.78 –2.36 disposable or rechargeable 
battery (battery life: 2–4–6 h).

2. One POWER-CAPSULE (Fig. 3a, b) standing as a light 
source of variable intensity light also used to rotate the 
lens. The power capsule can be easily attached to all kinds 
of light sources – photophores used in neurosurgery, otor-
rhinolaryngology, urology,…

3. One MINIATURE VIDEOCAMERA (Fig. 2b) very easy to 
use by the surgeon’s own hand because it is handy and 
lightweight. It has one antenna and remote control to turn 
on the screen at the arthroscopic tower or PC to see 
images, take pictures, or make recordings.

Advantages over former arthroendoscopic techniques:

b

All you need =

+ Your personal computer

a LENS

WIRELESS
CAMERA

POWER
CAPSULE

+ or

+

Fig. 2 (a, b) The size of the camera is appropriate to be able to handle right with one hand. The camera has a keyboard for the pictures, videos, 
and color control. It is also provided with a battery charge and an antenna to transfer the images to a computer or a monitor
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We do not need a wired light source.
We do not need cold light wires.
We do not need the arthroscopy tower set.
We do not need the camera wire to connect the camera to 
the arthroscopy tower set.
Fewer wires, cables, or connections.

We will not need disinfection buckets for cold light 
wires.
Dramatic decrease of infections through the elimination 
of wires at the operating room.
The WAD and all of its components are lightweight (8–11 
lbs.) and quite easy to carry.
Very little waiting time between operations.
Fewer costs.

Material and Method

Researchers at Clínica CEMTRO and at the Spanish manu-
facturer of medical equipment, Optomic, developed different 
prototypes for over 3 years until they produced the WAD – a 
rechargeable battery lightweight ergonomic easy-to-use 
device that does not overheat and provides surgeons with 
excellent images, photos, and recordings they can get through 
the arthroscopic screen or the PC screen.

We have done several tests on joints from plastic models, 
corpses (Fig. 4), and humans for the last 2 years performing 
over 60 arthroendoscopies with excellent results in knees, 
shoulders, ankles, wrists, hysteroscopies, laparoscopies…

This innovation called WIRELESS ARTHROSCOPIC 
DEVICE – WAD has been designed by Professor Guillén, and 
his team of surgeons and engineers. This invention is protected 
by Spanish and international patents and has been brought to 
the medical community at several meetings held in Spain 
(Fig. 5a) – Madrid, Murcia, Cáceres, Barcelona, Sevilla, 
Valencia, Oviedo… and in the 26th Meeting of the Arthroscopy 
Association of North America – (Fig. 5b, c) AANA held in 
San Francisco, April 2007. The WAD has been warmly 
welcomed by EFOST [7] and approved in Japan [5] y [6], 
Indonesia [4], Mexico, and Turkey as an invention of great 
medical and social importance.

The WAD is an affordable technique allowing minimally 
invasive surgeries in all countries and social environments 

a

b

Fig. 3 (a) Trying out the intensity of light of the energy capsule. (b) 
The capsule applied to the lenses with the camera (WAD)
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of the world even in the absence of electricity. This is pos-
sible thanks to a thumb-size-easily-recharged-as-a-cell-
phone power capsule with a variable intensity light source 
regulated by a remote control, and a wireless miniature 
camera carrying a tiny rechargeable battery too. The whole 
system can be connected to a laptop just by clicking one but-
ton so that photographs and images can be seen and recorded 
at will – weight under 150 g. (Fig. 6a, b) shows neat, excel-
lent images of the knee and the shoulder.

All components of the WAD – camera, power capsule, 
and chargers can be easily carried together with the laptop 
inside the very laptop case so the whole system can be 
recharged anytime anywhere.

Conclusion

This invention or innovation is a new wireless system to per-
form conventional and surgical arthoendoscopies in humans 
and animals. This innovation has been especially designed to 
be used in diagnostic and interventional arthroendoscopies. 
Because it is a wireless device, it eliminates the risk of infec-
tions and contaminations associated with wires at the operat-
ing room, as it happens with conventional arthroendoscopies, 
and helps the surgeon to better manipulate and use this device 
in the absence of wires or cables.

Fig. 4 Prototype WAD in model knees and cadaver knees

a

b

c

Fig. 5 In the presentation of the wireless arthroscopy, WAD – Dr. 
Guillen in different congresses and countries such as Spain, the USA, 
Japan, Mexico, Indonesia
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Fig. 6 Excellent images obtained in the medical practice, knee and shoulder

a
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b

Anchors

 2 mm face anterior and one in slaps type II

Fig. 6 (continued)
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Orthopaedic Research in the Year 2020

Savio L.-Y. Woo and Kwang E. Kim 

Introduction

In this exciting period of technological innovation, we can 
anticipate that the practice of medicine will be greatly 
improved. For example, telemedicine could transform medi-
cine when it becomes widely available in the near future. 
Even though its early form could be traced back to the use of 
interactive television for psychiatric diagnosis as early as the 
1950s [37], a more sophisticated form of telemedicine is 
being employed in the European Union to remotely adminis-
ter health care for elderly patients through body sensor net-
works (BSN) [25]. Further, implantable sensors have been 
used for a wide variety of applications, such as hemodynamic 
and glucose monitoring [21, 33]. It is anticipated that more 
sophisticated implantable biosensors will allow for more 
real-time measurements of physical and biochemical param-
eters, making telemedicine a revolutionary tool. The patient’s 
data could be transmitted instantly to a local wireless hub 
and then to central health care facilities for instant treatment 
administration.

Medical imaging is another area of technological innova-
tion which has increased the number of diseases that can be 
diagnosed. Faster and more powerful computers will advance 
the speed and resolution of imaging such that the entire 
human body can be visualized. In the future, these topo-
graphical whole body imaging modalities can be integrated 
with other molecular imaging techniques to diagnose and 
help to detect diseases earlier and more accurately at the 
organism level. Further, together with 3-dimensional holo-
graphic technology, physicians can better visualize the dis-
ease and can use it to discuss treatment options with the 
patients [9]. As such, the quality of health care should be 
improved as the number of misdiagnoses would be reduced. 
Further, early diagnosis could allow for earlier development 
of preventative interventions. Advancements in biomedical 
technology have also enabled robot-assisted telesurgery. 
In 2001, the first case of laparoscopic cholecystectomy was 
performed remotely from a transatlantic location using 
robotically controlled laparoscopes [24]. Further develop-
ments in surgical robotics that include tactile sensing and so 
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on would open up new possibilities for remote surgical inter-
vention by experts for a wide variety of ailments including 
orthopaedic sports medicine procedures.

New technologies will dramatically increase the diagnos-
tic capabilities. Still, the effective treatment of diseases will 
greatly lag behind as it is much slower and more challenging 
to develop. Thus, an increasing gap between diagnoses and 
treatments will occur. Therefore, this presents us with a huge 
opportunity for scientific and clinical investigators to find 
ways to reduce this gap. In this chapter, we will present our 
ideas on how treatment strategies may be obtained based on 
sound scientific research as well as truly objective assess-
ments of clinical outcome. As per Sir Isaac Newton’s humble 
tribute, “If I have seen further it is only by standing on the 
shoulders of Giants,” significant advancements are only pos-
sible because of the collective contributions of the ones 
before us. To do this, we will need to learn from history on 
how research had helped surgeons in their practice of ortho-
paedic surgery and present the current advance and then will 
move on to the prediction of what the future research labora-
tories may look like and how research will be conducted.

History of Orthopaedic Research  
and Related Fields

One of the earliest contributions to orthopaedics is credited 
to Leonardo da Vinci (1452–1519). In the Renaissance 
period, Da Vinci, a genius in both art and engineering, stud-
ied the anatomy of the human body and presented us with a 
large collection of sketches that he learned from dissection. 
His accurate descriptions of human body refuted the contem-
porary misconceptions about the human anatomy that were 
pervasive among physicians of his time. He was followed by 
Galileo Galilei (1564–1642), who studied mechanics of 
materials. His revolutionary thinking led to the discovery of 
important laws governing motion of objects. His ideas, espe-
cially the development of the classical mechanics, challenged 
the existing school of thought and eventually prevailed in the 
scientific community. Then came Sir Isaac Newton, born in 
the same year of Galilei’s death. Sir Newton made corner-
stone contributions in science including theories of calculus 
and laws of motion, which serve as the very basis of many 
areas of modern science, including physics and mechanics.

In orthopaedics, Carl Hirsch (1913–1973) should be given 
the credit as the pioneer to introduce biomechanics to this 
field [27]. As an orthopaedic professor, he relentlessly advo-
cated and taught the importance and relevance of using bio-
mechanics to gain understanding of musculoskeletal function. 
As a result, orthopaedic biomechanics has blossomed since 
the 1970s. Concomitantly, we have followed the writing of 
Professor Y.C. Fung on tissue biomechanics to start and 

develop the biomechanics of ligaments and tendons, bone, 
cartilage, joint mechanics (both upper and lower extremi-
ties), spine, and so on. Much important work has been done, 
and characterization of these tissues has led to more direct 
applications in functional assessment, mathematical model-
ing and computation, and implant design. All have made sig-
nificant impact on orthopaedic surgery.

In the following decade, revolutions in biology contrib-
uted significantly to orthopaedic research. A catalytic dis-
covery was made in 1982 as retroviral vectors could transfect 
mammalian cells with specific genes [14]. This eventually 
led to first human trials of gene therapy in the 1990s [26]. 
Gene therapies have been explored as a treatment option for 
congenital diseases, such as osteogenesis imperfecta, and 
chronic diseases, such as arthritis [10]. The first small-scale 
clinical study of gene therapy for arthritis was reported in the 
mid 1990s [11], and the study utilized retroviruses to trans-
fect isolated autologous synoviocytes ex vivo and reinject. 
The results showed that the procedure was tolerated by the 
patients and the target gene expression was detected within 
the diseased joint. However, there was no subsequent clinical 
trial to follow up the initial study. Recently, a clinical trial 
was conducted utilizing adeno-associated viruses (AAV) to 
locally transfer cDNA for etanercept, which is a protein that 
binds and clears type II tumor necrosis factor, to treat arthri-
tis [18]. Although the clinical trial showed positive results, 
death of a patient after the second injection of the AAV com-
plex introduced significant concerns in the scientific com-
munity and left many wary on the prospect of the gene 
therapy [18].

Other biological developments include tissue engineering 
and stem cell biology. In orthopaedics, cell-based therapies 
based on mesenchymal stem cells (MSCs) have received 
much attention since the 1990s [3]. A series of pioneering 
work by Caplan et al. showed that chick limb bud MSCs 
have the potential to differentiate into bone, cartilage, mus-
cle, and other mesenchymal tissues [6]. Later, it was shown 
that the human bone marrow contains MSCs with osteogenic 
and adipogenic potential [34]. In the 1990s, procedures were 
developed to isolate human MSCs from the fresh bone mar-
row and expand in vitro [5] in order to harness the regenera-
tive capacity of MSCs for orthopaedic applications ranging 
from enhancing healing of musculoskeletal injuries to treat-
ing genetic diseases, such as muscular dystrophy and osteo-
genesis imperfecta [3].

In the midst of these discoveries and developments in bio-
mechanics and biology, orthopaedic sports medicine has 
been growing rapidly and has become a maturing discipline. 
The results are reflected in the growing number of interna-
tional societies around the world, including EFOST 
(European Federation of National Associations of 
Orthopaedic Sports Traumatology), APOSSM (Asia-Pacific 
Orthopaedic Society for Sports Medicine), SLARD (Latin 
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American Society of Knee Arthroscopy and Sports Medicine), 
ISAKOS (International Society of Arthroscopy, Knee 
Surgery and Orthopaedic Sports Medicine), ESSKA 
(European Society of Sports Traumatology Knee Surgery 
and Arthroscopy), AOSSM (The American Orthopaedic 
Society for Sports Medicine), and so on.

The Present

Following the biomechanics and biology revolutions, larger 
research centers and institutes have been developed during 
the last 20 years to take on the great challenge that lies ahead 
of us, that is, how a large multidisciplinary research center 
could integrate and translate the new scientific discoveries 
and the technological advancements to solve orthopaedic 
sports medicine problems for better patient outcome. One 
such example is the establishment of the Musculoskeletal 
Research Center (MSRC) at the University of Pittsburgh in 
1990 by the senior author. At the MSRC, biologists, bioengi-
neers, and clinicians are working together in a seamless man-
ner to conduct multidisciplinary research that is clinically 
relevant and scientifically sound.

For almost two decades since the establishment, more 
than 250 students, undergraduate and graduate combined, 
50 residents, and more than 100 visiting orthopaedic and 
bioengineering fellows from around the world have been 
trained. We have hosted more than 2,500 visitors, ranging 
from interested high school students to highly renowned 
researchers from around the world, to see how our research 
is done. To train students, residents, and fellows of diverse 
backgrounds, we focused on education through research, 
where they participate in team research through which 
they learn fundamental basics of research and science. 
Our laboratories are designed to educate these young 
investigators to perform analyses at the molecular and bio-
chemical level, tissue level, and joint level and to integrate 
all the findings. As experts from different areas work 
together and actively engage in translational research, the 
outcomes become relevant and applicable to the clinical 
practice. We would like to present our readers with one 
example of many of our projects, that is, functional tissue 
engineering to enhance the healing of ligaments and ten-
dons, to show how multidisciplinary research is done to 
solve complex problems.

At the MSRC, we have been focusing on the use of extra-
cellular matrix (ECM) bioscaffolds to enhance the tissue 
healing. One of the most attractive ECM bioscaffolds is the 
porcine small intestine submucosa (SIS) because of their 
ability to accelerate the healing process as the SIS can 
enhance cell migration, promote growth of vasculature, and 
accelerate matrix formation due to biological molecules, 

such as fibronectin (a cell attachment molecule) [17] and 
growth factors, such as TGF-  and VEGF [16, 42]. These 
bioscaffolds are FDA approved and commercially available 
for orthopaedic applications, and have already been implanted 
in over a million patients [13, 20, 32, 38].

We first used SIS to heal a 6 mm defect in the rabbit 
medial collateral ligament (MCL) [22, 23, 31]. SIS bioscaf-
fold helped to limit the hypertrophy of the healing tissue as 
the cross-sectional area in the ECM treated group decreased 
by 28% compared to nontreatment and was closer to sham 
control. Further, the modulus and tensile strength of the liga-
ment substance were increased by 33–50% over the non 
treatment group at 12 and 26 weeks. The improved mechani-
cal properties of the neoligament were found to be a result of 
decreased expression and synthesis of collagen type V and 
various small leucine-rich proteoglycans, leading to an 
increase in the formation of larger collagen fibrils [2, 23]. 
Overall, SIS bioscaffold enhanced the quality of the healing 
MCL tissue, at the same time reducing the tissue 
hypertrophy.

We have also used SIS bioscaffolds to enhance the heal-
ing of the 3 mm wide defect in the rabbit patellar tendon 
[19]. A 3 mm wide defect was created and one strip of SIS 
bioscaffold was sutured anteriorly and one posteriorly to the 
PT defect. Gross examination revealed that abundant neo-PT 
tissue formed in and around the defect area in the SIS-treated 
group at both 3 and 12 weeks. Under microscope, the SIS-
treated neo-PT tissue had high cellularity. Conversely, the 
healing tissue of the non-treated group had concavities and 
lower cellularity. We also observed reduced adhesion to the 
infrapatellar fat pad in the SIS-treated group compared to 
the non-treated control. Further, the structural properties of 
the neo-PT tissue from the SIS-treated group had a 98% 
higher stiffness and a 113% higher ultimate load than those 
from the non-treated group when normalized to sham-
operated controls. In the case of PT defect healing, the use of 
SIS bioscaffold accelerated the healing process and resulted 
in increasing the overall amount of neo-PT tissue, which 
contributed to the increased biomechanical properties.

Armed with the successful results on the MCL and PT, we 
embarked on a new project to heal the anterior cruciate liga-
ment (ACL) by means of biological augmentation. As a torn 
ACL normally does not heal spontaneously, surgical recon-
struction using a graft tissue has been routinely performed. 
Unfortunately, the complex anatomy and composition of 
ACL are not reproduced by the current reconstruction proce-
dures, and as a result, a significant percentage of patients 
progress to premature osteoarthritis [7, 8, 12, 39]. Meanwhile, 
there is some evidence that positive results could be obtained 
when biological augmentation is used to heal an injured 
ACL. Clinically, some surgeons and researchers tried intro-
ducing blood and bone marrow through novel microfracture 
techniques to induce spontaneous healing [41]. In the 
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laboratory, a collagen scaffold with the platelet rich plasma 
(C-PRP) has been used to aid in the healing of a fully 
transected and surgically repaired ACL [28–30]. The healed 
ACL had an increased tensile stiffness and ultimate load 
[28–30]. These positive results support our hypothesis that 
the ACL can be healed, and the healing process can be 
enhanced by means of biological augmentation.

First, we demonstrated the potential of the SIS treatment 
to heal the fully transected ACL by an in vitro study. We 
confirmed the presence of TGF- 1, FGF-1 and fibronectin in 
the SIS bioscaffolds and the SIS hydrogel through Western 
blotting and immunohistochemical staining. Further, it was 
shown that the SIS hydrogel enhanced proliferation of murine 
fibroblasts compared to a pure collagen gel after 3 and 7 days 
of culture. Then, we explored the combination of SIS scaf-
folds with SIS hydrogel to promote the healing of the ACL 
in vivo in a goat model. Our hypotheses were that the SIS 
bioscaffold could encourage healing to take place, limit 
excessive tissue hypertrophy, and serve as a replacement for 
synovium to protect the neo-ACL tissue from the harsh syn-
ovial fluid. Meanwhile, the SIS hydrogel, injected into the 
healing site, would further accelerate the healing by rapid 
release of growth factors. To do this, we wrapped the SIS 
bioscaffold around the ACL injury site and then injected the 
SIS hydrogel into the injury site following primary repair of 
a transected goat ACL (Fig. 1). To test our hypotheses, we 
took a multidisciplinary experimental approach, where the 
effects of the SIS treatment on the ACL healing are analyzed 
at microscopic, tissue, and whole joint levels.

First, we characterized their physical appearance and 
cross-sectional area. At 12 weeks, the SIS treated ACLs were 
continuous and the neo-tissue had no noticeable concavities. 

Importantly, the healed ACL following SIS treatment had 
little or no hypertrophy at 12 weeks as its size was similar to 
the sham-operated ACLs. Then, we examined the healing 
tissue microscopically through histomorphological examina-
tion. At 12 weeks, the fibers in the SIS-treated healing tissue 
were aligned with a large number of fibroblasts, indicating 
that the tissue is undergoing an active reparative process. 
At 26 weeks, the healing tissue appeared significantly denser 
with reduced cellularity compared to 12 weeks. These histo-
logical observations indicated that the healing tissue quickly 
transitioned from reparation to maturation.

To correlate the positive observations from gross and his-
tological examinations with the joint function, we character-
ized the biomechanical properties of the healing tissue by 
testing on the healing femur-ACL-tibia complex (FATC). 
Stiffness values of the FATC reached 40% and 68% of those 
of the sham-operated controls at 12 and 26 weeks, respec-
tively, which are comparable to autografts used in recon-
struction. We then examined the contribution of the improved 
tissue quality on the knee stability using a novel robotic/uni-
versal force-moment sensor (UFS) testing system (developed 
at our research center) (Fig. 2) [1, 15, 35]. At 12 weeks, we 
observed about 50% reduction in anterior-posterior (A-P) 
translation compared to the ACL deficient knee. Further, the 
in situ force in the healing ACL for the SIS treated group 
reached 98% and 93% of those for the sham-operated ACLs 
at 30° and 60° of flexion, respectively. At 26 weeks, more 
recovery of knee stability and the in situ force in the healing 
ACL were found. By showing the improved tissue quality 
and their contribution to the knee joint stability, we were able 
to correlate the positive effects of the SIS treatment with the 
improved joint function.

SIS Bioscaffold Gelfoam Sponge

C. Injection of SIS hydrogelB. Wrapping of SIS sheetA. Primary Repair

Fig. 1 Details on surgical repair, application of SIS bioscaffold, and injection of SIS hydrogel
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Based on the results obtained, our most current project is 
to integrate these findings to devise a mathematical model to 
establish a relationship between the tissue regeneration and 
the restoration of joint stability. Such a model will be a use-
ful tool to evaluate tissue engineering approaches for regen-
erative medicine. With the complete set of tools to evaluate 
the healing process of ACL, we have shown the potential of 
tissue engineering to regenerate musculoskeletal tissues. 
Because we were able to correlate the findings in the molec-
ular and microscopic levels with the findings of the tissue 
mechanics and the joint kinematics, the results are clinically 
relevant and can be translated more readily. We believe 
regeneration of musculoskeletal tissues using biomaterials 
and tissue engineering techniques will offer a variety of novel 
treatment options that may enhance or even replace the con-
ventional surgical procedures currently performed in clinics. 
As such, multidisciplinary research similar to our example 
will become more necessary.

The Future

Building on the promising results obtained from the ACL 
healing model with SIS, we plan to further enhance the heal-
ing outcome by incorporating tissue engineering techniques, 
such as cell seeding and stretching that would produce a bet-
ter aligned matrix scaffold. In addition, new ways to design a 
system to release and sustain relevant growth factors for an 
extended time period in order to prolong their enhancement 

of the healing of the ACL will also be needed. Control release 
systems, such as poly lactic-co-glycolide acid (PLGA) 
microspheres, will be attractive candidates as they are capa-
ble of releasing growth factors or other bioactive molecules 
consistently over a prolonged period. This approach may 
help the healing tissue to remodel and restore the neo-tissue 
closer to the normal ACL.

As our example with the ACL healing with SIS illustrates, 
the exciting topics for research in the coming decades will 
involve the field of regenerative medicine, that is, regenerat-
ing ligaments and tendons may become the mainstream. 
However, to really understand the process of tissue/organ 
regeneration, we need to start including studies at the lowest 
level by learning more about how a single molecule interacts 
to transmit mechanical and chemical signals, how these sig-
nals are used to regulate the cellular activities, and how these 
cellular activities exert their effects on the tissue healing and 
remodeling. Molecular and cellular biomechanics are keys to 
understand mechanotransduction and can be correlated with 
the changes in the biomechanical properties of tissues. To do 
this, innovative and correctly designed experimental meth-
ods will be needed.

Other scientific developments will also change our view 
of health and our body dramatically. For example, novel and 
efficient technologies are available now such that the cost of 
DNA sequencing is relatively inexpensive compared to a 
decade ago. This progression toward more affordable DNA 
sequencing will continue with the possibility of developing 
personalized medicine, where targeted therapy will be pos-
sible. As the Human Genome Project will soon identify all 
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human genes, specific mutations associated with musculosk-
eletal dysfunctions will be discovered. This will allow a 
treatment regimen specifically tailored based on the patient’s 
sequencing results, if there exists clear evidence of a dys-
functional mutation. The DNA sequencing can also be used 
to assess the patient’s risk of certain musculoskeletal dis-
eases or injuries. In fact, there is an increasing body of evi-
dence that genetics has a role in ligament and tendon injury 
and healing [36, 40].

Developments in stem cell biology will also open doors to 
novel treatment options for sports injuries. The regenerative 
and immunomodulatory potentials of stem cells can be uti-
lized to treat and manage sports injuries more effectively. 
Particularly, the immunomodulatory nature of stem cells [4] 
may help solve the problem of shortage of donor tissue for 
reconstruction or regeneration procedures. Meanwhile, the 
current technologies allow ex vivo expansion of the autolo-
gous stem cells and reinjection of the expanded cell culture 
in the diseased tissue or injury site with or without biomate-
rials. Such applications have been shown to be effective for a 
few musculoskeletal tissues [3]. The future focus, however, 
will shift to biological cues to modulate the behavior of the 
stem cells and in vivo recruitment of the autologous stem 
cells to regenerate the injured tissues without complex and 
time-consuming process of isolation and expansion. To 
achieve this, a new generation of pharmaceutical and bioma-
terials need to be engineered such that these biologic agents 
can modulate cell behavior in vivo as well as providing struc-
tural support [3]. As these new and exciting developments 
unfold, orthopaedic sports medicine will also have to trans-
form accordingly. To do this, future research in orthopedic 
sports medicine should actively adopt these new concepts 
and technologies.

Unfortunately, amid these exciting and promising pros-
pects is the reduction in research funding, making sustaining 
a large research center very difficult, if not impossible. We 
believe that in response, laboratories in the future will prob-
ably be smaller and more focused on specific areas. As more 
individualized laboratories will have more limited research 
expertise while the problems we are trying to solve are grow-
ingly more complex, one potential solution would be to 
emphasize the concept of team research, where scientists, 
engineers, and clinicians collaborate together on solving 
clinical problems. One example is the National Science 
Foundation sponsored Engineering Research Centers (ERC). 
Our research center has been participating as a constituent of 
one of the ERCs. We are collaborating with about 40 differ-
ent faculties in three academic institutions in the USA, as 
well as a medical center in Germany and nine industrial part-
ners. The goal of the collaboration is to develop biodegrad-
able metals, surface modification technologies, and 
biosensors for craniofacial, orthopaedic, and cardiovascular 
applications. To achieve this ambitious goal, top experts in a 
variety of disciplines have come together to collaborate and 

exchange expertise. Thanks to advancements in electronic 
communication, we believe such distant collaboration is pos-
sible and may be the wave of the future. Through the new 
generation of collaborative research efforts, it will be possi-
ble to overcome the problems of reduced funding and limited 
research expertise while incorporating scientific and techno-
logical advancements from many disciplines. We hope this 
will also shed a guiding light to the researchers in orthopae-
dic sports medicine.
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Scintigraphic Applications in Sports 
Traumatology

Meltem Ça lar 

Over the last decades, imaging techniques have become 
increasingly important diagnostic tools for sports injuries. 
Although the current indications for the use of radionuclide 
imaging in sports medicine has diminished with higher reso-
lution magnetic resonance imaging (MRI), and computed 
tomography (CT), radionuclide bone scan (with which the 
whole skeleton can be evaluated at once) plays an important 
role in stress related injuries such as stress fractures, avulsion 
lesions and enthesopathies [32]. The tracer technetium 
labeled with methylene diphosphonate (Tc-99 m MDP) is 
the most widely used bone agent, providing excellent con-
trast between normal and diseased bone. In general, uptake 
of the tracer depends on local blood flow, osteoblastic activ-
ity and extraction efficiency [23, 40, 52]. This radiopharma-
ceutical is selectively taken up by hydroxyapatite crystals in 
metabolically active bone and reflects the presence of osteo-
blastic activity. The uptake characteristics of the bone- 
seeking radiopharmaceuticals are highly sensitive for the 
localization of trauma to bone or its attached soft-tissue 
structures. To obtain images of the questioned area, the cam-
era must be centered and images are recorded in three phases; 
blood flow phase is the dynamic sequence planar images 
obtained immediately after administration of the radiophar-
maceutical. Blood pool phase are planar images obtained 
immediately after the dynamic sequence. The first two phases 
provide an assessment of soft tissue perfusion. Delayed 
images are typically acquired 2–4 h after injection.

Bone scintigraphy has an inherently high contrast- 
resolution, which enables the detection of altered metabolism 
associated with sports injuries. Such changes precede struc-
tural abnormalities, and therefore can be detected earlier than 
conventional radiology and with a similar temporal course to 
MRI. This is most pertinent for high-level athletes, for whom 
early diagnosis can prevent more serious injuries. Although 
bone scintigraphy is highly sensitive, its specificity remains 
suboptimal. Previously, 99mTc-MDP bone scans were acquired 
as multiple spot views of the skeleton but modern multiheaded 
gamma cameras allow high-resolution, whole-body images of 
the entire skeleton to be obtained in a short acquisition time. 
They also have additional features, such as single-photon 
emission computed tomography (SPECT,) allowing increased 
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sensitivity for lesion detection and 3-dimensional localization 
of abnormalities, which aids specificity [14, 15, 23, 52]. 
SPECT provides cross sectional images, improving resolution 
and contrast. SPECT is particularly useful to improve lesion 
localization, but the lack of anatomical markers on radionu-
clide imaging makes this challenging. Recently, hybrid scan-
ners with the ability of acquiring SPECT with multislice CT 
data simultaneously has allowed the co registration of bone 
scintigraphy with structural information provided by CT, per-
mitting a new imaging paradigm of immense potential. The 
integration of SPECT and CT provides precise anatomical 
localization aiding the clinician in the efficient management of 
complex problems. Preliminary assessment of the hybrid 
modality has shown an average of 40% improvement in diag-
nostic accuracy over scintigraphy alone [58].

In this chapter, the current techniques available for imaging 
sports injuries and its current applications will be des cribed. 
These include stress fractures, shin splints, enthe sopathies and 
occult fractures and chondromalacia patella [54]. Scintigraphy 
is also an ideal method for detecting complications, such  
as the chronic regional pain syndrome (Reflex sympathetic 
dystrophy).

Stress Fractures and Shin Splints

Stress fractures in athletes are mostly fatigue fractures 
associated with cyclic loading of normal bone and account 
for up to 10% of sports-related injuries [44]. Repetitive 

sub-maximal stress creates a region of accelerated bone 
remodeling, which may progress to a stress fracture if the 
stress continues [42, 47, 51, 73].

The delayed appearance and often absence of lesions on 
radiography is commonly observed in stress fractures. X-ray 
findings can be normal over 2–3 weeks after pain starts. Unlike 
conventional radiological techniques, bone scan becomes 
abnormal within 6–72 h after injury since it detects the early 
pathological bone response taking place in the periosteal- 
cortical region. The tibia and metatarsal bones are very com-
mon sites for stress fractures. The scintigraphic appearance 
and radiographic findings may vary depending on the time of 
imaging. Early or resolving stress fractures are expected to 
have normal flow and blood pool activity and mildly increased 
focal radiotracer uptake on delayed images. As time passes, 
hyperemia will be visible on blood pool images as well. The 
increased perfusion and increased relative vascularity proba-
bly reflect acute inflammation and new blood vessel growth 
secondary to the trauma and healing (Fig. 1). Delayed bone 
phase will reveal markedly increased focal uptake as well. 
Evaluation of stress fractures requires grading of the lesions 
using scintigraphic patterns described by Matin [47] and 
Zwass [73] and is applicable in long bones. Stage 1 refers to 
the periosteal reaction which is seen as minimal focal 
increased uptake on delayed bone scan. This pattern usually 
does not involve more than 20% of the cortex width. Stage 2 
is called when bone insult is still at the level of periosteal reac-
tion which is seen as moderate focal uptake involving 21–40% 
of the cortex. Stage 3 implies early stress fractures with the 
involvement of 40–60% of the cortex. If bone insult 

a b

Fig. 1 Hyperemia on the blood pool (a) and focal increased uptake on the delayed bone scan (b) involving the posterior aspect of the tibia is 
compatible with acute stress fracture
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continues, the focal uptake will grow involving 60–80% of the 
cortex (Stage 4). When the uptake occupies the full transcorti-
cal length of the bone, it is called stage 5 or full thickness 
stress fracture. Although this classification elegantly defines 
various stages, routine practical applications may be cumber-
some due to the limited resolution of the gamma camera com-
bined with the limitation of the human eye which will hinder 
fine discrimination of the percentage of the bone cortex 
involved.

As healing process stars, first the radionuclide angiogram 
and then the blood-pool images will no longer reveal abnormal-
ities. Intensity of uptake decreases over 3–6 months, but the 
delayed images can still show minimal uptake for many months 
[49]. The uptake configuration of the stress fracture lesion also 
changes from fusiform to a narrower, less defined focus. There 
have been claims that skeletal scintigraphy is 100% sensitive for 
detection of stress fracture [53]. More recently, in a head-to-
head study of scintigraphy versus multidetector CT, scintigra-
phy appeared to have a higher diagnostic accuracy [25]. 
Although bone scanning is good for detection of stress fractures, 
it is not useful for follow-up of healing, because the intensity of 
activity decreases over 3–18 months as the bone remodels and 
often lagging behind clinical resolution of symptoms [9]. On 
the other hand, bone scintigraphy is more sensitive than mag-
netic resonance, especially in evaluating suspected lesions in the 
spine or pelvis, identifying multiple stress fractures, and distin-
guishing bipartite bones from stress fractures [18].

Several authors has also describes another entity which 
appears as linear cortical uptake which involves the posterome-
dial aspect of the long bones and is called shin splints or medial 
tibial stress syndrome due to the localization of exercise-induced 
pain to the poster medial aspect of the distal two-thirds of the 
tibia [30, 38, 46] Distinguishing stress fractures from shin splints 
is important in patients’ treatment. The three phase bone scan 
appearance was well described by Holder and Micheal [30] as 
showing low grade non-focal periosteal uptake in the distal 
poster medial aspect of tibia on the delayed bone scan only with 
no abnormalities seen in blood flow (Fig. 2). The possibility of 
using bone scintigraphy for the diagnosis of shin splints and to 
differentiate it from stress fractures in tibia is very useful clini-
cally and in treatment management. It leads to the detection of 
bone stress injury at an early stage, thus permitting a reduction of 
the period of rest, which is desirable for elite athletes. With 
appropriate therapeutic management of shin splints the recovery 
period is generally shorter than stress fracture.

One of the most common spine related complaints asso-
ciated with physical activity is low back pain. Although 
the etiology is frequently of muscular or radicular origin, 
it could also be osseous. Injury of the pars interarticularis 
is one of the most common identifiable causes of ongoing 
low back pain in adolescent athletes. It constitutes a spec-
trum of disease ranging from bone stress to spondylolysis 
and spondylolisthesis. Bone stress may be the earliest sign 

of disease. Repetitive bone stress causes bone remodeling 
and may result in spondylolysis, a non-displaced fracture 
of the pars interarticularis. A fracture of the pars interar-
ticularis may ultimately become unstable leading to spon-
dylolisthesis. Results in the literature support the use of 
bone scintigraphy to diagnose bone stress in patients with 
suspected spondylolysis. Repetitive stress causes local 
bone remodeling and abnormal uptake of scintigraphic 
tracer. SPECT has 10–20 times more contrast than planar 
bone scintigraphy and is more sensitive than radiography 
and planar bone scans. Furthermore, scintigraphic abnor-
malities have been found to correlate with painful lesions 
of the pars interarticularis [5, 12, 29, 60]. Although bone 
SPECT is the most sensitive, computed tomography (CT)  
which demonstrates detailed osseous morphology is highly 
specific and is useful after SPECT imaging for staging, 
treatment stratification, and to predict the probability of 
ultimate bone healing [13, 50]. However, CT of the spine 
results in higher ionizing radiation exposure compared to 
bone scintigraphy [7] Furthermore, there are reports in the 
literature of a normal spine CT in patients with abnormali-
ties on planar bone scintigraphy and SPECT [11, 43]. This 
may be explained by the fact that tracer uptake in the 
region of the pars interarticularis on scintigraphic studies 
corresponds to bone stress. If this stress has not yet resulted 
in a fracture, changes may not be visible on CT. The iden-
tification of patients with this pattern of scintigraphic find-
ings is particularly important as these patients may have 
the best chance of healing with early treatment [61]. MRI 

Fig. 2 Linear cortical uptake is seen in both tibias on the delayed scan 
suggestive of shin splints
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is not as sensitive as SPECT for identifying bone stress of 
the pars interarticularis and does not delineate bony detail 
to the same extent as CT [11, 43].

In general, when bone stress or spondylolysis is sus-
pected, bone scintigraphy with SPECT is recommended. It 
increases the diagnostic yield of planar bone scintigraphy 
by 20–50% [48]. Therefore if planar scintigraphy is nor-
mal, it is always necessary to perform SPECT. Even in 
cases where planar bone scans show the abnormal uptake, 
SPECT frequently reveals associated contralateral pars 
stress changes or at additional spinal levels or additional 

abnormalities (Fig. 3). In addition, SPECT is valuable for 
the follow-up of athletes with back pain and shows the 
healing process and consequently assists in treatment 
management.

In conclusion, there is no doubt that SPECT improves 
lesion detection in the posterior elements of the vertebra with-
out exposing the patient to additional radiation and SPECT/
CT is likely to show incremental benefit [1, 21, 27, 56, 62]. 
The differential diagnosis of stress fractures from other inflam-
matory and non-osseous injuries, such as enthesopathies can 
easily be made by anatomic-physiologic data.
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Fig. 3 Planar bone scintigraphy (a) shows minimal increased radiotracer uptake on the left side of L5 vertebrae (arrow). (b) SPECT images display 
increased activity not only on the left (long arrow), but also on the right (short arrow) pars interarticularis consistent with spondylolystesis
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Enthesopathies

In sports medicine, an enthesopathy refers to a disorder of 
entheses (bone attachments). If the condition is known to 
be inflammatory, it can more precisely be called an enthesi-
tis. Examples include ankle ankylosing spondylitis, plantar 
fasciitis, and Achilles tendinitis. Enthesopathies are disor-
ders of peripheral ligamentous or muscular attachments 
caused by repetitive overuse of muscles during physical 
activity. Mechanical stresses, presumably caused by repeti-
tive trauma applied to the muscle tendon unit causes 
microtearing at the periosteal interface, affecting Sharpey’s 
fibers and inducing periosteal and cortical reactions of 
accelerated bone turn over, which can be detected by bone 
scintigraphy. During the acute phase of the injury, radio-
logical studies are normal. However, bone scan, promptly 
demonstrates abnormal activity which is typically focal at 
the site of fascio-tendinous or ligamentous attachment to 
bone and can be associated with increased blood flow.

Plantar fasciitis is a common enthesopathy causing heel 
pain. Typically plain radiography is nor helpful, but is gener-
ally done to rule out other conditions. Although the radiogra-
phy may reveal a calcaneal spur, its presence is non-specific 
and can be observed in asymptomatic adults. Bone scintigra-
phy and MRI have been shown to be helpful in determining 
the diagnosis, however MR imaging can reveal more detail 
including the thickening of the plantar fascia, inflammation 
in the plantar aponeurosis, occult marrow edema and fascial 
tears [24, 34]. SPECT/CT can provide detailed information 
about metabolic alterations and anatomical structures.

Radiographically Occult Trauma

In the workup of patients with posttraumatic pain due to 
sports injuries, which is suspected to be of osseous origin, 
bone scintigraphy is a very sensitive technique for detec-
tion of early changes when plain films are negative. 
Common sites for occult fractures include proximal tibia, 
distal femur, talar neck, scaphoid, anterior calcaneal pro-
cess, and lateral talar process, also known as snowboard-
er’s fracture. Radionuclide bone scintigraphy has been 
successfully used in those situations in which more objec-
tive evidence of fracture is desired prior to treatment. 
When the age of the fracture cannot be determined from 
the radiograph, a recent fracture can be distinguished from 
a healed fracture with three phase bone scintigraphy. In 
general, fracture sites tend to show increased accumula-
tion of tracer within hours after injury [45].

Osteochondral fractures of the talus occur in up to 6% of 
ankle sprains, most commonly in the postero medial aspect 
of the talar dome [59]. Plain radiographs may miss up to 33% 

of fractures and in a series of 122 patients, bone scan was 
shown to have a sensitivity of 94% which appears to be a 
good screening test [72]. The true power of the bone scan 
relies on its extreme sensitivity for osseous pathology and 
provides earlier diagnostic capabilities [55]. The negative 
predictive value, the likelihood that a negative test truly rules 
out disease, is extremely high [28, 39, 55]. Earlier, the major 
drawback with bone scan was the lack of bone detail but with 
the advent of hybrid cameras such as SPECT/CT accurate 
localization and lesion characterization can be easily done 
although in certain patients follow-up testing with a modality 
yielding superior bony anatomy resolution can be necessary.

Fractures of the scaphoid are the most common carpal 
fractures. A review of the literature indicates that the preva-
lence of the fracture in the case of clinical suspicion is less 
than 50% [16, 19, 33, 57, 66]. A quality X-ray examination 
remains essential as an initial diagnostic tool in the evalua-
tion of scaphoid fractures. Its sensitivity varies from 59% to 
79% [63–65, 67–71]. Patients with negative X-rays present 
with about 18.7% of scaphoid fractures; 5% of bruised sca-
phoid; 13% of radius fractures; and 7% of miscellaneous 
bone lesions [8] (Fig. 4). If not treated promptly, a scaphoid 

a

b

Fig. 4 Patient with recent wrist trauma with normal x-rays. (a, b) Bone 
scan shows hyperemia and increased uptake on delayed bone scan in 
the scaphoid region consistent with an occult fracture (arrows)
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fracture may be compounded by non-union with associated 
risk factors such as avascular necrosis and osteoarthritis. 
Currently, bone scintigraphy is being advocated as the gold 
standard to detect occult scaphoid fractures as it has a sensi-
tivity of almost 100% [4, 70, 71] with limited specificity. In 
one study, it was found that in patients with presumed sca-
phoid fracture and normal radiographs, scintigraphy was 
able to demonstrate abnormal uptake in 45% and CT depicted 
a fracture in 27.4% of the cases [26].

Chondromalacia Patella (CP)

Painful disorders of the patellofemoral joint are one of the 
most frequent complaints in sports medicine and chon-
dromalacia patella is due to an irritation of the undersur-
face of the kneecap [6]. The undersurface of the kneecap, 
or patella, is covered with a layer of smooth cartilage 
which normally glides effortlessly across the knee during 
bending of the joint. However, in some individuals, the 
kneecap tends to rub against one side of the knee joint, and 
the cartilage surface become irritated, and knee pain is the 
result. Often called “Runner’s Knee,” this condition mostly 
affects young, otherwise healthy athletes and is character-
ized by a series of degenerative changes initiated in the 
retropatellar facet cartilage that may often progress to 
cause focal exposure of bone, subchondral osteophytosis 
and cystic change.

Bone scintigraphy has been used for the investigation of 
patellofemoral joints [20, 22, 35] and CP in particular [10] 
with different sensitivity values. However, planar bone scin-
tigraphy has poor specificity since on anterior or posterior 
views activity within the patella is superimposed on activity 
originating in the femur. Due to this overlap of bony struc-
tures planar bone scintigraphy often fails to detect patell-
ofemoral abnormalities. Although planar bone scan with low 
resolution has diagnostic uncertainties, pinhole scintigraphy 
with better anatomical resolution has been shown to enhance 
diagnostic accuracy [2, 17]. In a study by Bahk et al. [3], 
spotty tracer uptake involving the central retropatellar facet 
in planar bone scan was reported to be characteristic of CP in 
older subjects. The sign appeared to be pathogromonic when 
it occurred without other abnormalities in the knee. In a study 
by Kohn, 100 adult sports medicine patients with clinical 
findings suggesting chondromalacia patella were evaluated 
with bone scintigraphy [35] . Of these patients, 50 underwent 
arthroscopic surgery and 50 were treated conservatively. The 
intensity of abnormally increased scintigraphic activity in 
the patella correlated closely with the grade of chondromala-
cia observed by the arthroscopist.

Reflex Sympathetic Dystrophy

Reflex sympathetic dystrophy (RSD), also known as com-
plex regional pain syndrome (CRPS) or algodystrophy is an 
incompletely understood response of the body to an external 
stimulus. It is characterized by pain, tenderness, swelling, 
diminished motor function, and vasomotor instability that 
usually is nonanatomic and disproportionate to the inciting 
event or expected healing response [36].

Plain radiography is only 60% sensitive and not specific; 
when positive, radiographs often show only osteoporosis, 
occasionally in combination with soft tissue swelling or dif-
fuse soft tissue atrophy. The osteopenia patterns are not 
pathognomonic and can occur as a result of disuse [37].

Radionuclide bone imaging is the only generally accepted 
imaging technique to provide objective and relatively spe-
cific evidence of RSD in the upper and lower extremities, 
predominantly the hands and feet [41].

For regional RSD of the hand or foot, the hallmark on the 
radionuclide angiogram is diffuse increased perfusion to the 
entire extremity, including the distal forearm or leg and, 
occasionally, reaching the shoulder or hip, even when the 
inciting lesion is distal. Similar diffuse increased vascularity, 
manifested by diffuse increased tracer accumulation on 
blood pool is seen. On these images, juxta-articular accen-
tuation may be seen (Fig. 5). RNA findings are abnormal in 
approximately 40% of patients and blood pool findings in 
approximately 50%, most often in clinical stage I or II of the 
disease. Delayed images demonstrate diffuse increased tracer 
throughout the hand or foot, including the wrist or ankle, 
with juxta-articular accentuation and, often, proximal uptake 
involving the forearm or leg and, occasionally, the shoulder 
and arm or hip and femur. Activity in the hands or feet usu-
ally is more prominent proximally than distally, but the 
amount of abnormal tracer uptake has not been correlated 
with clinical severity. Quantification occasionally has been 
helpful but is not used routinely. Delayed bone imaging has 
been reported to be up to 100% sensitive for the variant of 
sympathetically maintained pain termed RSD by hand and 
foot surgeons [31].

Conclusion

Bone scintigraphy has applications for the diagnosis and 
monitoring of sports injuries.

High sensitivity and promptness of bone scintigraphy for 
the detection of skeletal metabolic changes make it possible 
to obtain early diagnosis of bone lesions before structural 
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changes occur. On the other hand, bone scan complements 
the findings of anatomical imaging such as conventional 
radiography, CT, and MRI by providing physiological infor-
mation. Currently, hybrid technology such as SPECT/CT 
provides accurate localization and characterization of equiv-
ocal lesions seen on planar images. It also has to be kept in 
mind that knowledge of the medical history will lead to a 
more specific differential diagnosis.
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Analytical Methods for Studying  
Sports Injuries

Turhan Menteş and Mutlu Hayran 

The messages given in medical publications rely highly on 
discussions and outcomes of the study which are both writ-
ten according to the statistical analysis of the corresponding 
research. Therefore, a faulty statistical analysis will lead to a 
wrong inference, spread of incorrect messages, and errors in 
evidence-based medical practice. Mistakes made in multiple 
stages of a study, from data management to preparing the 
final analysis report will also affect the data quality, and in 
turn the validity of the study unfavorably. The appropriate-
ness of statistical analysis and the inferences drawn from the 
analyses will be valid only when the best data quality is 
maintained.

Several classifications exist for grouping types of medical 
studies, which are also applicable to sports injury studies [6]. 
Yet, the main distinction is the existence of an intervention, 
that is, whether or not the enrolled subjects receive a certain 
type of medical management (drugs, diet, exercise, rehabili-
tation, etc.) only because they are enrolled in a specific study. 
The observational and interventional studies are further bro-
ken into specific categories. Table 1 provides a simple clas-
sification for major study types.

The selection of the appropriate type of design is essential 
in gathering the optimal information that correctly reflects the 
truth. Independent of the type of the study, the appropriate sta-
tistical analysis of each study is the final necessary step in 
drawing correct inferences from the observed data [7–8, 10].

Before deciding which statistical method would be proper 
to use in the study, four major groups of questions must be 
answered: (a) Which variables are dependent, and which are 
independent? What are the scales of the variables? (b) If the 
scale is numerical, then is the distribution normal? Are the 
measurements related, or not? (c) How many study or mea-
surement groups are there in the design? (d) If there is only 
one group, then what is being examined: the differences 
between groups, or the relations between events?

Important concepts mentioned in these four questions are 
explained below.
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Dependent/Independent Variables

Variables are representations of every piece of information 
collected from each subject in a study, in the corresponding 
dataset.

Dependent variable is an event or condition, the changes of 
which due to the inter-group differences, or due to variations 
in other variables, are the primary focus of the analysis. 
Independent variable is an event or condition, which causes 
the changes in the primarily examined variable. When a cause–
effect relationship is considered, independent variable repre-
sents the cause, and the dependent variable represents the 
effect. Factors determined as independent variables have vari-
ous effects on dependent variables, and dependent variables 
take different values as a result of these effects. For example, 
in an analysis in which the effect of various exercises on joint 
pain is being examined, the type of exercise is the independent 
variable, and the pain is the dependent variable.

Independent variables can either be (a) primary interven-
tion variables that are under the control of the investigator 
throughout the study, in designs where the effects of inter-
ventions on the results are being examined (e.g., effects of 
physiotherapy vs. no physiotherapy), (b) variables which are 
not controlled but only measured in the study, so that their 
effects can be assessed (e.g., types protective equipment used 
in the last 10 years for an athlete); or (c) they can be the con-
trol variables, in designs where defining the effects of the 
control variable is not the primary aim, but the variable is 
still important as it can change the observed effect of the 
main variable (e.g., effect of prior arm injury and experience 
on the assessment of the performance of two different bows 
in archery). In such conditions, these variables (arm injury 
and experience) are also taken into the analysis as indepen-
dent variables along with the main variable and multivariate 
analysis techniques, assessing the effect of more than one 
independent variable, are used.

Measurement Scales

All variables are measured in different scales. The two main 
groups form the categorical and the numerical scales. Categorical 
scale is further divided into nominal and ordinal scales [30].

Nominal scale: A nominal variable is a variable which 
stores categorized values that carry qualitative information. 
These values cannot be sorted in terms of magnitude, and the 
arithmetical operations are not valid for them. For example, 
in a study that records the cause of the injury for an injured 
athlete in the following five categories, the “cause of injury” 
variable would be a nominal one: 1-fall or slip, 2-cut/punc-
ture or scrape, 3-striking against an object or person, 4-sud-
den or awkward movement, 5-other. The categories in the 
corresponding database will be coded with numbers from 1 
through 5. Yet, the mathematical operation made with these 
numbers will be invalid. Likewise, the code 2, namely, “cut/
puncture or scrape,” does not qualify as a superior or greater 
value than the code 1, namely “fall or slip.”

Ordinal scale: Variables with an ordinal scale are those 
that have an order in the measurement levels of the variable, 
but distances between the respective levels are not equal 
making the arithmetical operations, such as taking differ-
ences and ratios, invalid. For example, a variable that records 
the degree of injury in the following four categories will be 
an ordinal one: 1-mild, 2-moderate, 3-severe, and 4-very 
severe. In this example, code 1 represents a lower degree of 
injury than code 2. However, the difference between injuries 
coded with 2 and 1 is not necessarily equal to the difference 
between those coded with 3 and 2. Likewise, an athlete with 
a code of 2 (moderate injury) cannot be summarized as to be 
twice more injured than one with a code of 1 (mild injury).

Dichotomous variables are the ordinal or nominal  
variables, which have only two groups (e.g., level of sport 
practiced: 0-amateur, 1-professional; or gender: 1-male, 
2-female).

Numerical scale: If the values of a variable are determined 
not qualitatively by definitions, but quantitatively with mea-
surements, then this variable is a variable with a numerical 
scale. The order and the difference concepts are both valid 
among the values of the numerically measured variables. 
This means that for a pain variable measured with a visual 
analog scale (VAS) between 1 and 100, a value coded with 
the number 20 corresponds to a greater degree of pain than 
the one coded with the number 15. The pain difference 
between these values is equal to the difference between VAS 
values coded with 30 and 25, where both will correspond to 
a 5 unit change.

Numeric measurement variables can be divided into the 
subgroups like interval and ratio scale variables. This dis-
crimination does not at all times change the statistical analy-
sis method, but it is important for certain calculations or 
transformations that may have to be made prior to the analy-
sis. Interval scale is used for variables, where the ratios 
between numbers cannot be taken and operations such as 
multiplication and division cannot be performed directly. 
These variables do not have a real zero value. For example, a 
zero value for the body temperature value is an arbitrary zero 
value defined according to the unit used. Temperatures of 
0° Fahrenheit and 0° Celsius corresponds to different values. 

Table 1 Classification of major types of medical studies

Observational studies
Analytical
  Cross-sectional
  Case-control
  Cohort
Descriptive/methodologic

Interventional/experimental studies
Randomized controlled trials
Non-randomized clinical trials
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It is appropriate to perform analyses using the differences 
rather than ratios in these types of variables. On the other 
hand, for the ratio scale variables, there is a real zero value. 
Length (distance walked within a given time), cell counts 
(number of red blood cells in body fluids), questionnaire 
scores (e.g., sports anxiety questionnaires), or performance 
scores (e.g., quadriceps strength indices) are examples of 
variables that can take real zero values. It is also acceptable 
to make comparisons using ratios for these types of 
variables.

Another distinction between the numeric variables is 
according to the discrete or continuous values. If a numeric 
variable, like “number of push-ups performed,” cannot take 
every value from real number sets and can only take certain 
integer values, then this variable is a discrete variable. 
Continuous variables, however, like age or blood pressure 
may have any real number as a value.

Normal distribution: One important classification for 
numerical variables is by the distribution of the values they 
take, mainly trying to make the distinction as to whether they 
are normally or non-normally distributed. Formal analysis 
methods exist to determine if a variable is normally distrib-
uted. In general, for a set of values with a numeric scale, if 
the most frequently observed values are near the group mean, 
if the frequencies of the values decrease in a similar manner 
as they increase or decrease away from the mean (following 
a bell shaped curve), and if for the majority of the values 
(approximately 95%) the difference between each value and 
the group mean is lower than two times the standard devia-
tion of the group, then this variable may be considered to be 
normally distributed. For example, assume that 10-m walk-
ing speeds of 50 athletes recovering from recorded, mean 
speed was calculated as 1.5 m/s, and the standard deviation 
was 0.2 m/s. If the majority of the values are around 1.5 m/s; 
if the proportion of the values lower than 1.3 m/s (those that 
walk 0.2 m/s faster than the group mean) is more or less 
equal to those greater than 1.7 m/s (those that walk 0.2 m/s 

slower than the group mean); the proportion of athletes walk-
ing same amount faster and slower than the group mean are 
similar; and if the walking speeds of about 47 people (approx-
imately 95%) are located between 1.1 m/s and 1.9 m/s (within 
2 standard deviations of the group mean), then the distribu-
tion of this variable will most likely be normal, which will 
enable the statistician to use parametric methods for analy-
sis, a set of tests that are used for normal distributions. For 
non-normal distributions non-parametric tests are used. 
Figure 1 shows examples of histograms (bar graphed fre-
quencies of grouped values) for normal and non-normal 
distributions.

There are some other properties for the normal distribu-
tion, as well. For example, in a normal distribution the mean, 
median (the value at the middle when all of the values are 
ordered), and mode (most frequently observed value) values 
are close to each other. The ratio of standard deviation to the 
mean, namely, coefficient of variation (CV), is lower than 
30% (e.g., the CV for the example given above is 0.2/1.5 × 
100 = 13.3%). There are also formal statistical tests which 
examine whether the variables are normally distributed or not 
(e.g., Kolmogorov-Smirnov test, Shapiro-Wilks test, etc.).

Dependent/Independent Samples

Dependent (related) or independent (non-related) samples 
and dependent or independent variables are important con-
cepts that must not be confused with each other. For deciding 
whether two or more data groups (samples) are dependent to 
each other, one must consider whether the same individual 
provides data to more than one data group. For example, 
think of a grouping made with the gender variable. Assume 
that the data observed is the jumping distance and is divided 
into two datasets; one from women and one from men. In this 
example, individuals can provide data either to women or to 
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men datasets according to their gender. The jumping distance 
value from the one individual cannot take place in both data-
sets. For this reason, data groups formed by gender, and the 
measurements in these groups are independent. Therefore, if 
the jumping distance of women and men are to be compared, 
statistical methods for independent samples (unrelated 
groups) should be used.

Let us look at a different study where the differences in 
lactate levels before and after the exercise are being com-
pared. Here, the lactate level is measured twice, once before, 
and once after the study. Each individual provides data both 
to the pre-exercise and post-exercise datasets, and for this 
reason the two datasets will be related datasets. So, the 
appropriate analytical test necessary for this comparison 
needs to be selected from the statistical methods for related 
samples.

Number of Samples (Data Groups)

Another factor which affects the statistical analysis method 
used is the number of the groups in the study. For example, if 
the safety and the optimal dose of a nutritional supplement 
are examined in a Phase II interventional study, then the 
number of samples is one. On the other hand, if the efficacy 
of two different supplements is being investigated, then the 
number of the groups is two. If the change in urine-specific 
gravity for members of a professional sport team following 

competitive exercise is investigated at 4 time-points, that is, 
0, 1, 2, and 4 h, there is one study group (consisting of the 
members of the team), but in terms of analysis the number of 
samples will be four, grouped by the time the urine sample is 
taken (0, 1, 2, and 4 h).

Associations, Differences, and Predictions

Statistical analyses may have different aims. Mainly, they 
may be performed to assess the statistical significance of dif-
ferences between groups (related or unrelated), to detect 
presence of associations or correlations between different 
measurements and events, or to predict events by observing 
reliable surrogates that are measured more easily or mea-
sured earlier. The aim naturally changes the method selected 
[18]. For example, a study that reveals the correlation of 
blood liver enzyme levels and degree of fatigue in a group of 
athletes is an example for a study which explores the associa-
tions. A study that tries to estimate finish times of athletes in 
a marathon, by looking at age, sex, leg length, and 3,000 m 
performance, is an example that focuses on predictions.

In Figs. 2–4, we provide an algorithm that selects the fre-
quently used statistical methods. This algorithm takes into 
account the measurement scale of the dependent variable, 
dependency (relatedness) of groups or measurements, num-
ber of samples, and the numbers of independent variables 
[12, 13, 15–17, 21–23, 27, 28, 31].

Dependent Variable: Nominal Data

Dependent Variables/MeasurementsMore Than One Independent GroupsSingle Group

Independent
Variable:

None

Chi-Square
Goodness of

fit test

Chi-Square
or Fisher’s

test

Chi-Square
of Fisher’s

test

Cochran’s Q
test

McNemard test
or Kappaa test

Logisticv2 or
Multinominalvn

Logistic
Regression

Logisticv2 or
Multinominalvn

Logistic
Regression

Independent
Variable:
Nominal

More Than
One

Independent
Variable

Other
Independent

Variable:
None

Other
Independent

Variable:
Present

2 Dependent
Groups/

Measurements

More Than 2
Dependent

Groups/
Measurements

Fig. 2 Analytic methods used when the dependent variable measure-
ment is nominal (d: when the differences between the measurements 
are being examined, a: when the associations between the measure-

ments are being examined, s2: dependent variable has two groups, sc: 
dependent variable has more than two groups)
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Dependent Variable: Normally Distributed Numerical Data

Single Group

Independent
Variable:

None

Z or T test
Multiple

Regression

Pearsonp or
Spearmannp

Correlation
test

Student’s Ti2 or
ANOVAin test

Student’s Td

test for
Dependent
Groups, or
Sensitivity
Analysisa

Student’s T
test

Analysis of
Variance Test

(ANOVA)

Repeated
Measures
Analysis of
Variances

Independent
Variable:
Numeric

Independent
Variable:
Nominal/
Ordinal

More Than
One

Independent
Variable

2
Independent

Groups

More Than 2
Independent

Groups

2 Dependent
Groups/

Measurements

More Than 2
Dependent

Groups/
Measurements

Independent Groups Dependent Variables/Measurements

Fig. 4 Analytic methods used when the dependent variable is normally 
distributed numerical (d: when the differences between the measure-
ments are being examined, a: when the associations between the mea-
surements are being examined, i2: independent variable has two groups, 

ic: independent variable has more than two groups, p: independent vari-
able matches the parametric test assumptions, np: independent variable 
does not matches the parametric test assumptions)

Dependent Variable: Ordinal or Non-Normally Distributed Numerical Data

Single Group

Independent
Variable:
Ordinal

Spearman
Correletion

test

Mann-
Whitney U

test

Kruskall-Wallis
test

Friedman test

Chi-Squarei2

or Mantel-
Haenzselin

test

Logisticv2 or
Multinominalvn

Logistic
Regression

Wilcoxond test
or Kappaa test

Independent
Variable:
Nominal

More Than
One

Independent
Variable

2
Independent

Groups

More Than 2
Independent

Groups

2 Dependent
Groups/

Measurements

More Than 2
Dependent

Groups/
Measurements

Independent Groups Dependent Variables/Measurements

Fig. 3 Analytic methods used when the dependent variable is ordinal 
or non-normally distributed numerical (d: when the differences between 
the measurements are being examined, a: when the associations between 
the measurements are being examined, v2: dependent variable has two 

groups, vn: dependent variable has more than two groups, i2: indepen-
dent variable has two groups, in: independent variable has more than 
two groups)
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Appropriateness of Study Sample Size

As researchers, we are never able to include all eligible indi-
viduals in our studies. We rather select a sample from this 
universe and carry our studies in this sample believing that 
the sample is representative of the whole. The appropriate 
study design is definitely a must to increase the chance of 
proper representation. We hope that it is intuitive for the 
reader that one needs to take more individuals out of a het-
erogeneous group to have a more representative sample. The 
standard deviation is a statistic that measures the extent of 
heterogeneity in a group and is constantly used in sample 
size calculations. One other important factor affecting the 
sample size is the precision, that is, the minimum change or 
difference that the study aims to detect. The more precise 
your study setup, the larger the sample size needs to be.

For making a correct assessment about the sample size, 
one must also be aware of the two main types of statistical 
errors. These are called as type-1 and type-2 errors or in 
other words, alpha and beta errors, respectively. These error 
types are defined by the extent that the results of a study 
represents the real-life events correctly. Type-1 error can be 
described as finding a result (a significant difference, asso-
ciation, etc.) in the study that does not exist in real life, and 
Type-2 error can be described as being unable to show within 
the study a situation that, in fact, exist in real life (Table 2).

It is impossible to totally eliminate the type-1 or type-2 
errors without taking all of the individuals in the universe into 
the study who are eligible as per the inclusion criteria. It is 
obvious that if we include greater numbers of people into our 
study, from those to whom the results of the study will be gen-
eralized, our risk of making a mistake will be as much lower. 
The acceptable levels of type-1 and type-2 errors are deter-
mined prior to the study and included in the study protocol. 
These levels form the basis of the sample size calculation.

Presentation of Data and Effect Size

The p-values, commonly reported as results of statistical 
analyses, are values that represent the probability that the 
observation made from the study sample (such as a differ-
ence between groups or association between events) is due 
to chance, not due to the reflection of a real-life situation in 
the sample. Most novice researchers are mistaken to think 
that the primary aim of statistics is to obtain this p-value.  
It is equally important, however, using descriptive statistics 
(see Table 3 for a list of most commonly used descriptive 
statistics) to present the magnitude of the findings and assess 
the significance from the clinician/basic researcher point of 
view [3, 5]. This magnitude is called the effect size and may 
be presented in different forms depending on the nature of 
the study. For example, a study assessing the safety of two 
different drills may find that the possibility of groin pull is 
higher with one, say 2 per 10,000 person-hours of training 
with method A versus 3 per 10,000 person-hours of training 
with method B. Now, the researcher cannot simply say that 
method B is a more risky one and recommend against it, 
even if the p-value is less than the generally accepted thresh-
old of 0.05. The effect size here is a difference of 1 per 
10,000 person-hours of training. p-Value simply says this 
difference is real, but it cannot say that it is an important dif-
ference [29]. Now it is really important for the researcher to 

Table 2 Situations where type-1 and type-2 errors occur

Real life situation

The difference/
association exists

The difference/
association does 
not exist

Result 
of study

A difference/an 
association was 
found

Success Type-1 error

A difference/an 
association was 
not found

Type-2 error Success

Table 3 Selected variables used in sports injury trials and basic 
descriptives use by variable type

Variable type Examples of variables 
in sport trials [1, 2, 4, 
9, 14, 19, 24–26]

Descriptives

Nominal Presence of risk factors, 
presence of prior history, 
type of equipment used, 
type of injury, type of 
prevention program, type 
of rehabilitation program

Percentages with 
95% confidence 
intervals

Ordinal Global assessment of 
injury, patients’ 
assessment of normal 
function/activity

Percentages with 
95% confidence 
intervals

Patients/physician 
satisfaction assessment, 
postoperative function

Median, range
Median, inter-
quartile range

Numeric 
– normally 
distributed

VAS pain score, time to 
return to pain-free and 
disability-free sport, split 
time, physiologic ability 
scores, sports question-
naire scores

Median, range
Median, inter-
quartile range

Numeric 
– non-normally 
distributed

Mean, standard 
deviations
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clinically assess if this level of risk is enough to remove 
method B from the list of safe drills. Say, if drill B increases 
jumping performance by 80% when compared to drill A, the 
final inference will likely be that it may still be an efficient 
drill to use. Appropriate presentation of statistical analyses 
therefore includes providing accurate tables or graphs that 
best represents the effect size, providing estimates along 
with the confidence intervals.

One of the frequently used effect size is the risk ratio, 
which describes the risk of occurrence of an event when 
there is an exposure. Again these exposures may be in any 
form of wanted or unwanted effects (e.g., drug, exercise, 
diet, falls, slips, cuts, etc.). The occurrence probability of an 
event in the presence of an exposure when compared to the 
probability in its absence is described as odds ratio in case-
control studies, and as relative risk in cohort studies [11]. 
Methods to calculate risk ratios in different designs are given 
in Table 4.

Diagnostic characteristics of a medical test in confirming 
and eliminating a disease can be calculated with a similar 2 × 2 
design shown in Table 5 [11].

Reporting Standards of Analyses

The reporting standards of analysis of studies have been 
developed by a multinational scientific working group, and 
were defined in a document named CONSORT (Consolidated 
Standards of Reporting Trials). This group defined the mini-
mum requirements for reporting of analyses in an article [20]. 
These included showing a flowchart describing the patient 

flow, presenting effect sizes with confidence intervals, pre-
senting the statistical methods used for analyzing the primary 
end-point, presenting the subgroup analyses (if any), and 
possible variables and methods used for statistical adjust-
ments. For prospective clinical trials, the results of intent-to-
treat analyses (analyzing everyone enrolled in the study), per 
protocol analyses (analyzing those with perfect compliance 
to the study), and safety analyses (reporting adverse effects) 
also need to be reported.
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abrasion arthroplasty 655
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acute rupture 618
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postoperative care 332
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anabolic steroid abuse 1062
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ankle portals
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anteromedial portal 658
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anterior cruciate ligament
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epidemiology 33, 1033
Ganley’s algorithm 1034
injury mechanism 36, 37
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risk factors 35, 43
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cartilage transplantation 1180
 postoperative rehabilitation 734

Cartipatch® 724
caspase-3 83
catecholamine 1122
catheter-directed thrombolysis 1057
Caton Deschamps index 598
caveat arthroscopy 974
Cedell fracture 675
cephalic vein 90
cervical collar 1115
cervical spine injury 1007, 1050, 1051
chair sign 219
Chaput tubercle 706
characterized chondrocyte implantation  

(CCI) 744
chemical sterilization 1188
chondral apoptosis 695
chondroblastoma 977
chondrocalcinosis 956
ChondroCelect score 735
chondrocyte 695
ChondroGide 736
chondrogenesis 746, 755

in vitro 760
MSC 747
onset 744

chondroid metaplasia 82
chondrocelect score (CC Score) 744
chondroitin sulfate 685
chondromalacia patellae 946, 1020, 1224
chondronectin 695
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chondroprotection 322, 326
Chrisman-Snook tenodesis 629, 630
chronic ankle instability 627
Cincinnati SMREF program 39
circle sign 566
c-Jun N-terminal protein kinase (JNK) 83
Clark’s sign 567
Clay shoulders’ fracture 798
Clocheville technique 1027
closed kinetic chain exercises 1137, 1158
Clostridium species 422
coagulation cascade 1066
Codman triangle 977
collagen meniscus implant

clinical studies 337
fabrication 336
indications 336
Menaflex 335, 341
surgical technique 336

collision 1114
Colton’s classification 229
combined knee trauma 537
combined ligament injury 529
compartment syndrome 881
computed tomography 1219
conoid ligament 188
consolidated standards of reporting trials  

(CONSORT) 1235
Constant-Murley score 183
continuous patellar dislocation 598
coordination 27
coracoclavicular ligaments 177
coracohumeral ligament 75, 76
coracoid process 88, 94
Cotton test 640
Couple concept 135
COX-2 83, 100, 867
crossed leg test 640
crossing sign 587, 599 
cryopreservation 435
cryotherapy 204, 371, 1129, 1132
cutting manoeuvre 29, 39, 46, 47
cyclops 466
cytochrome-C 83
cytokine 1173

D
D’Alembert’s principle 22
d-dimer 1068
dead arm syndrome 117
decorin 890
deep friction massage 1133
delayed onset of muscle soreness (DOMS) 881
Delta phalanx 1005
deep vein thrombosis (DVT) 1065

air travel 1066
diagnosis 1068
EKG findings 1069
prevention 1069
risk factors 1066, 1067
treatment 1069

deoxyribonucleic acid (DNA) 1173
dependent variable 1230
diabetes mellitus 82, 969
diathermy

ankle 717
knee 714

digital ischemia 1058
discoid lateral meniscus

classification 287
clinical presentation 289
epidemiology 286
radiology 290
saucerization 292
tears 288
treatment 291
treatment outcome 294

distal biceps tendon 223
distal femoral osteotomy 948
distal radioulnar joint 235
dorsal intercalated segment instability 241
double-row technique 104
Drehman sign 960
driver’s training program 1122
drivethrough sign 131, 146
driving heart rate 1122
dynamic muscle balance 43
dynamic or stress radiographs 641
dynamic stereo X-Ray 559
dynamic ultrasonography 257

E
eccentric exercise 869, 920
eccentric step test 567
effort thrombosis 1057
Ehler’s Danlos syndrome 163
elbow instability 218
elbow tendinosis 1172
electro stimulation 204
electrotherapy 1132
Ellman classification system 100, 101
EMG 45, 46
endobutton 411, 468
endofibrosis 1058
endoscopic calcaneoplasty 673
endurance exercises 1138
Enterococcus faecalis 432
enthesopathy 614, 1223
epicondylitis 214
epididymitis 267
epididymo-orchitis 266
epiphyseal growth plate 1181
epiphysis 1000
Essex-Lopressti injury 228
estrogen 36
Ethibond suture 911
Evans tenodesis 629
Ewing sarcoma 974, 977
extansor mechanism 537
Extended Bankart lesion 167
external impingement syndrome 100
external rotation stress test 640
external tibialis ossicule 615
extra-articular tenodesis 1037
extracellular matrix bioscaffolds 1211
extracellular protein matrix 1187
Extracorporeal shockwave therapy (ESWT)  

100, 869, 895
extrascrotal pathology 263
extracellular matrix (ECM) 739, 740, 741,  

753, 758
deposition 747
rich in proteoglycans 742
synthesis 743, 746
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extrication
crash extrication 1116
elective extrication 1117
emergency extrication 1116
FIA Extrication Bag 1116
Kendrick extrication device® (KED) 1115
urgent extrication 1117

F
FABER test 250
FADIR test 250
fatty infiltration 82
female athlete triad 928
femoroacetabular impingement 278, 957, 960

assessment 279
cam type 278
pincer type 278

Fenton reaction 589
Ferkel classification 655, 656
FIFA’s medical research center (F-MARC) 31, 64
Fibertape 111
fibre A-delta 941
fibre C 941
fibrin glue 715, 725
fibrogenesis 890
fibronectin 695, 753, 753, 754, 755, 756, 759
finite element modeling 23, 24
first rib removal 1056
Flamingo view 257, 277
flexibility exercises 1138
flexor hallucis longus partial tethering 616
fondaparinux 1069
Footballer’s ankle 635
forced passive hyperplantar flexion test 674
fovea sign 237
Fredericson’s classification 778
freezedrying 435
frizzled-related protein-3 687
Fruchaud 255
Fulcrum test 776, 779, 780, 781, 781, 782
functional exercises 1140

G
gait pattern after meniscectomy 349
Ganley’s algorithm 1034
gene therapy 1173
genitofemoral nerve 273
G-Force 1121
giant cell tumor 977
Gigli saw 911
Gilmore’s groin 258
Gilula’s lines 241
giving-way 54
glenohumeral instability 77
glenohumeral internal rotation deficit 119
glenoid rim 89
glutamate 84, 867
glycosaminoglycans 685
gracilis tendon 395, 397, 409
graft choice 1187
graft hypertrophy 734
graft revascularization 1188
granulocyte macrophage colony stimulating factor  

(GMCSF) 444
Grashey Projection 144
Grashey view 98

Grasshopper patella 599
groin pain 958

adductor tendons 252
bone and joint problems 275
differential diagnosis 250, 256
iliopsoas pathology 252
incidence 249, 255
nerve entrapment 253
urologic conditions 264

ground force 360 device 364
ground reaction force 40, 44, 49
growth factors 902, 1171

acidic fibroblastic growth factor (AFGF) 903
basic fibroblastic growth factor (BFGF) 903
connective tissue growth factor (CTGF) 444, 889
epidermal growth factor (EGF) 444, 903
fibroblast growth factor 444, 889
hepatocyte growth factor (HGF) 903
insulin like growth factor-1 (IGF-1) 444, 113, 889, 903
keratinocyte growth factor (KGF) 444
nerve growth factor 890
platelet derived growth factor (PDGF) 444, 888, 903
platelet rich growth factor (PRGF) 746, 747, 903
platelet-derived epidermal growth factor (PDEGF) 444
transforming growth factor alpha (TGF- ) 444
transforming growth factor beta (TGF-B) 83, 867, 889, 903
vascular endothelial growth factor (VEGF) 83, 888, 903

growth plate injury 1028

H
Haglund disease 615
Haglund surgery 884
Hahn-Steinthal 232
hamstring strain 872, 873
hamstring/quadriceps co-activation ratio 44
Hannover ankle scoring system 660
Hawkins test 120
HCV 422
head injury 1117
healing process 1171
healing response 1193
heat and sweating 1123
heat shock proteins (HSPs) 1195
heat stroke 1111
heel rise mortise view 676
hematoma 878, 975
Henoch-Schönlein purpura 268
heparan sulfate 889
Hepple classification 653, 666
herniography 258
Hesselbach’s triangle 257
heterotopic ossification 232
HIV 422
high tibial osteotomy 948
Hill-Sachs lesion 137
hindfoot endoscopy 673
hip arthroscopy 959
hip dislocation 959
hip instability 959
hip labral tears 277
hiperalgesia 942
hockey groin syndrome 259
Homan sign 1068
horn-blower sign 98, 101
hourglass biceps 196
Howship-Romberg sign 272
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human embryonic stem cell 1181
humeral head hypertrophy 1056
humeral-olecranon conflict 213
Humphrey’s ligament 286, 313
hyaline cartilage 1177
hyaline degeneration 82
Hyalograft C 723, 734, 765
hyaluronan 723, 732
hyaluronic acid 685, 695
hyperextension test 1008
hypermobile patella 600
hypermobile shoulder 159
hypertrophied os trigonum 616
hypothenar hammer syndrome 1058

I
ICRS (International Cartilage Repair Society)  

classification 702, 740, 743, 757
IKDC 2000 score 57
Insall salvati index 598
Internal Impingement 127
idiopathic scrotal edema 268
iliac artery dissection 1059
iliac artery stenosis 1058
iliohypogastricus nerve 272
ilioinguinal nerve 272
iliotibial band 960
immature spine 1007
impingement syndrome 

anterosuperior impingement 119
clinical evaluation 120
imaging modalities 121
nonoperative treatment 122
posterosuperior impingement 119
surgical treatment 124

implant breakage 968
in vivo biological treatment 694
inferior glenohumeral ligament 119, 134
inferior glenohumeral recess 89, 90
inferior transverse ligament (ITL) 639
inflammation 888
infraspinatus muscle 96
inguinal canal 256
injury countermeasures 1090
injury surveillance 1073
inpatient rehabilitation 1127
inside-out technique 90
intercondylar notch 36
interference screw 458, 467
interleukin-1 beta (IL-1ß 83
interleukin-8 (IL-8) 444
international normalized ratio 1069
interosseous ligament (IOL) 639
intertubercular groove 75
intervertebral disc herniation 1014
intramuscular calcification 879, 880
intrascrotal pathology 263
Iselin’s disease 797, 815, 816
isokinetic exercise 30, 1136, 1159
isometric exercises 1135, 1158
isotonic exercises 1136

J
Jobe’s test 130
joint cartilage 693
joint laxity syndrome 615

joint position sense 30, 68, 69
Jones fracture 783, 795, 797f, 804, 815, 818

treatment 835
types 816

J-sign 592

K
Kager’s triangle 911
Kane’s dynamics 22
Kehr sign 1046
keratan sulfate 685
Kesler repair 911
kidney injury 1045
Kienbock’s disease 796, 825, 826
Kim test 171
Kim’s lesion 170
kinematics of throwing 118
kinetic chain exercise 30, 1137, 1158
kinetic energy recovery systems (KERS) 1114
Kirschner wire 90
knee abduction moment 36, 38
knee adduction moment 350
knee extension moment 350
knee injury and osteoarthritis score (KOOS) 744, 747
knee prosthesis 932
Kocher’s method 145
KOS-ADLS score 56, 57
KT-1000 39, 412, 427, 464, 540, 947

L
Lachman test 369, 374, 401, 464
Langrangian equation 21
late term rehabilitation 1131
lateral hyperpression syndrome 1020
lateral unicompartmental knee replacement 945
Laterjet procedure 138
leg length discrepancy 789, 805
leg rolling test 958
Leiden ankle rules 622
lift-off test 105
ligament of Rouvière 679
ligamentization 463, 1188
ligamentum teres rupture 280
little league shoulder 991
load-and-shift test 120
local anesthetics 984
long spine board 1115
loop endoscope 7
lotus position 949
low back pain 1008
low intensity pulsed ultrasound (LIPU) 781, 818
low molecular weight heparin 983, 1069
Lowenstein position 276
lubricin (superficial zone protein) 686
lumbar disc degeneration 1052
lumbar injury 1013, 1052
lyophilization 435
Lysholm knee scale / score 54, 58, 373, 428
Lysholm–Gillquist questionnaire 381

M
Madelung disease 1005
magnetic resonance arthrography 100
magnetic resonance imaging 1219
Maisonneuve fractures 643
malleolar osteotomy 654
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manual inline stabilization (MILS) 1114
manual therapy 1133
March foot 770
March fracture 853, 854
Mason Allen suture 110
Mason’s classification 228
massage therapy 1133
Matrix Associated Chondrocyte Implantation  

(MACI®) 723, 765
matrix metalloproteases 83, 113, 866, 867
maximal oxygen consumption 1122
maximal voluntary contraction 28
Maxon suture 912, 913
McConnell patellar-taping program 1164
Meary’s view 615
mechanoreseptors 29
medial collateral ligament injury 370, 543, 556
medial ligament plasty 544
medial patellofemoral ligament

anatomy 587, 605
classification 588
complications 594
injury 587, 1021
lateral release 591
medial repair 591
nonoperative treatment 590
operative treatment 590
osteochondral fracture 591
radiology 587
recontruction 591, 601, 605–608

medial tibial stress syndrome 1221
medical coverage 1043
meniscal cysts

marsupialization 299
treatment 299

meniscal loss 341
meniscectomy 321
meniscus 285

allografts 321, 322
biomechanical studies 302
extrusion 326
function 301, 314
implant 329, 330, 331
preservation 322
rehabilitation 332
repair 301
scaffold 330, 331
substitute 329
suture 331, 332
tissue ingrowth 329, 333
transplantation 321, 322

meniscus allograft
anatomy 313
combined with ACL reconstruction 316
complications 317
contraindications 321
indications 321
lateral meniscal transplantation 316
medial meniscal transplantation 315
mesenchymal stem cells 318
outcomes and future directions 317
rehabilitation 316
results 322
second look arthroscopy 326
sizing and matching 314
surgical technique 314

meniscus lesions, children 1023, 1024
menstrual cycle 36
mesenchymal stem cells 735, 744, 745, 751, 759, 760,  

1177, 1210
metalloproteinase tissue inhibitor 695
meticulous hemostasis 976
microfracture 476, 655, 667, 731
middle glenohumeral ligament 75, 76, 134
milk test 219
miniature videocamera 1203
modified Bunnell technique 919
modified Cotton test 642
modified Marshall repair 1036
Molly test 636
monopolar capacitive coupled radiofrequency (mcRF) 1195
Morrey classification 229
mosaicplasty (Autologous osteochondral grafting) 667,  

701, 731
motion analysis 20
motor car racing 1121
motorsport injuries 1113
movement pattern 19
mucoid degeneration 297, 866
muscle atrophy 70
muscle conditioning 1135
muscle contusion 995
muscle injury 1172

complete rupture 879
DOMS 881
hamstring 872
partial rupture 879
prevention 881
quadriceps 872
repair 888
spasm 878
strain 878

muscle spasm 878
muscle strain 872
muscle strengthening exercises 1134
muscular ossification 880
muscular strength 1121
musculocutaneous nevre 90
musculoskeletal injuries 1084
muskuloskeletal tumors 973
myelin fibres 941
myogenic precursor cells (MPCs) 1197
myostatin 889
myxoid degeneration 82

N
n-acetyl cysteine (NAC) 688
naturally derived extracellular-matrix scaffolds 1189
Neer test 120
Neo-PT tissue 1211
nerve entrapment syndromes 259
neuraxial block 982
neurolysis 1197
neuromuscular control 364
neuromuscular control 29
neuromuscular electrical stimulation 1129
Neviaser portal 91
Newton-Euler procedure 22
NF-kappaB kinase 2 (IKKA 2) 889
nitric oxide 869, 888
nociception 941
nociceptive C-fiber 867
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nociceptors 28, 1194
non-ossifying fibroma 778

chondrogenesis 746, 747
cultured 745
high concentration 745
implantation 746
porcine-derived 756
proliferation 746
release of 747
synovium-derived 752, 758, 759

non-weight-bearing exercises 1160
Nordic hamstring exercise 64, 65
Novocart 3D® 724
nutrition 1106
nutritional requirements 1104

O
O’Brien test 120
obturator nerve 271
olecranization 530
one finger test 947
open chain exercises 1137, 1158
open knee chain exercises 363
open thrombectomy 1057
OpenSim software 23
optimal physique 1104
orchitis 267
orthotics 29
os acromiale 98
os trigonum 615, 674
osteitis pubis 251
osteitis pubis 958
osteoarthritis 58, 948, 955
osteochondral autograft transfer (OAT) 655
osteochondral autologous transplantation 731
osteochondral defect 665, 745, 746, 747
osteochondral fracture 665, 1223
osteochondral lesion 991
osteochondritis dissecans (OCD) 650, 665, 741, 742, 743, 825, 831
osteoid osteoma 977, 978
osteomyelitis 276
osteoporosis 927
osteosarcoma 973, 977
osteosynthesis 849
osteotomy of fibula 706
Ottawa ankle rules 622
Outerbridge classification 740, 946
outside-in technique 90, 91
overuse injury 996, 1009, 1014

P
Paget-Schroetter syndrome 1057, 1065, 1066
painless clunk 169
paratendinitis 614
paratenon 919
paratenonitis 614
pars defect, spine 1009, 1010
patella alta 597
patella baja 597
patella below 597
patella infera 598
patella supera 598
patellafemoral joint reaction force 587
patellar apprehention test 567, 599
patellar dislocation 1017
patellar dislocation 585

patellar glide test 567
patellar grinding test 599
patellar lateral relaxation 600
patellar maltracking 1018
patellar medial facet fractures 601
patellar retinakulum 1021
patellar subluxation 598
patellar taping 1163
patellar tilt test 567
patellar tracking 566, 1164
patellofemoral bracing 1166
patellofemoral instability 

athroscopic treatment 597–602
classification 1018
contractile restrains 580
disability 580
noncontractile restrains 580
surgical methods 1020
terapeutic exercise 581
tping 581
treatment 1019

patellofemoral malalignment 1018
patellofemoral pain syndrome (PFPS) 1020, 1157, 1163

gait abnormalities 574
hip musculature 573
ischemia 575
joint reaction force 587
muscle disfunction 573
muscle imbalance 573
proprioception 68, 69
proprioceptive factors 574
psychological factor 575
quadriceps atrophy 573
quadriceps weakness 573
treatment 568

Paxinos test 180
Peel-Back Sign 128
Pellegrini Stieda syndrome 897
pelvic injury 1045
per protocol analyses 1235
perception time of vibration 69
periosteal hypertrophy 722
peripheral nerve block 983
peritendinitis 614
permeability transition pore (PTP) 688
peroneal nerve injury 530, 547
peroneal nerve 452
peroneal tendons 616
peroneus longus tendon 422
peroxiredoxin 5 (PRDX5) 83
perturbation training 1150
perturbation 30, 58
pes anserinus 543
pes plasty 545
Peterson type physeal fracture 1001
physeal bar excision 1005
physeal cartilage 990
physeal closure 1000
physeal injury

classification 1000
fracture 1002
iatrogenic 1005
incidence 999
physeal arrest 1005
specific 1002
subtype 1001
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physiological adaptations of muscle 1135
Piton anchor system 106
pivot shift phenomenon 402
pivot shift test 369, 374, 465, 1026
plantar fasciitis 1223
platelet derived angiogenesis factor (PDAF) 444
platelet derived therapies 557
platelet gel 764
platelet rich plasma (PRP) 107, 735, 746, 747, 887, 903, 

1172, 1212
Plateltex 736
pluripotency 752
plyometric exercises 30, 1140, 1147
poly lactic-co-glycolide acid (PLG) 668, 1213
polyglactin/poly-p-dioxanon 724
polylactide acid (PLA) 668
Popeye sign 195
popliteal artery entrapment syndrome 1059
popliteal artery injury 529
popliteus muscle 891
posterior ankle impingement 674
posterior cruciate ligament injury

allograft 525–528
anatomy 505
biomechanics 505
combined injury 495, 496
conservative management 508
dashboard injury 495
diagnostic imaging 508
dial test 497, 498
double bundle reconstruction 500, 510, 518, 532
evaluation 496, 506, 517
femoral tunnel preparetion 500, 519, 532
football players 496
graft choice 521, 522
graft fixation 522, 533
incidence 495
instability 496
isolated injury 495, 496
killer turn 510, 520, 531
mechanism 495, 506
natural history 509
non-operative rehabilitation 508
notchplasty 520
operative indications 509
peel-off type injuries 531
physical examination 496
posterior drawer test 496
posterior sag sign 497
postoperative rehabilitation 512, 534
quadriceps active test 497
radiography 498
reverse pivot shift 498
single bundle reconstruction 500, 510, 518, 532
surgical techniques 509, 518
tibial inlay technique 498
tibial tunnel preparetion 520, 532
timing of surgery 518
transtibial technique 510
Whipple test 497, 498

posterior oblique ligament injury 543
posterior talofibular ligament 627
posteriorinferior tibiofibular ligament 639
posterolateral corner

acute injuries 547, 556
anatomy 547

chronic injuries 549
reconstruction 547–554
treatment 548–554
vasculer injuries 547

posterolateral rotary instability 218
posteromedial corner injury 543
post-op analgesia 943
postoperative physiotherapy interventions 1128
post-thrombotic syndrome 1065
PPAR-gamma 890
Pratt’s sign 1068
preoperative education 1128
prevention of injuries 

ACL 28, 33, 38
ankle 28
muscle injuries 881

pre-participation evaluation (PPE) 996
Pridie drilling 655
priformis syndrome 959
problem-oriented medical record (POMR) 1131
proprioception 27, 28, 67, 1166

hot application 69
measurement 68
neoprene shorts 69
robotic training 69

proprioceptive exercises 1139
proprioceptive neuromuscular facilitation (PNF) 1139
proprioceptive rehabilitation 67
proprioceptive training 29, 30, 39, 41, 62, 1147
prostaglandin E2 83, 866, 928
proteoglycan aggrecan 695
proteoglycan aggregate 695
proteoglycans 695
proximal biceps tendon 193
pseudolocking 1035
Pseudomonas aeruginosa 432
psychological training 1123
pulmonary embolism 1065, 1068
pulsed electromagnetic fields (PEMF) 746, 747
Pushlock suture 111, 113
push-up sign 219

Q
Q-angle 566, 587, 599
quadriceps strain 872
quadriceps weakness 1157
quadriplegia 1050

R
Race Across America (RAAM) 1103, 1105
radial head 227
radial meniscus tear

classification 305
results 309
Tie-Grip suture 306, 310
treatment 306

radial shockwave therapy (RSWT) 895
radiofrequency (RF) 1195
radionuclide bone scan 1219
range of motion (ROM) 1129
reaction time 31
rectus abdominus trauma 1044
rectus sheath hematoma 1044
reflex inhibiton 28
reflex muscular splinting 28
reflex sympathetic dystrophy 1224
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regional pain syndrome 601
Remplissage 703
Resident’s ridge 387
retrocalcaneal bursitis 675
retropatellar pain syndrome 1110
retroperitoneal injury 1044
return to play 1145, 1150

joint replacement 969
reverse Hill-Sachs lesion 152
reverse pivot-shift test 472
reverse Putti-Platt 172
reverse-transcriptase polymerase chain reaction 83
rhabdomyolysis 1111
rhGDF-5 106
RICE protocol 889, 891
rim-rent tear 121
ring apophysis 1007
robotically controlled laparoscopes 1209
Rodineau’s classification 877
Roller-Wringer effect 128
Rosenberg film 949
rotator cuff

anatomy 95
arthropathy 98
full-thickness tear 101
partial tears 100
vascularity 83

rotator cuff disorder 81
configuration type 103
double-row repair 104
etiology 81, 82, 97
genetic influences 85
imaging 98
MRI 98
non-operative management 99
pathogenesis 97
pathology 81
single-row fixation 104
transosseous repair 110
ultrasonography 99

rotator interval 75
clinical importance 77
closure 77, 78
functional anatomy 75, 96

runner’s fracture 770, 790, 805, 840
Runner’s knee 1224

S
sacroiliac joint 1014
Salter-Harris classification 990, 1001
saphenous nerve 450
sarcolemma 877
sartorius fascia 409
satellite cells 889
scaffold 1179, 1185

natural scaffolds 722
synthetic resorbable scaffold implantation 669
synthetic scaffold implantation 668
synthetic scaffolds 722, 1189

scaphoid fractures 1223
Schmorl nodule 1007
Scranton-McDermott classification 637
screw home mechanism 952
scrotal injury 1045
Segond fracture 530, 538, 548
semi-squat exercises 1160

semitendinosus tendon 395, 397, 409
shin guard 63
shin splint 770, 781, 802, 854, 1221

prevention 800
shoulder arthroscopic portals 87

5 o’clock portal 89, 90
7 o’clock posteroinferior portal 91
accessory posterior portal 90
anterior portal 88
anterior-inferior portal 89
inferior portal 89
lateral portal 88
posterior portal 88
posteroinferior portal 90
proper portal placement 87
subclavian portal 91
superior-medial portal 91
superolateral portal 89
trans-rotator cuff portal 92
transubscapular portal 90

shotgun position 490
SICK scapula syndrome 125
SimMechanics 23
single-photon emission computed tomography  

1220
SLAP lesion 92, 118, 121, 127
sleeper stretch 123
smoot muscle actin (SMA) 82
snapping hip syndrome 960
snapping knee syndrome 285
Snyder classification 101
somatosensorial receptors 27
spear tackler’s spine 1008, 1052
spinal cord injury 1118
spine injury 1150
spinoglenoid notch 97
splenic injury 1044
spondylolysis 992, 1010, 1014, 1222
spondylolysthesis 1014
spontaneous axillosubclavian thrombosis 1057
sport hernia 253, 265
sport specific injury

alpine mountaineering 1094
archery 1081, 1084
BASE (building-antenna-span-earth)  

jumping 1099
big wall climbing 1095
bowling 1089
cricket 1087, 1088, 1089, 1090
kiteboarding 1097
kitesurfing 1097
mountain biking 1100
rock climbing 1095
skydiving 1093
snowboarding 1095
soccer 61
solo climbing 1095
surfing 1098
white-water kayaking 1097

sports conditioning 1146
sportsman hernia 258
squeeze test 640
squinting patella 598
Stanmore triangle 161
Staphylococcus aureus 432
staple 468
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statistical analysis 1230
stem cell therapy 558
Steptococcus pyogenes 433
stinger 1008
strength training 62
stress fracture 769, 791, 1220

anterior cortex 804
asymptomatic 801
cancellous bone 801
calcaneal 792
clavicle 800
diagnosis 776, 777
epidemiology 769

femoral 771
femoral neck 777
fifth metatarsus 795

femoral neck 959
foot and ankle 833
fourth metatarsal 770
high grade 801
hyoid 800
incidence 771
lateral malleol 840
low grade 801
malleolar 797
mandible 800
medial malleol 840
metacarpal bone 800
metatarsal 834
patella 792
pelvis 794
pisiform 800
rib 795
sesamoid 829
spine 1009, 1051
spinous process 798
tarsal navicular 821
tibia 771, 779, 804
tibial tuberosity 800
toe 836

stretching exercises 1138
string sign 1062
stroboscopic image extraction method 19, 20
Stryker-Notch view 172
subacromial decompression 100, 102
subacromial impingement 118
subacromial injection 100
subacromial leakage 92
subchondral bone fracture, talus 665
subclavian vein thrombosis 1066
subscapularis muscle 96
subscapularis tendon 75, 105
subscapularis transfer 155
substance P 84, 867, 942
sulcus sign 77, 120
superior glenohumeral ligament 75, 76, 119, 134
supplements 1106
suprascapular nerve 88, 91, 97
suprascapular neuropathy 101
supraspinatus muscle 96
supraspinatus tendon 75, 84, 110
sural nerve 912, 917, 921
suture laso 111, 112
syndesmosis injuries 639
synovia 922
synovial sarcoma 975

synovial tissue 694
synoviocytes 694
synovium 693
synovium-derived mesenchymal stromal  

cells 694

T
talar tilt test 623, 627
talus

allograft reconstruction 655
microfracture 667
osteochondral allografts 667
osteochondral lesions 665
retrograde drilling 659

talus bipartitus 674
talus osteochondral lesions 649, 796
taping and neuromuscular control 1166
taping 28, 1141
tarsal coalition 796, 825, 826
tarsal tunnel syndrome 675
TEC (scaffold-free tissue engineered construct) 752,  

753, 753, 754, 756,
biological characteristic 759
implantation 755, 757, 760

Tegner activity level scale 374
TELOS device 541
tendinitis 614, 866
tendinopathy

achilles 618
ankle dorsiflexors 1110
flexor hallucis longus 675
foot and ankle 614
insertional 616
pathogenesis 868
peroneus brevis 617

tendinosis 614, 866, 1196
tendoscopy 673
tennis leg 883
tenocyte 917
tenosynovitis 614
tensor fascia latae 422
Terry Thomas sign 242
testicular appendage 267
testicular torsion 266
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