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 I am particularly happy to be a part of this major project as Chairman of the Italian Society of 
Arthroscopy (SIA), as an orthopedic surgeon, and as a personal friend of Professor Piero Volpi. 

 As Chairman of the SIA, I am especially honored since this is the fi rst time that our mem-
bers have been called upon to contribute to a project of such high scientifi c value, a task that 
they all approached with great dedication and enthusiasm. 

 As an orthopedic surgeon I am grateful because this undertaking has allowed me to add 
another important experience to my professional career, which has been enriched through the 
opportunity of working together with leading Italian and European colleagues. 

 Finally, I am happy to participate in this project as a friend of Piero Volpi, with whom I 
share not only a deep commitment to work, mutual respect and friendship but also a strong 
passion for football, which, like our work, is a source of energy and motivation. 

 Gianezio Paribelli 
 President SIA, 

Italian Society of Arthroscopy, 
 Ravenna, Italy  

   Foreword I   
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 This is the fi rst time that I have been called upon to write the foreword to a book, and the 
 invitation probably means that I am getting old! However, as President of ESSKA this is one 
of my duties, and in this particular case it is also a great pleasure. 

 I feel that I have known Piero Volpi forever, and over the past 15 years I have shared my 
professional life with him. Throughout this time we have worked very closely together on the 
basis of a friendly and loyal relationship. 

 Piero Volpi was a professional footballer in his youth, and football has never ceased to be at 
the center of his life. After his retirement as a player, he went on to put his medical training to 
use as an orthopedic surgeon. As one of the pioneers of Italian arthroscopy and a sports trauma 
specialist, he has been able to combine his two great passions: Sport and Orthopedics. 

 Piero Volpi has devoted much time and effort to practical scientifi c research with the aim of 
enhancing clinical outcomes and thereby benefi ting the patients and athletes for whose care he 
is responsible. 

 I believe that this book perfectly mirrors this marriage of experience and research and is a 
worthy testament to Piero Volpi’s inexhaustible desire to gain knowledge and expand his 
 scientifi c experience. 

 This work will be very useful for both trainees and experienced practitioners in the fi eld of 
orthopedic sports traumatology and will be invaluable for all who would like to practice 
arthroscopic surgery. 

 Matteo Denti 
 President ESSKA, 

European Society of Sports Traumatology, Knee Surgery and Arthroscopy, 
 Milan, Italy  

   Foreword II   
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 Sport has long been a necessity for a large part of the population. During recent years, tradi-
tionally popular activities have been  supplemented by the emergence of various new types of 
sport that have broadened the choice available to participants. Furthermore, the creation of new 
or the restructuring of existing facilities, gymnasiums, and natural places (jogging trails, ski 
resorts, golf courses, etc.) is progressively increasing the chances for everyone to become regu-
larly involved in their favorite sport. This increase in opportunities for physical exercise and 
access to sports has in turn given rise to the need for many more researchers and specialists 
who have expertise in the classifi cation, etiology, diagnosis and treatment of the diverse trau-
matic diseases that may arise during sporting activities. Greater attention has been devoted to 
the study of athletic skills, the development of better training methods, a sound understanding 
of biomechanics, and knowledge of the rules and materials applicable in each sport. In the 
medical literature, studies have focused on the epidemiology of trauma, on various aspects of 
injury prevention, and on the diagnostic, evaluative, therapeutic and rehabilitative options rel-
evant to specifi c sports populations. The extensive background research in sports traumatology 
that has been conducted with the professional athlete in mind has also resulted in practical 
applications for the world of amateur sports and the general patient population. In an era in 
which sports  performance, especially for high- level athletes, is reaching previously unimagi-
nable limits, it is obvious that joints and musculotendinous structures may be subjected to 
repetitive stress and increasingly damaging insults. A higher incidence of trauma in profes-
sional sports is also being fostered by the longevity of sports careers, the intensity of workouts, 
the frequency of matches and competitive events, and the inadequate recovery periods, often 
dictated by  economic interests. 

 In this context, over the past 20 years, as numerous arthroscopic techniques have emerged 
and become established, surgeons have made strenuous efforts to improve the reparative and 
reconstructive surgical techniques for the most frequent injuries, especially trauma to the 
meniscus and ligaments and osteocartilaginous lesions. Advancements in surgery and, in 
equal measure, a better understanding of anatomy and biomechanics have highlighted the 
importance of aspects such as the optimal choice of surgical technique and usage of surgical 
materials. The increasing use of biotechnology and biomaterials is also impacting signifi cantly 
on the fi eld. The pressing needs of the elite athlete, the type of sport, the time point during the 
season at which the injury occurs, the phase of the athlete’s career and the athlete’s age are 
among the parameters that determine the options open to the sport traumatologist. 

 All of the above aspects are addressed in this book, which describes the current applications 
of arthroscopy across a very wide range of sports injuries, explaining the mechanisms of injury 
for each condition and describing the role of arthroscopy in diagnosis and treatment. 

 Piero Volpi 
 Humanitas Research-IRCCS 

 Milan, Italy  

  Prefa ce I   
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  Preface  II      

 Arthroscopic surgery has been a fundamental part of the treatment of certain sports-related 
disorders for a number of years. Against this background, I wish to thank Dr. Piero Volpi for 
accepting the responsibility for developing a text, aimed at young orthopedists and others, in 
which arthroscopy and sports traumatology are perfectly intertwined. 

 Within Italy, the specialty of sports traumatology that we know today originated during the 
1960s, when, under the patronage of the FMSI (Italian Federation of Sport Medicine), the fi rst 
Italian Congresses of Sports Traumatology were organized by Profs. La Cava and Venerando. 
The major breakthrough, however, occurred in 1967 during the conference organized by the 
Orthopedic Institute G. Pini, University of Milan: it was then that the fi rst Centre of Sports 
Traumatology was created at the university, under the direction of Prof. Albino Lanzetta. As a 
result of this initiative, other universities introduced courses on sports traumatology and started 
to undertake studies and produce scientifi c papers on the subject. After an enlightened pub-
lisher recognized the value of such work, the bilingual publication  Italian Journal of Sports 
Traumatology  was founded, with Prof. Mario Boni and Prof. Lamberto Perugia as editors. 

 Simultaneously, the Italian Society of Sports Traumatology (SI.Tra.S) was formed. Many 
distinguished orthopedists have served as the chairman of this society, including Prof. D. 
Tagliabue, Prof. P.G. Marchetti, Prof. A. Lanzetta, Prof. G. Cerulli and Prof. C. Velluti. Each 
year, the Congress has focused on a single theme (rugby, basketball, artistic gymnastics, vol-
leyball, winter sports and, most recently, golf). In 2004, SI.Tra.S merged with the newly estab-
lished Italian Society of Arthroscopy Knee Cartilage and Sport (SIGASCOT). 

 The early Italian experiences of arthroscopy were all attributable to a group of young sur-
geons who, in the early 1980s, offered this technique despite the various diffi culties and the 
reticence that they encountered from academic circles. This group founded the Italian 
Arthroscopy Group (GIA), which later became the Italian Arthroscopy Society (SIA). Over the 
years, the leaders of this group became colleagues. They included Drs. Aglietti, Mariani, 
Pellacci, Benazzi, Bianchi, Branca, Frizziero, Gandolfi , Coari, Zini, Pederzini, Viola, Priano, 
Minola and others, who slowly but persistently persuaded the orthopedic world of the value of 
the arthroscopic technique. Towards the mid-1990s, S.I.Tra.S and SIA began to collaborate 
closely, and the publication of S.I.Tra.S became the offi cial journal of the SIA. This close col-
laboration has led many lovers of sports traumatology to obtain more experience of the 
arthroscopic technique and, conversely, many arthroscopists to deepen their knowledge of 
sports traumatology. The consequence has been great benefi ts for the treatment of many patho-
logical conditions related to sports. These benefi ts have not only been aesthetic; for example, 
the recovery times from sports injuries have also been reduced. I believe that this fruitful col-
laboration has stimulated my friend Dr. Piero Volpi, editor of this volume, to present the dif-
ferent conditions related to sports injuries in which the technique of arthroscopy plays a 
signifi cant role in treatment and outcome. I wish all readers, in particular young colleagues 
who are encountering sports traumatology more and more frequently, an enriching reading 
experience, remembering that we never stop learning and that the challenges never cease.  

 Alberto Branca 
 Past President, SIA, Italian Society of Arthroscopy,   Bologna ,  Italy 
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1.1             Introduction 

 During the 41st Congress of the German Society of Surgeons 
in 1912, Severin Nordentoft, an unknown Danish surgeon, 
presented his self-built “trocar-endoscope” and described 
how to use it for cystoscopy, laparoscopy, and endoscopy of 
the knee joint. In his report, he used the term “arthroscopy” 
for the fi rst time in a medical meeting. Despite this, his tech-
nology received little attention, as most physicians at that 
time were more interested in the pervasive problems of frac-
ture, sepsis, and tuberculosis [ 1 ,  2 ]. Now, more than 100 
years after Dr. Nordentoft’s presentation, arthroscopic sur-
gery has become the gold standard for treatment of many 
joint diseases, especially those involving the knee and 
shoulder. Arthroscopy continues to evolve, with ongoing 
research seeking to improve arthroscopic techniques and to 
expand the technology to procedures that are presently done 
via open approach. These efforts will be bolstered by 
advances in computing technology and biologics, offering 
the prospect of minimally invasive anatomical reconstruc-
tion with subsequent recapitulation of native tissue structure 
and function [ 3 ,  4 ].  

1.2     Noninvasive Devices for Improved 
Diagnosis and Prognosis 

 A correct diagnosis is key for successful treatment in any 
medical fi eld. In this regard advances in technology, espe-
cially in imaging, aid in the diagnostic process. However, the 
physical examination remains the most cost-effective and 

accurate diagnostic tool for the vast majority of injuries. In 
the near future, it may be possible to enhance the diagnostic 
power of the physical exam by quantifying exam parameters 
through the implementation of emerging technologies. For 
instance, several devices are being developed to quantify the 
pivot-shift test (PST) of the knee joint. The PST detects rota-
tory knee laxity, the magnitude of which correlates with 
anterior cruciate ligament (ACL) insuffi ciency [ 5 ]. 
Additionally, a positive PST following ACL reconstruction 
correlates with poor subjective and objective outcomes, even 
when the graft remains intact [ 5 ,  6 ]. However, subjective 
grading and variability in technique among examiners pre-
vents valid comparison across studies. In an attempt to 
objectify the PST, some authors have employed invasive 
devices such as navigation systems and electromagnetic 
devices [ 6 ,  7 ]. Despite reliable parameters obtained with 
these methods, there are several limitations, including cost, 
complexity, and the need to be used in the operating room 
[ 8 ]. To address these issues, noninvasive devices are being 
developed. As an example, the triaxial accelerometer [ 9 ] is a 
novel device where the accelerometer is attached to the lat-
eral aspect of the tibia and is wirelessly connected to a laptop 
computer. The accelerometer records the triaxial accelera-
tion during the PST [ 9 ,  10 ]. Another promising device is the 
PIVOT® software [ 5 ]. It can be downloaded to a regular 
 tablet computing device, and it is able to quantify the ante-
rior tibial translation of the lateral tibial compartment during 
the PST by tracking stickers placed on predetermined bony 
landmarks: the femoral lateral epicondyle, fi bula head, and 
Gerdy’s tubercle (Fig.  1.1 ).  

 It is anticipated that these emerging technologies will 
allow objective quantifi cation of previously subjective clin-
ical grades, reducing interobserver discrepancies and 
improving diagnostic accuracy. Nevertheless, additional 
tools are needed to provide diagnostic and prognostic infor-
mation, especially in the absence of overt signs and symp-
toms, a scenario often encountered in chronic degeneration 
of musculoskeletal tissues. To that end, advanced imaging 
techniques offer the possibility of early identifi cation of 
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 tissue damage before it is appreciable with conventional 
imaging modalities (i.e., plain fi lms, MRI, CT) or 
arthroscopic inspection. For instance, quantitative MRI 
UTE-T2* mapping revealed deep cartilage tissue changes 
following ACL injury and reconstruction [ 11 ]. Likewise, 
the identifi cation of biological markers (biomarkers) indic-
ative of acute or chronic musculoskeletal pathology is an 
area of extensive investigation [ 12 ,  13 ]. Both approaches 
offer the prospect of earlier diagnosis, the enhanced prog-
nostic power, and the ability to monitor the effi cacy of ther-
apeutic interventions. However, it should be recognized 
that much of this research is still in development. Validation 
in preclinical and clinical studies must be achieved prior to 
widespread adoption in the general patient population. Cost 
is also an important aspect to these modalities and must be 
considered.  

1.3     Injury Prevention 

 Diagnostic tools that provide earlier and more accurate 
characterization of sports injuries offer the opportunity 
for the introduction of therapies that stave off further tis-
sue damage or promote healing. But even the earliest 
interventions following injury are costlier and likely to 
yield less satisfactory results than prevention of the injury 
in the fi rst place. There is an increasing appreciation for 
the role that fatigue and impaired movement patterns play 
in injury. In particular, neuromuscular fatigue can alter 
joint biomechanics and diminish postural control, as 
shown following exercise of the lower and upper extremi-
ties [ 14 ,  15 ]. As a result, monitoring of fatigue during 
competition is essential to reduce injury risk, as are train-
ing programs designed to improve  neuromuscular control 

and improve muscular endurance. As an example, a mul-
titude of neuromuscular and educational  programs have 
been shown to reduce the mean incidence of ACL rupture 
by 50 %, but the estimated effect differs largely between 
studies [ 16 ]. In particular, neuromuscular training pro-
grams may be most effective in reducing injury in at-risk 
populations (e.g., female basketball and soccer athletes), 
as the effi cacy of prevention programs in male athletes 
was shown to be limited and equivocal [ 17 ]. An improved 
understanding of the mechanisms of sports injuries and 
confi rmation of the effi cacy of strategies aimed at mini-
mizing their occurrence will be essential in promoting 
safe participation in sport, extending from the recreational 
athlete to the elite sportsmen.  

1.4     Individualized Treatment 

 When injury does occur, and conservative treatments are 
unable to restore adequate musculoskeletal function, surgical 
intervention may be indicated. Despite great progress in 
arthroscopic surgery in the past few decades, allowing faster 
recovery and improved outcomes, no surgical approach is 
universally successful. One possible factor contributing to 
surgical failures may be the standardization of surgical tech-
niques that ignore anatomic variation between individuals. It 
is now accepted that surgical reconstruction that restores 
native anatomy yields better outcomes than nonanatomic 
approaches [ 5 ]. As an example, ACL reconstruction has 
evolved from positioning bone tunnels by a clock face tech-
nique to direct visualization (or even computer-assisted 
localization) of the insertion sites. These improvements in 
surgical techniques were predicated upon improved under-
standing of joint anatomy. 

ba

  Fig. 1.1    ( a ) A surgeon performs the PST while an assistant holds the 
tablet. The PIVOT® software tracks the stickers placed on the bony 
landmarks. ( b ) The software analyzes the magnitude of the reduction 

phase of the PST. The chart shows anterior tibial translation in the lat-
eral compartment of 4.7 mm       
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 Likewise, the introduction of double-bundle reconstruc-
tion led to more accurate restoration of native ACL anat-
omy. Nevertheless, there was room for improvement; further 
individualization of treatment was necessary. In particular, 
Ferretti et al. [ 18 ] found that the ACL tibial footprint length 
ranged from 13.7 to 22.1 mm, demonstrating the variability 
in anatomy among patients. As a result, measurements of 
the ACL insertion sites and bony structures of the knee joint 
are crucial for a successful individualized ACL reconstruc-
tion. That is, double-bundle reconstruction may not always 
be indicated. Tibial insertion site length of <14 mm is more 
suitable for a single-bundle technique, while insertion sites 
>18 mm may be better served with a double-bundle 

 reconstruction given that two tunnels would cover a larger 
percentage of the native ACL insertion site [ 19 ]. The inter-
condylar notch is another anatomical reference that can be 
used when deciding between single- and double-bundle 
reconstruction. A notch width of <12 mm may be too small 
for placement of two tunnels. Similarly, a shallow notch 
(<12 mm) may lead to impingement of the graft [ 5 ]. See 
Fig.  1.2  for an example of intraoperative measurements 
used in individualized ACL reconstruction as it is performed 
at the University of Pittsburgh.  

 It is important to understand that individualized 
 anatomical ACL reconstruction is a concept rather than a 
technique. It can be described as four basic principles: (1) to 

a b

c d

  Fig. 1.2    Arthroscopic measurements of the tibial insertion site ( a ) length and ( b ) width; femoral insertion site ( c ) length and ( d ) height 
(From Hofbauer et al. [ 19 ] with permission)       
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restore the functional bundles of the ACL, (2) to restore the 
anatomical footprints, (3) to tension each bundle according 
to native tensioning pattern, and (4) to customize the surgery 
for each individual patient. Customizing the surgery com-
prises more than the decision to utilize either single- or dou-
ble-bundle technique. Additional characteristics including 
graft choice, patients’ preferences, lifestyle, and activity 
level must be taken into account when planning for individu-
alized anatomical ACL reconstruction. Beyond this, the 
 surgeon must take into account if there is a partial or com-
plete ACL tear and the utility of pre- and postoperative reha-
bilitation for each individual patient [ 19 ].  

1.5     Computer-Assisted Navigation 

 Computer-assisted surgery (CAS) was developed with the 
intention to facilitate more accurate and precise results while 
reducing the learning curve in knee arthroplasty, trauma, and 
spine surgery. Efforts are now being made to incorporate 
computer-assisted solutions to arthroscopic surgery [ 20 ]. 
CAS in ACL reconstruction has now reached more than 20 
years of research [ 21 ]. The main goal of navigated proce-
dures has been to improve the graft tunnel positioning [ 22 ], 
as it has been shown that incorrect tunnel position is the 
main reason for graft failure and persistent joint instability 
after ACL reconstruction [ 23 ]. Several reports have shown 
some improvement in the accuracy of tunnel placement with 
 computer assistance during ACL reconstruction (Fig.  1.3 ) 
[ 20 ,  25 ,  26 ]. Furthermore, CAS may facilitate learning 
for junior surgeons and help experienced surgeons in 

 complicated cases [ 27 ]. It also has been a valuable tool in 
research due to its precision in intraoperative evaluation of 
joint  anatomy and laxity. For these reasons, it is probable that 
CAS will play an increasing role in all surgical fi elds, 
 including arthroscopy for sports injuries.   

1.6     Biologics in Sports Medicine 

 Now in the third decade after the seminal publication of 
Langer and Vacanti [ 28 ] describing tissue engineering – the 
application of cells, scaffolds, and bioactive agents to replace 
or repair damaged tissue – there is rapidly expanding interest 
in using biologics to enhance healing of sports injuries [ 29 ]. 
While ex vivo engineering of whole organs derived from an 
autologous cell source may provide a novel, and desperately 
needed, alternative for organ transplantation, successful 
application of tissue engineering in sports medicine will 
likely require recapitulation of native tissue structure and 
function in focal defects (e.g., osteochondral lesions) or gap 
defects (e.g., nonunion fractures or tendon ruptures). Several 
technologies have shown promise clinically, including autol-
ogous chondrocyte implantation (ACI) [ 30 ] for focal carti-
lage lesions and the administration of bone morphogenetic 
protein-2 (BMP-2) for nonunion fractures and spinal fusion 
[ 31 ]. However, these early-generation biologics are not with-
out limitations. In particular, fi rst-generation ACI, which uti-
lized periosteal membranes in conjunction with ex vivo 
expanded autologous chondrocytes, was associated with 
hypertrophy [ 32 ]. Additionally, the preponderance of fi bro-
cartilage formed in the repair site, the expense of cell expan-
sion in accordance with good manufacturing practice (GMP), 
and the uncertain clinical superiority over microfracture 
have prevented broad adoption of this biological approach. 
Likewise, the broader implementation of BMP-2 to improve 
bone healing has been slowed by questions of cost- 
effectiveness [ 31 ] and potential complications coupled with 
fi nancial confl icts of interest that mired early reports on its 
effi cacy [ 33 ]. While newer generations of these products 
may obviate several of these potential limitations, economics 
will continue to infl uence clinical care, necessitating the use 
of biologics in a one-step procedure. The biologics will 
likely be procured from the patient’s own tissues, available 
as off-the-shelf, time-effi cient products, or some combina-
tion thereof [ 34 ] (Fig.  1.4 ).  

 Equally important to the success of biologics in promot-
ing healing is the growing understanding of the role of mus-
culoskeletal loading in tissue remodeling. Recent studies on 
postoperative rehabilitation of musculoskeletal tissues, such 
as the rotator cuff [ 36 ,  37 ] and fl exor [ 38 ] and Achilles ten-
dons [ 39 ], point to the need for controlled mobilization [ 40 ]. 
However, the relationship between physical therapy and bio-
logics remains largely unknown [ 41 ]. Interestingly, several 

  Fig. 1.3    Photograph showing arthroscopy of the left knee with com-
puter assistance. K-wires ( arrow 1 ) with rigid bodies ( arrow 2 ) and 
refl ective markers ( arrow 3 ) are placed at the distal femur and proximal 
tibia to provide a connection to the OrthoPilot® navigation system 
(From Hofbauer et al. [ 24 ] with permission)       
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preclinical models suggest a synergistic effect between 
 biologics and mechanical loading. Hodde et al. [ 42 ] 
 demonstrated that early motion of an Achilles defect aug-
mented with a small intestine submucosa scaffold produced 
superior tissue remodeling when compared against immobi-
lized joints. Likewise, Virchenko and Aspenberg [ 43 ] found 
that platelet-rich plasma interacted synergistically with 
mechanical loading to improve structural properties of a 

healing Achilles tendon in a rat model, but this effect was 
most pronounced when loading began after the infl ammatory 
phase of healing (~5 days). In a similar study, Ambrosio 
et al. [ 44 ] showed that the engraftment of mesenchymal stem 
cells in damaged muscle tissue was enhanced by functional 
muscle stimulation. Clearly, future investigations to eluci-
date the complex mechanical and biochemical microenviron-
ment of healing musculoskeletal tissues, coupled with a 

a b

c d

  Fig. 1.4    Single-stage cartilage restoration technique utilizing particu-
lated juvenile articular cartilage pieces placed in the chondral defect of 
the patella. The patella chondral defect ( a ) is prepared for allograft 
placement ( b ). Juvenile articular cartilage pieces are localized to the 

defect by fi brin glue ( c ). Additional fi brin glue seals the allograft in the 
defect ( d ). Similar single-step biological approaches are being explored 
in an effort to improve articular cartilage regeneration (Reproduced 
with permission from Tompkins et al. [ 35 ])       
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growing understanding of the mechanisms by which 
 biologics exert favorable effects, will be essential to fulfi ll 
the promise of biologics in sports medicine.  

    Conclusion 

 Emerging technologies and continual refi nement of surgi-
cal techniques will further expand the utility of arthros-
copy in treating sports injuries. While a growing 
understanding of joint biomechanics and neuromuscular 
control may help prevent injury, enhancements in diag-
nostics and anatomical reconstruction are likely to 
improve outcomes when damage does occur. Biologics 
also offer the possibility of restoring native structure and 
function as closely as possible to musculoskeletal tissues 
that possess a poor innate healing capacity. In all, these 
emerging technologies hold tremendous promise for the 
future of arthroscopy and sports medicine. However, 
meticulous research and prudent implementation of these 
devices is arguably necessary to assure the maximum 
benefi t to the patients we serve, whether it is an elite 
sports athlete or a recreational player.     
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2.1           Introduction 

 With more than 11,000 athletes from 204 countries, the XXX 
London 2012 Olympic Games were the largest sports event 
ever. The Olympic Winter Games are traditionally smaller, 
but more than 3,000 athletes participated in the XXI Winter 
Olympic Games held in Vancouver in 2010. The Games are 
spectacular media events, not just for the audience but prob-
ably even more for the participating countries and the ath-
letes themselves. Protection of an athlete’s health is an 
important task for the International Olympic Committee 
(IOC) [ 1 ]. Systematic injury and illness surveillance moni-
tors trends over long periods of time, and the identifi cation of 
high-risk sports, including their most common and severe 
injuries and illnesses, provides valuable knowledge to reduce 
the risk of occurrence [ 2 – 4 ]. Following the four-stage model 
of van Mechelen et al. [ 5 ], analysing the extent of a problem, 

such as high injury and/or illness risk in a specifi c popula-
tion, is the fi rst step in the development of effective preven-
tion strategies. 

 As early as in 1998, the Fédération Internationale de 
Football Association (FIFA) started to survey all injuries 
incurring during their competitions [ 6 – 12 ], and other major 
sports federations followed the role model of FIFA’s Medical 
Assessment and Research Centre (F-MARC) [ 13 – 17 ]. In 
2004, an injury surveillance system was applied for all team 
sports during the Summer Olympic Games in Athens [ 9 ]. 
Based on these experiences, a group of experts, gathered by 
the IOC, developed an injury surveillance for multi-sport 
events [ 18 ], and the IOC performed, for the fi rst time, an injury 
surveillance during the 2008 Beijing Olympic Games [ 3 ], and 
in the 2010 Vancouver Olympics a full injury and illness sur-
veillance [ 2 ]. The surveillance study was further developed in 
the 2012 London [ 4 ] and 2014 Sochi Olympic Games. 

 For Olympic winter sports compared to summer sports, 
much less knowledge on injury risk exists. Furthermore, sports 
such as snowboard and freestyle skiing are relatively recent 
additions to the traditional Olympic winter sports. In 2006, the 
International Ski Federation (FIS) introduced an injury surveil-
lance system for world-class skiing athletes in an attempt to 
record injuries in all FIS sports disciplines throughout a whole 
World Cup season and thereby monitor injury trends over time 
[ 19 ]. As the second step in the development of injury preven-
tive strategies is to map the causes of injuries, new projects 
have been conducted to identify intrinsic and extrinsic risk fac-
tors and injury mechanisms [ 20 – 23 ], but many questions on 
how to protect high-risk athletes earlier in their careers still 
remain unanswered. Similarly, there is only a limited number 
of papers available aimed at investigating illnesses during sin-
gle [ 7 ,  15 ,  16 ] or multi-sport events [ 2 ,  4 ]. 

 Continuous injury and illness surveillance during these 
major sport events will build a foundation for providing evi-
dence for health development in sports and for the 
 development of injury prevention programmes [ 1 ]. The aim 
of the present chapter is to summarise the occurrence of inju-
ries and illnesses in the three Olympic Games from 2008 to 
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2012 [ 2 – 4 ] to enable the national team physicians to be bet-
ter prepared for the coming Olympic Games. Practical impli-
cations and suggestions for further research to protect the 
athletes’ health will be given.  

2.2     Methods 

 The IOC injury surveillance system for multi-sport events 
was developed in 2008 [ 18 ]. The injury defi nition and data 
collection procedures were successfully implemented during 
the Olympic Games 2008 in Beijing [ 3 ]. Based on the experi-
ences from athletics [ 15 ] and aquatic sports [ 16 ], surveillance 
was expanded to also include the registration of illnesses 
occurring during the Olympic Winter Games 2010 [ 2 ]. 

 All National Olympic Committees’ (NOC) head physi-
cians were asked to participate in the Olympic surveillance 
studies and to report daily the occurrence (or nonoccurrence) 
of newly sustained injuries and illnesses (injuries only in 
Beijing) on a standardised reporting form (Medical Encounter 
Form is attached/supplemented). In addition, information on 
all athletes treated for injuries and illnesses by the local 
organising committee (OCOG) medical services was retrieved 
from the available medical centres located at major venues. 

2.2.1     Implementation of Data Collection 

 Six months before the Games, the NOCs were informed 
about the study by the IOC. The medical representatives of all 
participating countries received a booklet with detailed infor-
mation about the study, including the injury and illness forms 
to be fi lled out. Two days before the opening of the Games, 
NOCs physicians, physiotherapists, and the medical repre-
sentatives of the Summer and Winter Olympic International 
Sports Federations were invited to a meeting covering the 
details of the studies. All NOC head team physicians were 
asked to submit a daily injury and illness form. In addition, 
athletes seen for an injury or illness in the venue medical sta-
tions or the central clinics were reported through the central 
clinic database. To encourage compliance with the reporting 
procedures during the Games, members of the study group 
were in frequent personal contact with the NOCs [ 2 – 4 ].  

2.2.2     Injury and Illness Report Form 

 The report form required documentation of the following 
information: athlete’s accreditation number, sport discipline/
event, date and time of occurrence, time, competition/train-
ing, injured body part, injury type, causes, and estimated 
time loss. The illness part of the report form was located 
directly below the injury part on the same page and followed 
a similar design. The illness documentation included the 

diagnosis, affected system, main symptom(s), and cause of 
illness, as well as an estimate of time loss. Detailed instruc-
tions on how to fi ll out the form correctly were given in the 
booklet with example for injuries and illnesses. Daily injury 
information was also received from the polyclinic in the 
Olympic Village. Injury and illness report forms were dis-
tributed to all NOCs in the following languages of choice: 
Chinese, English, French, German, Russian, Spanish, and 
Arabic [ 2 – 4 ].  

2.2.3     Defi nition of Injury and Illness 

 An athlete was defi ned as injured or ill if he/she received 
medical attention regardless of the consequences with 
respect to absence from competition or training. Following 
the IOC injury surveillance system, an injury should be 
reported if it fulfi lled the following criteria: (1) musculoskel-
etal complaint or concussion, (2) newly incurred (pre- 
existing, not fully rehabilitated should not be reported) or 
reinjuries (if the athlete has returned to full participation 
after the previous injury), (3) incurred in competition or 
training, and (4) incurred during the period of the Olympic 
Games. An illness was defi ned as any physical complaint 
(not related to injury) newly incurred during the Games that 
received medical attention regardless of the consequences 
with respect to absence from competition or training [ 2 – 4 ]. 

 All information was treated strictly confi dentially, and the 
injury reports were made anonymous after the Olympic Games. 
Ethical approval was obtained by the Regional Committee for 
Medical Research Ethics, Region Øst-Norge, Norway.   

2.3     Results 

2.3.1     Response Rate and Coverage 
of the Athletes 

 All NOCs with more than 50, 30, or 10 (Beijing, London, 
and Vancouver, respectively) registered athletes were 
included in the analysis of response rate, and these countries 
represented more than 89 % of all participating athletes. In 
Beijing, the head physicians of all the participating NOCs 
returned a total 1,050 injury report forms (72 %). In addition, 
264 injury report forms were received from medical stations 
at the different Olympic venues and through daily reports 
from the polyclinic in the Olympic Village [ 3 ]. Throughout 
the 17 days of the Vancouver Olympics, the 33 participating 
NOCs (with more than 10 athletes) returned a total of 461 
out of a maximum of 561 forms to the project group (mean 
82 %, range 77–89 %) [ 2 ]. In London [ 4 ], the response was 
better. Throughout the 17 days of the London Games, the 74 
NOCs submitted a total of 1,204 of a maximum of 1,258 
forms (mean 96 %, range 12–100 %) (Table  2.1 ).
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2.3.2        Incidence of Injuries 

 In Beijing, a total of 1,055 injuries were reported among 
10,977 athletes, equivalent to an incidence of 9.6 injuries per 
100 registered athletes [ 3 ]. Among the 2,567 registered ath-
letes (1,045 females, 1,522 males) in Vancouver, a total of 287 
injuries were reported resulting in an injury rate of 11.3 inju-
ries per 100 registered athletes [ 2 ]. On average 10–11 % of the 
registered athletes sustained at least one injury. In total, 10,568 
athletes took part in the London Olympic Games [ 4 ]. Of these, 
4,676 were female (44 %) and 5,892 male (56 %). Among 
these athletes, we recorded a total of 1,361 injuries, equalling 
an overall injury rate of 12.9 injuries per 100 registered ath-
letes. On average, 11 % of the athletes sustained at least one 
injury ( n  = 1,190). There were 114, 18, and 7 athletes with 2, 3, 
and 4 injuries, respectively (Table  2.2 ).

2.3.3        Injury Risk in Different Sports 

 The incidence of injuries varied substantially among the dif-
ferent sports in all three Olympic Games. In relation to the 
number of registered summer sport athletes, the risk of sus-
taining an injury was highest for football, taekwondo, fi eld 
hockey, handball, weightlifting, and boxing in Beijing (all 
≥15 % of the athletes) [ 3 ]. In comparison, the relative risk of 
an athlete to be injured in the London Games was highest in 
taekwondo, football, BMX, handball, mountain bike, hockey, 
weightlifting, athletics, and badminton (15–39 % of regis-
tered athletes were affected in each sport) [ 4 ]. The relative 
injury risk was lowest for archery, canoe slalom and sprint, 
track cycling, rowing, shooting, and equestrian (less than 
5 % of the athletes were injured) (Table  2.2 ). The injury risk 
in female (13.3 injuries per 100 athletes [95 % CI 12.2–14.3]) 
and male (12.1 [11.2–13.0], RR = 1.10 [0.97–1.22],  P  = 0.11) 
athletes was similar. Nonetheless, male athletes were at sig-
nifi cantly higher risk of injury in taekwondo (RR = 1.9; 1.1–
3.5,  P  = 0.03), whereas females were at higher risk of injury 
in football (RR = 1.7; 1.2–2.2,  P  < 0.001). 

 In the Winter Games in Vancouver, injury risk was highest 
for bobsleigh, ice hockey, short track, alpine, and freestyle and 
snowboard cross (15–35 % of registered athletes were affected 
in each sport) [ 2 ]. Every fi fth female athlete was injured in 

bobsleigh, ice hockey, snowboard cross, and freestyle cross 
and aerials, while the highest-risk sports for male winter sport 
athletes were short track (28 % of registered male athletes), 
bobsleigh (17 %), and ice hockey (16 %).  

2.3.4     Injury Location and Type 

 In Beijing, the distribution of injuries was as followed: about 
half of the diagnoses ( n  = 600; 54 %) affected the lower 
extremity, 20 % were related to the upper extremity ( n  = 218), 
13 % to the trunk ( n  = 149), and 12 % to the head/neck 
( n  = 133). The thigh (13 %) and knee (12 %) were most com-
monly injured, followed by the lower leg, ankle, and head 
injuries (9 %), mainly diagnosed as skin lesions or contu-
sions [ 3 ]. Similar results were found in the London Games 
(Table  2.3 ) [ 4 ].

   In Vancouver, for both genders, the face, head, and cervical 
spine (female 20 %, male 21 %) and knee (female 16 %, male 
11 %) were the most prominent injury locations, followed for 
females by wrist (8 %) and for male athletes by thigh (10 %). 
Contusions (female 32 %, male 26 %), ligament sprains 
(female 20 %, male 11 %), and muscular strains (female 8 %, 
male 16 %) were the most common injury types. In alpine, 
freestyle, and snowboarding, 22 out of 102 injuries (22 %) 
affected the head/cervical spine and one fourth of all injuries 
the knee (24 %). Twenty concussions were reported, affecting 
7 % of the registered athletes. These athletes participated in 
the snowboard (boarder cross and half pipe) and freestyle dis-
ciplines (ski cross and aerials), in bobsleigh, in short track, in 
alpine skiing, and in ice hockey. A catastrophic injury with 
death as outcome occurred in luge [ 2 ].  

2.3.5     Injury Mechanism and Circumstance 

 In Beijing, one third of the injuries ( n  = 282; 33 %) were 
caused by contact with another athlete. Noncontact trauma 
( n  = 172; 20 %) and overuse either with gradual ( n  = 78; 9 %) 
or sudden onset ( n  = 110; 13 %) were also frequent causes of 
injury [ 3 ]. Similar results were found in the London Games 
[ 4 ]. In Vancouver, the three most common reported injury 
mechanisms were a noncontact trauma ( n  = 57, 23 %), 

   Table 2.1    Response rates, injuries, and illnesses in NOCs of different sizes (measured by number of athletes)   

 <30  30–99  100–200  >200  All 

 NOC (athletes)  132 (1,114)  37 (1,890)  20 (2,510)  15 (5,050)  204 (10,564 a ) 
 Injuries (%)  256 (23)  308 (16)  380 (15)  416 (8)  1,360 b  (13) 
 Illnesses (%)  108 (10)  187 (10)  182 (7)  280 (6)  757 c  (7) 
 Report forms submitted d  (%)  –  624 (97)  332 (93)  248 (98)  1,204 (96) 

   a Independent Olympic Athletes excluded 
  b NOC is missing for one injury 
  c NOC is missing for one illness 
  d Countries with less than 30 athletes were excluded from the response rate analysis  
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      Table 2.2    Injury and illness distribution (percentage of participating athletes) for selected sports on the programme for the 2008 Beijing, 2010 
Vancouver, and 2012 London Olympic Games   

 Injuries  Illnesses 

 Olympic sports  Beijing 2008  Vancouver 2010  London 2012  Vancouver 2010  London 2012 

 Alpine skiing  14.9  4.2 
 Aquatics 
   Diving  2.1  8.1  5.1 
   Swimming  3.4  5.4  7.3 
   Synchronised swimming  1.9  13.5  12.5 
   Water polo  9.7  13.1 
 Archery  7.0  1.6  7.8 
 Athletics  11.3  17.7  10.5 
 Badminton  4.7  15.9  3.0 
 Baseball  11.1  – 
 Basketball  13.2  11.1  3.1 
 Beach volleyball  8.3  12.5  18.8 
 Biathlon  1.5  11.4 
 Bobsleigh  20.0  4.4 
 Boxing  14.9  9.2  6.4 
 Canoeing/kayaking  1.2  5.2  10.4 
 Cross-country skiing  3.1  6.8 
 Curling  4.0  10.0 
 Cycling  5.8 
   BMX  31.3  4.2 
   MTB  21.1  6.6 
   Road  9.0  3.3 
   Track  3.0  19.6 
 Equestrian  5.2  4.5  5.5 
 Fencing  2.4  9.3  5.3 
 Field hockey  20.4  17.0  7.5 
 Figure skating  14.3  12.3 
 Football  31.5  35.2  12.2 
 Freestyle 
   Aerials  19.1  2.1 
   Cross  19.0  2.9 
   Moguls  1.8  0 
 Gymnastics  7.5 
   Artistic  7.7  2.6 
   Rhythmic  7.3  1.0 
   Trampoline  6.3  3.1 
 Handball  17.4  21.8  4.9 
 Ice hockey  18.5  5.6 
 Judo  11.2  12.3  4.2 
 Luge  1.9  6.5 
 Modern pentathlon  5.6  8.3  1.4 
 Nordic combined  1.9  7.8 
 Rowing  1.8  3.3  7.3 
 Sailing  0.8  14.7  10.0 
 Shooting  7.8  3.8  4.4 
 Short track  9.0  9.2 
 Skeleton  6.4  10.6 
 Ski jumping  4.5  1.5 
 Snowboard 
   Cross  35.0  10.5 
   Half pipe  13.0  5.8 
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 contact with a stagnant object ( n  = 54, 22 %), and contact 
with another athlete ( n  = 36, 15 %) [ 2 ]. 

 While 73 % of the injuries in Beijing occurred in the com-
petition [ 3 ], injuries in Vancouver were evenly distributed 
between offi cial training (54 %) and competition (46 %) 
( P  = .18) [ 2 ], similar to the 2012 London Games [ 4 ]. However, 
in Vancouver, a specifi cally high proportion of training inju-
ries was found for the three snowboard disciplines, freestyle 
cross skiing, short track, fi gure skating, skeleton, and biath-
lon. In these sports, three out of four injuries occurred out-
side of the competition (Table  2.3 ) [ 2 ].  

2.3.6     Injury Severity 

 In Beijing, about half of the injuries were expected to pre-
vent the athletes from further training or competition 
( n  = 419; 50 %). Physicians estimated that one third of the 
injuries would result in an absence from sport with up to 1 
week [ 3 ]. In Vancouver, of the 287 injuries, 65 (23 %) were 
expected to result in a time-loss situation for the athlete. Of 
those with expected time loss, 11 injuries (17 %) had an 
estimated absence from training or competition of more 
than 1 week [ 2 ]. 

Table 2.2 (continued)

 Injuries  Illnesses 

 Olympic sports  Beijing 2008  Vancouver 2010  London 2012  Vancouver 2010  London 2012 

   Slalom  6.8  6.8 
 Softball  13.4  –  – 
 Speed skating  2.8  12.5 
 Table tennis  5.2  6.3  6.9 
 Taekwondo  27.0  39.1  10.9 
 Tennis  5.9  11.4  2.2 
 Triathlon  9.2  14.5  6.4 
 Volleyball  8.0  6.9  2.8 
 Weightlifting  16.9  17.5  4.0 
 Wrestling  9.4  12.0  4.7 

 Total  9.6  11.2  12.9  7.2  7. 

    Table 2.3    Comparison between injuries sustained by athletes participating in Summer (Beijing 2008, London 2012) and Winter Olympic Games 
(Vancouver 2010)   

 Beijing 2008  London 2012  Vancouver 2010 

 Participating athletes  10,977  10,568  2,567 
 Injuries (per 1,000 athletes)  1,055 (96.1)  1,361 (128.8)  287 (111.8) 
 Most common diagnosis  Ankle sprains (7 %), thigh strains (7 %)  Most severe injuries: shoulder, 

elbow, and knee dislocations, 
muscle strains and ruptures, 
fractures/stress fractures, ligament 
sprains and ruptures, incl. ACL, 
tendon ruptures 

 Concussions (7 %) 
 Most affected locations  Trunk (13 %), thigh (13 %), head/neck 

(12 %), knee (12 %) 
 Head/neck (16 %), knee 
(14 %), thigh (7 %) 

 Most common mechanisms  Noncontact (20 %)  Contact with another athlete 
(14 %) 

 Contact with another athlete 
(15 %) 

 Overuse (22 %)  Noncontact (20 %)  Contact with a stationary 
object (22 %) 

 Contact with another athlete (33 %)  Overuse (25 %)  Noncontact (23 %) 
 Expected time-loss injuries  50 %  35 %  23 % a  
 Competition – training injuries  73–27 %  55–45 %  46–54 % 
 High-risk sports (injuries per 
100 athletes) 

 Football, taekwondo, fi eld hockey, 
handball, weightlifting 

 Football, taekwondo, BMX, 
handball, MTB, athletics 

 Snowboard cross, freestyle 
aerials and cross, bobsleigh, 
ice hockey 

 Low-risk sports (injuries per 
100 athletes) 

 Canoeing/kayaking, diving, rowing, 
sailing, synchronised swimming, fencing 

 Archery, canoe slalom and sprint, 
track cycling, rowing, shooting, 
equestrian 

 Nordic skiing disciplines, 
curling, speed skating 

   a This fi gure may be underestimating the number of time-loss injuries as the response rate to this information was low and many of the injuries were 
of severe outcome, without estimated time loss registered (more details in the Vancouver paper) (Engebretsen et al. [ 2 ])  
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 In London, while two thirds of the injuries were estimated 
to not result in any time loss from sport ( n  = 878, 65 %), a 
total of 482 (35 %) injuries were expected to prevent the ath-
lete from participating in competition or training. It was esti-
mated that 246 (18 %) injuries would result in an absence 
from sports from 1 to 3 days, 62 (5 %) in an absence from 4 
to 7 days, 105 (8 %) in an absence from 8 to 28 days, and 69 
(5 %) in an absence for more than 28 days. Information on 
severity was missing on one injury (Table  2.4 ) [ 4 ].

   A total of 174 injuries (13 %) entailed an estimated 
absence from training or competition of more than 1 week. 
These injuries were 10 shoulder, elbow, and knee dislocations 
(in hockey, football, judo, BMX, and weightlifting); 38 mus-
cle strains, of which 24 were thigh strains (mostly in athlet-
ics); 24 fractures (mostly in team sports; all body locations) 
and six stress fractures (in running sports); eight Achilles, 
knee, and shoulder tendon ruptures (in athletics, badminton, 
handball, and basketball); 47 ligament sprains (across all 
joints and sports); and 15 knee sprains, including six ACL and 
one PCL ruptures (in fencing, handball, judo, wrestling, bad-
minton, table tennis, tennis, and football). None of the six 
reported concussions (three in football, one each in water 
polo, athletics, and BMX) were classifi ed as severe.  

2.3.7     Incidence and Distribution 
of Illnesses (Registered 
in Vancouver and London Only)  

 Among 173 out of 2,567 athletes (7 %) in Vancouver, a total 
of 185 illnesses were reported, resulting in an incidence of 
7.2 illnesses per 100 athletes [ 2 ]. Illnesses were reported 
from a variety of sports. In skeleton, fi gure and speed skat-
ing, curling, snowboard cross, and biathlon, every tenth ath-
lete suffered from at least one illness. The majority of the 
illnesses ( n  = 113, 63 %) affected the respiratory system, 
mostly observed in the ice skating and Nordic skiing disci-
plines (Table  2.2 ). As a consequence, the illness cause was 
most often classifi ed as an infection ( n  = 111, 64 %), affect-
ing athletes in mainly the same sports as mentioned above. 
The most frequent diagnosis was upper respiratory tract 
infection (pharyngitis, sinusitis, tonsillitis) ( n  = 61, 54 %). 

 In London, among the 10,568 athletes, a total of 758 illnesses 
were reported, resulting in an incidence of 7.2 illnesses per 100 
athletes (Table  2.4 ). The incidence of illnesses was signifi cantly 
higher in female compared to male athletes (8.6 versus 5.3 ill-
nesses per 100 athletes, RR = 1.6, 95 % CI 1.4–1.9,  P  < 0.001) [ 4 ]. 

 Illnesses were reported from a variety of sports. In athlet-
ics, beach volleyball, football, sailing, synchronised swim-
ming and taekwondo, more than every tenth athlete suffered 
from at least one illness. The peak in relative illness rates 
occurred in beach volleyball, where 19 % of the players suf-
fered from an illness during the Games.  

2.3.8     Affected System, Causes, Symptoms, 
and Severity of Illness 

 A total of 310 illnesses (41 %) in London affected the 
respiratory system, and these were most frequently 
observed in athletics, beach volleyball, football, swim-
ming, and water polo (3–5 % of the athletes). In beach 
volleyball, 61 % of the illnesses were reported as respira-
tory infections. Concomitantly, infection was the most 
common cause of illness ( n  = 209, 67 %), affecting ath-
letes in mainly the same sports as mentioned above. 
Symptoms of pain were present in 209 (16 %) of the ill-
nesses. However, for a third (248, 33 %) of all illnesses, 
symptoms were not reported. About one out of fi ve ill-
nesses ( n  = 145, 19 %) were expected to result in absence 
from training or competition. Of these, nine illnesses were 
expected to result in an estimated time loss of more than 7 
days (seven cases of stress, fatigue, and exhaustion, one 
upper respiratory tract infection, and one instance of 
abdominal pain) [ 4 ]. 

 In the Vancouver Winter Games, a total of 113 illnesses 
(62.8 %) affected the respiratory system, mostly observed 
in the ice skating and Nordic skiing disciplines (Table  2.2 ). 
As a consequence, the illness cause was most often classi-
fi ed as an infection ( n  = 111, 63.8 %), affecting athletes in 
mainly the same sports as mentioned above. The most 
commonly reported symptoms were pain ( n  = 50, 27.9 %) 
and dyspnoea/cough ( n  = 38, 21.2 %). The most frequent 
diagnosis was upper respiratory tract infection (pharyngi-
tis, sinusitis, tonsillitis) ( n  = 61, 54.0 %). A total of 24 
(13.8 %) illnesses were caused by exercise-induced or 
environmental factors. 

 About a third of the illnesses (65 of 185; 35.1 %) were 
expected to result in absence from further training or compe-
tition. Of those, three illnesses were expected to result in an 
estimated time loss of 8–10 days (one endocrinological 
problem, two respiratory/dyspnoea–acute sinusitis and 
tonsillitis) [ 2 ].   

2.4     Discussion 

 This chapter summarises the fi rst three IOC surveillance 
projects on the injury and illness occurrence of athletes dur-
ing the 2008 Beijing and 2012 London Summer and 2010 
Vancouver Winter Olympic Games with all sports of the 
Games included. The principal fi ndings were that at least 
10–12 % of the athletes incurred an injury during the 
Olympic Games and 7 % of the athletes an illness. Although, 
variations in injury risk have been detected, it can be con-
cluded that specifi cally some team sports (such as soccer, ice 
hockey, fi eld hockey, handball, and basketball), martial art or 
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weight class sports (such as taekwondo, boxing, and weight-
lifting), and speed sports (such as bob and the alpine skiing 
and snowboard disciplines) have a relatively high injury risk. 
Upper respiratory tract infections, the major cause of reported 
illnesses in Vancouver, were specifi cally suffered by Nordic 
skiing and skating athletes. 

2.4.1     Incidence and Distribution, 
Type, and Cause of Injuries 

 In Vancouver, the injury incidence was with 111.8 injuries per 
1,000 athletes slightly higher than reported from the Summer 
Olympics in Beijing 2008 (96.1 injuries per 1,000 athletes) [ 2 ]. 

    Table 2.4    Risk of injuries overall, injuries leading to time loss (≥1 day or >7 days of estimated absence), competition and training injuries, and 
illnesses overall in the Olympic sports during the 2012 London Games   

 Olympic sport  Athletes ( n ) 

 Injuries 

 All illnesses  All  ≥1 day  >7 days  Competition  Training 

 Archery  128  2 (1.6)  0 (0.0)  0 (0.0)  0 (0.0)  1 (100.0)  10 (7.8) 
 Athletics  2,079  368 (17.7)  145 (7.0)  59 (2.8)  133 (39.5)  204 (60.5)  219 (10.5) 
 Aquatics 
   Diving  136  11 (8.1)  5 (3.7)  2 (1.5)  2 (25.0)  8 (75.0)  7 (5.1) 
   Swimming  931  50 (5.4)  7 (0.8)  1 (0.1)  13 (31.0)  29 (67.0)  68 (7.3) 
   Synchronised 

swimming 
 104  14 (13.5)  4 (3.8)  0 (0.0)  2 (20.0)  8 (80.0)  13 (12.5) 

   Water polo  260  34 (13.1)  13 (5.0)  0 (0.0)  26 (78.8)  7 (21.2)  21 (8.1) 
 Badminton  164  26 (15.9)  7 (4.3)  4 (2.4)  11 (47.8)  12 (52.3)  5 (3.0) 
 Basketball  287  32 (11.1)  10 (3.5)  7 (2.4)  21 (75.0)  7 (25.0)  9 (3.1) 
 Beach volleyball  96  12 (12.5)  2 (2.1)  0 (0.0)  6 (54.5)  5 (45.5)  18 (18.8) 
 Boxing  283  26 (9.2)  9 (3.2)  1 (0.4)  16 (72.7)  6 (27.3)  18 (6.4) 
 Canoe slalom  83  2 (2.4)  1 (1.2)  0 (0.0)  0 (0.0)  2 (100.0)  4 (4.8) 
 Canoe sprint  249  7 (2.8)  1 (0.4)  0 (0.0)  3 (50.0)  3 (50.0)  14 (5.6) 
 Cycling 
   BMX  48  15 (31.3)  5 (10.4)  2 (4.2)  11 (73.3)  4 (26.7)  2 (4.2) 
   MTB  76  16 (21.1)  8 (10.5)  2 (2.6)  5 (31.3)  11 (68.7)  5 (6.6) 
   Road  210  19 (9.0)  7 (3.3)  2 (0.9)  14 (73.7)  5 (26.3)  7 (3.3) 
   Track  167  5 (3.0)  3 (1.8)  0 (0.0)  1 (20.0)  4 (80.0)  16 (9.6) 
 Equestrian  199  9 (4.5)  4 (2.0)  2 (1.0)  6 (100.0)  0 (0.0)  11 (5.5) 
 Fencing  246  23 (9.3)  10 (4.1)  2 (0.8)  10 (45.5)  12 (54.5)  13 (5.3) 
 Football  509  179 (35.2)  67 (13.2)  11 (2.2)  132 (74.2)  46 (25.8)  62 (12.2) 
 Gymnastics 
   Artistic  195  15 (7.7)  8 (4.1)  4 (2.1)  8 (66.7)  4 (33.3)  5 (2.6) 
   Rhythmic  96  8 (8.3)  1 (1.0)  0 (0.0)  1 (16.7)  5 (83.3)  1 (1.0) 
   Trampoline  32  2 (6.3)  0 (0.0)  0 (0.0)  0 (0.0)  2 (100.0)  1 (3.1) 
 Handball  349  77 (22.1)  32 (9.2)  16 (4.6)  55 (75.3)  18 (24.7)  17 (4.9) 
 Hockey  388  66 (17.0)  25 (6.4)  10 (2.6)  44 (71.0)  18 (29.0)  29 (7.5) 
 Judo  383  47 (12.3)  22 (5.7)  12 (3.1)  26 (68.4)  12 (31.6)  16 (4.2) 
 Modern pentathlon  72  6 (8.3)  2 (2.8)  0 (0.0)  3 (60.0)  2 (40.0)  1 (1.4) 
 Rowing  549  18 (3.3)  2 (0.4)  0 (0.0)  7 (53.8)  6 (46.2)  40 (7.3) 
 Sailing  380  55 (14.5)  3 (0.8)  1 (0.3)  30 (62.5)  18 (37.5)  38 (10.0) 
 Shooting  390  15 (3.8)  4 (1.0)  0 (0.0)  1 (7.1)  13 (92.9)  17 (4.4) 
 Table tennis  174  11 (6.3)  7 (4.0)  2 (1.1)  7 (70.0)  3 (30.0)  12 (6.9) 
 Taekwondo  128  50 (39.1)  16 (12.5)  7 (5.5)  16 (33.3)  32 (66.7)  14 (10.9) 
 Tennis  184  21 (11.4)  7 (3.8)  4 (2.2)  14 (66.7)  7 (33.3)  4 (2.2) 
 Triathlon  110  16 (14.5)  8 (7.3)  3 (2.7)  11 (73.3)  4 (26.7)  7 (6.4) 
 Volleyball  288  20 (6.9)  7 (2.4)  3 (1.0)  11 (55.0)  9 (45.0)  8 (2.8) 
 Weightlifting  252  44 (17.5)  19 (7.5)  11 (4.4)  18 (45.0)  22 (55.0)  10 (4.0) 
 Wrestling  343  41 (12.0)  11 (3.2)  6 (1.7)  20 (62.5)  12 (37.5)  16 (4.7) 

 Total  10,568  1,361 (12.9)  482 (4.6)  174 (1.6)  684 a  (54.9)  561 a  (45.1)  758 (7.2) 

  Values are numbers (percentages) of injured or ill athletes, unless otherwise indicated 
  a Information on training/competition is missing in 116 injuries  
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In London, we recorded a total of 1,361 injuries, equalling an 
overall injury rate of 12.9 injuries per 100 registered athletes 
[ 4 ]. This observed difference is most likely due to the differ-
ences in the sports themselves, since both IOC surveillance 
projects were conducted by the same research group using the 
same methodology to obtain data [ 18 ]. 

 As illustrated for winter sports by Torjussen and Bahr 
[ 24 ] and for summer sports by Junge et al. [ 18 ], choosing the 
appropriate method to report the risk of injury in sports is a 
challenge if the aim is to compare the risk between different 
sports or disciplines where exposure may differ consider-
ably. During major sport events, such as the Olympics, ath-
letes can have, for example, 15 jumps in a high jump 
competition; 8 throws in a javelin competition; 1 ski run in a 
50 km cross-country race; 5 runs in snowboard cross; several 
matches in ice hockey, soccer, or basketball; and only 1–4 
starts in a 100 m sprint competition. Thus, as an alternative 
to relative injury risk where the risk is expressed as rate cor-
rected for exposure, e.g. injuries per run/matches, using the 
absolute injury risk is highly relevant for the present sum-
mary, where injuries and illnesses are expressed as the total 
number of injuries/illnesses per registered athletes for each 
sport/discipline. 

 Having this in mind, athletics, soccer, and ice hockey 
caused the greatest portion of injuries in the 2008 and 2012 
Summer [ 3 ,  4 ] and 2010 Winter Olympics [ 2 ]. Out of all 
injuries registered during both Games, 18 % of injuries 
occurred in athletics, 12 % in soccer, and 6 % in ice hockey. 
However, this does not mean that athletes in these sports are 
at the greatest risk of injury. The explanation is that these 
sports have a great number of competing participants. 

 The picture was slightly different when the number of 
injuries was calculated in relation to the number of partici-
pating athletes. In Beijing and London, the risk of sustaining 
an injury was highest for soccer, taekwondo, fi eld hockey, 
BMX, mountain bike, handball, weightlifting, boxing, triath-
lon, hockey, badminton, and athletics [ 3 ,  4 ]. These fi ndings 
are in accordance with the literature [ 12 ,  25 ,  26 ] where sys-
tematic surveillance data are available. In Vancouver, free-
style and snowboard cross, bobsleigh, ice hockey, short 
track, and alpine skiing were the sports with the highest 
injury risk [ 2 ]. 

 Compared to high-risk summer sports, where in, for 
instance, team sports many of the injuries are expected to 
result from player-to-player contact, many winter sports are 
characterised by a high speed. Injury risk has also been docu-
mented to be high in freestyle and snowboard cross. To posi-
tion themselves in the front through their heats while 
competing against three other skiers/riders, athletes had to 
pass several challenges, e.g. turns, jumps, and waves [ 20 ]. 
Combined with the speed component, competing in heats 
may promote a risk-taking attitude for the athletes. In addi-
tion, body contact within the rules of the sport occurs and 

may force the athlete to unanticipated reaction, loss of con-
trol, and probably higher-risk situations [ 20 ,  22 ]. 

 On the other hand, the lowest injury risk during the 
Beijing and London Olympics was observed for water sports 
such as sailing, archery, canoeing/kayaking, rowing, syn-
chronised swimming, diving, and swimming [ 3 ,  4 ]. The low 
injury risk for athletes competing in the Nordic skiing disci-
plines compared to alpine, freestyle, and snowboard athletes 
is not surprising as they are not exposed to high speed on icy 
surfaces with minimal protection [ 27 ]. 

 In line with a previous report [ 19 ], the knee and the head 
were the most frequent body parts injured among alpine and 
freestyle skiers and snowboarders. The same picture was seen 
among summer sport athletes, too, where thigh, knee, lower 
leg, ankle, and head injuries were most commonly injured [ 3 , 
 4 ]. Also, a concern also should be that every fi fth registered 
injury in the Winter Olympic Games affected the head, neck, 
and cervical spine, mainly diagnosed as abrasion, skin lesion, 
contusion, fracture, or concussion. In many cases, head and 
knee injuries result in long absence from training and compe-
tition, and the prevention of concussions and severe knee 
ligament sprains, including anterior cruciate ligament rup-
tures, is of signifi cant importance. In Vancouver, a total of 20 
concussions, constituting 7 % of all participating athletes, 
were diagnosed [ 2 ]. These fi gures are twice as high as reported 
from the Summer Olympic Games [ 3 ,  4 ]. In a national cohort, 
Emery et al. [ 28 ] found a high rate of concussions among 
young elite ice hockey players. To sum up, except for skiing 
[ 21 ,  22 ,  27 ], snowboarding and freestyle skiing [ 20 ,  23 ], and 
ice hockey [ 28 ,  29 ], there is little data available on winter 
sports regarding elite athletes’ injury risk.  

2.4.2     Incidence and Distribution, Type, 
and Cause of Illnesses (Registered 
in London and Vancouver Only) 

 The illness incidence in Vancouver and London was 7 ill-
nesses per 100 athletes [ 2 ,  4 ]. The high incidence of respira-
tory infections mirrors data from other elite sport events, and 
these fi ndings are consistent with data from athletics (7 %) 
[ 15 ], aquatics (7 %) [ 16 ], and football (12 %) [ 7 ]. Almost 
two thirds of the illnesses affected the respiratory system 
(62 %) caused by infections (64 %), which is a higher rate 
than reported in swimming (respiratory system 50 %, infec-
tion 49 %) [ 30 ]. 

 Predominant risk factors are mechanical and dehydration 
stresses generated within the airways and the level of air-
borne pollutants, irritants, and allergens inhaled by the ath-
lete under high ventilatory exercise conditions [ 31 ]. It has 
earlier been reported that airway hyperresponsiveness/
asthma is the most common chronic medical condition expe-
rienced by both summer and winter Olympic athletes [ 30 ]. 
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Improving the education of athletes and their entourage on 
infectious disease prevention strategies as well as the provi-
sion of more hand sanitisation stations at training and com-
petitive venues should lead to a decrease in this problem.   

2.5     Practical Implications and Further 
Research 

 Before preventive measures can be suggested, risk factors 
and mechanisms need to be characterised [ 5 ]. For exam-
ple, whether an injury in, for example, freestyle cross 
occurs in a landing after a jump, resembling the boot-
induced anterior drawer mechanism with deep knee fl ex-
ion, or is due to collisions with other skiers or the skier 
coming out of balance by fi ghting for a better positioning 
in the course needs to be investigated [ 32 ]. In addition, 
slope, snow and weather conditions, the athlete’s speed, 
and equipment may play an active role in the inciting 
event of an injury [ 21 ,  22 ]. A recent report describing sit-
uations leading to ACL injuries in World Cup alpine ski-
ing revealed that individual technical errors and 
inappropriate tactical choices were the dominant risk fac-
tors [ 22 ]. In another systematic video analysis of 19 injury 
cases among elite snowboard riders, jumping appeared to 
be the most challenging situation in snowboard cross, 
where a technical error at takeoff was the primary cause 
of the injuries [ 20 ]. These studies indicate that close eval-
uations are necessary on course design and setting, race 
conditions, visibility and speed, and other technically dif-
fi cult obstacles, such as height and distance between 
jumps [ 20 ,  22 ]. Future research should also aim to explore 
the physiological and psychological requirements for 
these athletes [ 23 ]. Also, by using video analysis and a 
model-based image-matching technique, detailed infor-
mation on joint kinematics can be obtained from uncali-
brated injury video recordings [ 33 ]. This approach will 
help to better understand injury mechanisms. The IOC 
research group has analysed the most serious injuries in 
Vancouver in an effort to improve the knowledge on injury 
risk factors and mechanisms in high- risk sports. 

 As the cause of injury varied substantially between sports, 
successful preventive strategies need to be tailored to the 
respective sport and athlete at risk [ 2 ,  34 ]. Based on the expe-
riences from the Vancouver Olympics, where more than half 
of the injuries in the bobsleigh run and skiing/snowboarding 
slopes incurred as a result of contact with a stationary object, 
preventive measures need to address the importance of creat-
ing safe sports arenas (optimal preparation of the skating 
ring, bobsleigh run, freestyle and snowboard courses/pipes). 
In addition, the high proportion of training injuries in the ski-
ing and snowboarding speed disciplines may suggest 

 additional training runs and optimising training facilities. 
The effect of these potential measures to reduce injury risk 
has to be monitored in the upcoming Games. 

 The IOC and other major international sports federations, 
such as the International Football Association (FIFA) [ 7 ], the 
International Aquatic Federation (FINA) [ 16 ], and the 
International Association of Athletics Federations (IAAF) 
[ 13 ,  15 ], have extended their injury surveillance in a second 
step to also include illness monitoring. In addition, the IOC 
is developing a periodic health exam (PHE) system, which 
may be offered to the NOCs prior to future Olympic Games. 
This should improve pre-Game knowledge both on injuries 
and illnesses and will help NOCs to maximise the health pro-
tection of their elite athletes [ 1 ]. 

 In London 2012, the IOC with the NOC and IF continued 
running the injury and illness surveillance system. As in 
Beijing and Vancouver, the monitoring of the athletes’ health 
enables researchers and clinicians to follow the injury and 
disease trends in the various sports and continue the premier 
goal of the IOC: to protect the health of the athlete. The mes-
sage from this and other long-term projects initiated by the 
IOC and the IFs is that we need to monitor the development 
of injury and illness rates over several years to identify 
potential risk factor and mechanisms for injury and illnesses 
in disciplines and sports. By acquiring new knowledge on 
injury trends, we can optimise and target future research on 
injury risk factors, mechanisms, and, fi nally, prevention. The 
key to a meaningful study of epidemiology lies in a well- 
organised procedure for data collection with coordinated 
efforts from sports medicine professionals, coaches, and ath-
letes, combined with systematic subsequent analyses.  

    Conclusion 

 The present data collection procedures were accepted by 
the medical staff of the National Olympic Committees as 
demonstrated by the high response rates of returned injury 
and illness forms at the various events. At least 10–12 % 
of the athletes incurred an injury during the 2008 and 
2012 Summer or 2010 Winter Games, and 7 % of the win-
ter sport athletes suffered at least from one illness occur-
rence. The incidence of injuries and illnesses varied 
substantially between sports. In the future, risk factor and 
video analyses of injury mechanisms in high-risk Olympic 
sports are essential to better direct injury prevention strat-
egies. Pre-Game monitoring will be an essential part of an 
athlete’s medical support.     
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3.1             Introduction 

 Tennis injuries have been reported throughout all regions of the 
body with more common areas being the spine, the ankle and 
the shoulder (Fig  3.1 ). Tennis injuries can occur as a conse-
quence of a trauma (acute injuries, more common in the lower 
extremity), but most of the injuries in tennis can be defi ned as 
overuse injuries (chronic injuries, more common in the upper 
extremity and trunk) coming from the repetitive microtrauma 
inherent in the sport [ 1 ,  2 ]. Upper extremity injuries were most 
frequently located in the elbow and the shoulder regions, with 
tendon injuries of the shoulder and tennis elbow (humeral epi-
condylitis) as most frequent injuries. Lower extremity injuries 
were most frequently located in the ankle and the knee regions, 
with ankle sprain and patellar tendinosis as most frequent inju-
ries. Usually upper extremity injuries are associated with 
kinetic chain dysfunction, scapular dyskinesis and GIRD [ 3 ]. 
The repetitive stressors and loading sequences in tennis create 
muscular imbalances specifi c to the sport that requires preven-
tative interventions believed to lower injury risk. This chapter 
will show an overview of the epidemiology and the mechanism 
of the most common injuries in tennis players.

3.2               Epidemiology and Mechanism 
of Upper Limb Injuries in Tennis 
Players 

3.2.1     The Shoulder 

 The upper extremity is one of the most frequently injured 
regions in tennis players. In the 2013 ATP World Tour, shoul-
der injuries (10 % of all injuries) were in fourth position after 

spine (26 %), thigh muscles (13 %) and foot/ankle (11 %) 
injuries. Sallis et al. found that there is no signifi cant differ-
ence in injury rate between men and women [ 4 ]. The most 
common diagnosis in tennis players with shoulder pain are 
‘impingement’ and ‘rotator cuff and long head of the biceps 
tendonitis’, frequently due to ‘overuse syndrome’ (chronic 
injuries). This syndrome could result from kinetic chain dys-
function, scapular dyskinesis and glenohumeral internal rota-
tion defi cit (GIRD). In case of kinetic chain dysfunction and 
scapular dyskinesis, the shoulder joint becomes the victim 
and not the culprit of a dysfunction, eventually resulting in an 
anatomical injury with clinical fi ndings affecting the  shoul-
der girdle . This kind of approach might explain the failure of 
some surgical ligament and tendon repair techniques, too 
often attributed to failed materials (anchors, suture, bio- and 
not reabsorbable material) or local biological factors (vascu-
larization, fatty infi ltration, etc.) forgetting that these ana-
tomical lesions are often the end point of a failure in the 
kinetic chain that, if not correct, may inevitably reproduce 
the lesion over time, even after surgery. The dynamic scapu-
lothoracic stability and the importance of the  core stability  
give the ideal hint to understand those mechanisms that when 
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altered can lead to  shoulder dysfunction . The shoulder is a 
complex mechanical structure containing several joints con-
necting the humerus, the scapula, the clavicle and the ster-
num. The scapula slides over the dorsal part of the thorax; it 
can glide over the so-called scapulothoracic gliding plane. It 
is a closed chain mechanism. The relation between the rota-
tions of the humerus and scapula is commonly referred to as 
the  scapulohumeral rhythm . The scapular motion strongly 
affects the  mechanical energy  delivered by the muscles and 
the  metabolic cost  required to obtain the desired force. At the 
same time the scapula has different roles being a functional 
part of the glenohumeral joint, retracting and protracting 
along the thoracic wall and elevating the acromion. It is a site 
for muscle attachment and a link in the proximal to distal 
sequencing of velocity, energy and force that allows the most 
appropriate shoulder function [ 5 ]. The  core  is where the 
 centre of gravity is located and where movement begins. An 
effi cient core allows for maintenance of the physiological 
length–tension relationship of functional agonists and antag-
onists and for normal force couple in the lumbo-pelvic hip 
complex. The musculoskeletal core of the body includes the 
spine, the hips, the pelvis, the proximal lower limb and 
abdominal structures; muscles of the trunk and pelvis are 
responsible for the maintenance of stability of the spine and 
are critical for the transfer of energy from large to small body 
parts during many work/sports activities. The roof of the core 
muscle structures is the diaphragm. At the opposite end of 
the trunk component of the core muscles are the pelvic fl oor 
muscles. Core muscles have large cross-sectional areas and 
generate a great amount of force and power for athletic activ-
ities. The thoracolumbar fascia is an important structure that 
connects the lower limbs (via the gluteus maximus) to the 
upper limbs (via the latissimus dorsi). Function, the end 
result of the kinetic chain, can be defi ned as  optimal anatomy 
acted upon by physiological muscle activations to produce 
optimal biomechanical forces and motions.  Core stability is 
essential for the maximum effi ciency of the shoulder func-
tion. A functional defi nition of ‘ core stability ’  is the ability to 
control the trunk over the pelvis to allow the coordinated 
sequenced activation of body part to produce, to transfer and 
to control force and motion to the terminal segments in inte-
grated body activities, to obtain the desired work/athletic 
task  [ 6 ]. This defi nition implies patterned sequences for force 
generation and transfer, proximal stability for distal mobility 
and control in three dimensions. Core muscle activation is 
used to generate rotational torques around the spine and pro-
vides stiffness to the entire central mass, making a rigid cyl-
inder that confers a long lever arm around which rotation can 
occur and against which muscles can be stabilized as they 
contract [ 7 ]. One of the most important abnormalities in 
scapular biomechanics is actually the loss of the ‘link func-
tion’ in the kinetic chain; if the scapula does become defi -
cient in motion or position, transmission of the large 

generated forces from the lower extremity to the upper 
extremity is impaired. This creates a defi ciency in resultant 
maximum force that can be delivered to the hand or creates a 
situation of ‘catch up’ in which the more distal links have to 
work more actively to compensate for the loss of the proxi-
mally generated force. This can impair the function of the 
distal links because they do not have the size, the muscle 
cross section area or the time to effi ciently develop these 
larger forces. Kibler calculations have shown that a 20 % 
decrease in kinetic energy delivered from the hip and trunk to 
the arm necessitates an 80 % increase in mass or a 34 % 
increase in rotational velocity at the shoulder to deliver the 
same amount of resultant force to the hand [ 5 ]. This required 
adaptation can cause overload problems with repeated use. In 
condition of sport-related stress, regulatory imbalance might 
result both in typical reaction patterns and individual response 
specifi city; this can explain the anatomo- pathological differ-
ence of several lesions (extension, site, degrees of retraction, 
etc.), and it justifi es those clinical pictures that even if trig-
gered by similar lesions appear at different times and with 
different clinical features. 

 Repetitive concentric and eccentric demands on the rota-
tor cuff and hypermobility and excessive laxity of the gleno-
humeral joint could lead to scapulothoracic muscular fatigue 
altering the normal shoulder biomechanics. Fatigue affects 
sensation of joint movement, decreases athletic performance 
and increases fatigue-related shoulder dysfunction. The mus-
cular imbalance during the deceleration phase transfers dis-
traction forces to the posterior capsule that becomes tight 
and leads to an internal rotation reduction (glenohumeral 
internal rotation defi cit or GIRD). Posterior capsule tightness 
may be forcing the humeral head forward, causing mechani-
cal impingement and a loss of range of motion as a result of 
the avoidance of painful movements. Although the factors 
contributing to secondary shoulder impingement are multi-
ple, the posterior capsule tightness is thought to alter shoul-
der kinematics, with superior translation of the humeral head 
during fl exion such that the rotator cuff is compromised by 
the overlying coracoacromial arch. Glenohumeral joint tight-
ness can also create abnormal biomechanics of the scapula. 
Posterior shoulder infl exibility, due to capsular or muscular 
tightness (infraspinatus thixotropy), affects the smooth 
motion of the glenohumeral joint and creates a  wind-up  
effect so that the glenoid and scapula actually get pulled in a 
forward and inferior direction by the moving and rotating 
arm [ 8 ]. This can create an excessive amount of protraction 
of the scapula on the thorax as the arm continues into the 
horizontally adducted position in  follow through . Because of 
the geometry of the upper aspect of the thorax, the more the 
scapula is protracted in  follow through , the farther it and its 
acromion move anteriorly and inferiorly around the thorax. 
In all cases with suspected impingement, a careful examina-
tion of both passive and active motion of the shoulders in all 
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planes is needed. In those patients with limited internal rota-
tion and fl exion, a therapy programme should be directed at 
improving these motion planes. 

 The abnormal scapular biomechanics, occurring as a 
result of dysfunction, create an abnormal scapular position 
that decreases normal shoulder function and exposes the 
shoulder to injury if prevention strategies are not applied. 
The most common shoulder lesion in tennis players are 
‘superior labral tears (SLAP)’ and ‘rotator cuff tears’. 
Posterior or posterior superior shoulder pain is felt without 
mechanical symptoms usually described as occurring during 
the late cocking and early acceleration phases of the throw-
ing cycle. This is due to posterior superior glenohumeral 
instability directed by the posterior inferior capsular contrac-
ture as the shoulder abducts and rotates. The posterior supe-
rior shift of the glenohumeral contact and rotational point 
creates strain on the posterior superior labral glenoid inter-
face as well as allows for increased external humeral rotation 
which brings the undersurface of the posterior superior rota-
tor cuff in contact with the posterior superior glenoid margin 
resulting in the early symptoms of  internal impingement . 
The SLAP event occurs when the posterior superior labrum 
and biceps anchor fail in tension from their glenoid attach-
ments secondary to the capsular contracture mediated by 
posterior superior glenohumeral instability. Once the SLAP 
event has occurred, the thrower promptly develops mechani-
cal symptoms in late cocking and early acceleration phases. 
Once mechanical symptoms appear, the problem becomes 
surgical and will not be improved or solved conservatively. 
Conversely, prior to the  slap event , the symptomatic throw-
ing shoulder can usually be successfully treated by a series 
of focused posterior inferior capsular stretches to eliminate 
the contracture and strength exercises to rehab any concomi-
tant rotator cuff- and scapular stabilizer-deconditioned mus-
culature. After the development of mechanical symptoms of 
the SLAP lesion, if the thrower continues to throw, subacro-
mial and rotator cuff symptoms ensue due to contracture- 
mediated increasing posterior superior glenohumeral 
instability with secondary subacromial space restriction and 
increasing  internal impingement  events. This can lead the 
athlete, in the course of time, to a rotator cuff tear that have 
to be fi xed arthroscopically.  

3.2.2     The Elbow 

 Injuries to the elbow region in elite tennis players primarily 
involve repetitive overuse and centre on the tendonous struc-
tures inserting at the medial and lateral humeral epicondyle 
[ 9 ]. The reported injury rates for tennis elbow are quite high, 
with percentages ranging from 37 to 57 % in elite and recre-
ational players. Nirschl and Sobel also show higher rates of 
incidence in elite players on the medial side of the elbow 

from overload on the serve and forehand strokes compared 
with higher rates of lateral humeral epicondylitis in lower- 
level recreational players from the overload on the backhand 
ground stroke [ 10 ]. The most frequent injuries in profes-
sional tennis player occur on the medial side of the elbow 
such as medial epicondylitis and medial instability due to 
ulnar collateral ligament lesion (UCL lesion), a result of 
chronic overuse. When acute injuries do occur, they are the 
result of a traumatic event. With increased training, players 
may experience muscle fatigue. Due to this reason changes 
in mechanics placing could increase strain on the 
UCL. Muscular fatigue may lead to a decreased shoulder 
abduction angle that has been shown to place greater force 
on the medial elbow [ 11 ]. Chronic overuse leads to micro-
trauma and attenuation of the ulnar collateral ligament. 
Traction spurs and calcifi cation on the UCL are common 
radiographic signs of repeated injury on the medial side of 
the elbow. Progressive attenuation of the ligament ultimately 
results in an incompetent ligament and forms part of the con-
tinuum leading to valgus extension overload that ends with a 
medial instability. Players typically do not experience limita-
tions until trying to serve beyond 75 % of the full potential. 
Pain is most commonly reported during the late cocking and 
early acceleration phases of serving. Players with UCL 
insuffi ciency could have symptoms involving the ulnar 
nerve, resulting of traction, compression or irritation from 
the surrounding infl ammation in the setting of an incompe-
tent UCL. The exercises recommended for prevention of 
elbow injury focus on increasing the strength and particu-
larly the muscular endurance of the wrist and forearm mus-
culature. It is important to note that contrary to common 
beliefs among coaches, players and even medical profession-
als, power generation does not come from the wrist and fore-
arm in properly executed tennis strokes. Instead, the 
summation of forces from the entire body or kinetic chain 
produces the power that is transferred through the wrist, 
forearm and ultimately to the racquet head to generate power 
[ 12 ,  13 ]. Reliance on the forearm musculature for power 
generation is a common clinical hypothesis for the origin of 
elbow pathology in tennis players due to nonoptimal contri-
butions from other segments of the kinetic chain and poor 
overall stroke biomechanics and whole body fi tness [ 14 ].   

3.3     The Spine 

3.3.1     The Cervical Spine 

 Although often neglected by sports therapists, the cervical 
spine is one of the most complicated joint segments of the 
whole human body. The cervical joints help to sustain the 
head and ensure a large range of motion. Professional tennis 
players are frequently affected by cervical spine dysfunction 
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caused by the intense stresses applied to this area during 
play, especially during the serve. During the  initial wind-up  
and  early cocking phase  of the serve, the risk of trauma is 
statistically less frequent because of the slow controlled 
movements entailed. On the other hand, during the  late cock-
ing phase , the tennis player’s neck is subject to torsional 
stresses when in extension. When a right-handed player is in 
a position of cervical extension and rotation towards the 
right, the diameter of the intervertebral foramen, through 
which nerve roots pass, will be narrowed. The rotational 
stresses on this area predispose to trauma of the cervical 
facet joints, the surrounding nerves and soft tissues (cervical 
facet syndrome). This situation could compromise effective 
shoulder movements on the side of the dominant limb. Pre- 
existing cervical spine disorders would be exacerbated by 
the typical movements of the serve and predispose to second-
ary trauma. The compression and torsion exerted on the cer-
vical and upper thoracic spine during the  late cocking  phase 
continues into the subsequent ‘ acceleration ’ phase. During 
the fi nal phase of the serve, the so-called follow through, 
energy is absorbed and the athlete decelerates the arm–rac-
quet complex. Finally it is not uncommon to observe that 
impaired scapular girdle function is due to joint, muscle or 
neurological damage of the cervical spine [ 15 ].  

3.3.2     The Lower Back 

 The motions required in tennis include repeated fl exion, 
extension, lateral fl exion and rotation of the spine, and 
intense tennis play is generally held to be a risk factor for low 
back pain [ 16 ]. One of the motions that can particularly 
stress the spine in the elite player is the combined move-
ments of extension, lateral fl exion and rotation that are inher-
ent in the cocking or loading phase of the tennis serve. These 
combined repetitive motions have been shown to stress the 
lumbar spine and are believed to be a causative factor for 
spondylolysis (fracture of a specifi c region of the vertebrae 
termed the pars interarticularis) and spondylolisthesis (pars 
fracture with graded anterior migration of the vertebral body) 
identifi ed in many athletes in sports with repetitive extension- 
based movement requirements [ 17 – 19 ]. Tennis is no excep-
tion. Alyas et al. studied the spine of 33 asymptomatic, elite, 
adolescent tennis players (mean age 17.3 ± 1.7 years) [ 17 ]. 
Five players (15.2 %) had a normal magnetic resonance 
imaging examination, and 28 (84.8 %) had an abnormal 
examination. Nine players showed 10 pars lesions (3 com-
plete fractures), and 23 patients showed signs of early facet 
arthropathy. This study shows the impact of repetitive load-
ing on the adolescent spine even in asymptomatic elite-level 
players. Tennis players can suffer from lumbar disc disease, 
sciatica and facet syndromes secondary to the excessive 
repetitive loading as well [ 16 ]. To combat the effects of this 

loading, preventative conditioning strategies for tennis play-
ers include extensive core stability training. Similar to 
research on the shoulder, isokinetic profi ling studies of elite 
tennis players show characteristic muscle development likely 
induced from the sport-specifi c demands imparted to the ten-
nis players’ body [ 20 ,  21 ]. Roetert et al. tested elite junior 
players and found the trunk extension-to-fl exion ratio to be 
<100, indicating greater actual strength in the abdominals 
and trunk fl exors compared with the back extensors in these 
elite players [ 21 ]. Research on normal populations (nonath-
letes and non-tennis players) typically produces ratios 
>100 in the extension-to-fl exion ratio whereby the low back 
extensor strength exceeds trunk fl exor strength [ 22 ]. 
Ellenbecker and Roetert tested elite junior players and found 
symmetrical torso rotation strength using an isokinetic dyna-
mometer, indicating that healthy uninjured players should 
have symmetrical strength development in the directions of 
both left and right rotations [ 23 ]. These data provide insight 
into the training strategy for core stabilization in tennis play-
ers. Emphasis on both the fl exors and extensors must be 
given to ensure that balanced extensor and fl exor muscular 
development occurs as well as an emphasis on rotational 
exercise due to the predominance of trunk rotation inherent 
in all tennis strokes.   

3.4     Epidemiology and Mechanism 
of Lower Limb Injuries in Tennis 
Players 

3.4.1     The Ankle 

 A sprained or twisted ankle is one of the most common inju-
ries in tennis players, and it usually occurs as a consequence 
of a trauma (acute injuries) [ 1 ,  2 ]. The players have to run 
from one side of the court to the other, changing direction 
rapidly to strike the ball with their racquets. These sudden 
sideways movements that are required during the play can 
cause the ankle to twist, particularly if the surface is slippery 
or the player is fatigued. An inversion sprain is the most 
common sprained ankle injury and happens when the sole of 
the foot twists inwards, compressing the ligaments on the 
inside, such as the medial (deltoid) ligament, pulling or over-
extending the outer ligaments of the ankle. A twisted ankle 
can then cause damage to ligaments and other soft tissues 
around the ankle. The ligament most involved in ankle sprain 
is the anterior talofi bular ligament. Depending on the sever-
ity of the injury, the ligaments may be overstretched or torn, 
resulting in instability of the ankle. The symptoms are pain 
and swelling around the ankle, later followed by discolor-
ation of the skin. Once an ankle sprain occurred, the  ligaments 
in the ankle are weaker and reoccurrence of the injury is 
highly probable.  
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3.4.2     The Knee 

 Knee injuries can occur as a consequence of a trauma (acute 
injuries) or can be due to overuse (chronic injuries) [ 1 ,  2 ]. Acute 
injuries can occur after a knee twist that can lead to meniscus or 
ligament lesions. On the other hand, the most frequent chronic 
injury of the knee is the patellar tendinopathy (jumper’s knee) 
that is an overuse injury of the patellar tendon that results from 
repetitive overloading of the extensor mechanism of the knee. It 
is a common complaint in tennis players due to the explosive 
muscle contractions needed for the sprinting, jumping and quick 
changes of directions during tennis. Poor fl exibility of the quad-
riceps (thigh muscles) and hamstrings and variations in leg and 
foot type (knock knees, bow legs, fl at feet, etc.) can contribute 
to extra load on the tendon and development of jumper’s knee. 
Patellar tendonitis begins as infl ammation of the patellar tendon 
where it attaches to the patella. It can also progress by tearing or 
degeneration of the tendon. Players with jumper’s knee have 
pain in the area of the patellar tendon, usually near its attach-
ment to the patella, which is present during jumping, sprinting, 
serving and change of direction after running wide to reach a 
ball. It typically starts as a dull ache but can gradually increase 
over a period of time. Initially, the soreness is usually felt fol-
lowing a game or workout, but as the condition worsens, the 
player may feel stiffness, grinding and swelling in the knee.  

3.4.3     The Hip 

 Historically, injuries to the hip region were thought to focus on 
the powerful muscles that spanned not only the hip joint but also 
the knee joint (rectus femoris and hamstrings). An increased 
understanding of the evaluation and diagnosis of the hip has led 
to the identifi cation of other forms of hip pathology in tennis 
due to the impact loading and multidirectional movement pat-
terns and abrupt stopping, starting, cutting and twisting that 
occur in the lower extremities during tennis [ 24 ]. Injuries to the 
hip including femoroacetabular impingement and labral tears 
can occur in elite tennis players and require surgical treatment in 
some cases [ 25 ]. In addition to ensuring that proper fl exibility 
exists around the hip and pelvic girdle, exercises to provide 
greater stabilization to the hip joint and core are recommended 
to potentially decrease hip injury risk.      
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4.1             Introduction 

 Rugby is one of the most popular sports in the world and is 
played in more than 150 countries [ 1 ]. This sport is very 
popular in the UK, Ireland, Australia, France, South Africa, 
New Zealand and several Pacifi c Island nations including 
Fiji; it is played at junior, amateur, semi-professional and 
professional levels of participation, and also for media the 
Rugby World Cup must be considered the third sport event 
after Soccer World Cup and the Olympic Games. Worldwide 
there are now fl ourishing professional leagues in many coun-
tries, and after a long absence, rugby union will be returning 
to the Olympic Games in 2016. 

 Specifi cally rugby union is played with 15 players, 8 for-
wards and 7 backs. The game consists of three basic phases 
in which most injuries result:  scrum  occurs when opposing 8 
forwards (the pack) bind together (engagement) in a pyramid 
formation, the ball is put in play by the scrum half, and each 
team attempts to drive their opponents off the ball;  tackle  
occurs when a player, ball carrier, is held by an opponent or 
brought to the ground; and  ruck  (with the ball on the turf) or 
 maul  (with the ball in the hands of a player) is usually formed 
when a player is tackled.  Line-outs  occur when the ball goes 
out of fi eld and usually a ruck or maul is formed once posses-
sion is gained by one of the jumpers. The attack forms a plat-
form to protect the ball whilst the defence attempts to crash 
through the platform and either gain possession. 

 By spirit of the game, it is an intermittent collision sport 
characterised by large numbers of physical collisions and 
tackles, short repeated sprints, rapid acceleration, decelera-
tion and changes of direction and an ability to produce high 
levels of muscular force extremely rapidly [ 2 ]. 

 As such there is a risk of musculoskeletal injury occurring 
from the match and training environments due to the number 
of voluntary physical collisions and tackles that occur [ 3 ].  

4.2     Defi nition and Characteristics 
of Injuries 

 Defi nition of injury in rugby is the fi rst aspect to consider: 
the various authors consider the injury as “Any pain or dis-
ability that occurs during participation in rugby league match 
or training activities that is sustained by a player, irrespective 
of the need for match or training time loss or for fi rst aid or 
medical attention; an injury that results in a player requiring 
fi rst aid or medical attention is referred to as a ‘medical 
attention injury’ and an injury that results in the player being 
unable to partake in full part of future training and/or match 
activities is referred to a ‘time loss’ injury” [ 4 ,  5 ]. 

 In 2005 Brooks et al. published a large-scale epidemio-
logical study (546 players from English Premiership during 
2002–2003 and 2003–2004 seasons took part in the study), 
where they defi ned in detail injury profi le of match injuries 
in elite rugby union. According to the severity, an injury can 
be classifi ed as mild (left the fi eld or missed a match or both), 
moderate (missed from two to three matches) or severe 
(missed more than three matches) [ 6 ]. Best et al. in their 
“Rugby World Cup 2003 injury surveillance project” 
reported that 70 % of injuries were classifi ed as mild, 14 % 
as moderate and 16 % as severe. As expected, fractures and 
dislocations along with sprains caused the longest absence 
from the game. The most frequently injured body regions 
were the head, neck and face (33.7 injuries per 1,000 player 
game hours), followed by the ankle and foot (14 injuries per 
1,000 player game hours), the knee and the thigh [ 7 ]. 

 Brooks et al. in 2005 obtained that the incidence of new 
injuries (82 %) was signifi cantly higher than that of recurrent 
injuries (18 %), and the severity of recurrent injuries was sig-
nifi cantly higher than that of new injuries for forwards and 
backs. They also obtained that the two most common 
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 pathologies were muscle/tendon and joint (non-bone)/liga-
ment injuries [ 6 ]. In line with this data, Schneiders et al. 
found that the most common site of injury was the face 
(16 %), followed by the knee and the shoulder (both 14 %); 
however, the majority of facial injuries were classifi ed as 
slight, consisting of lacerations, bruises and epistaxis, com-
pared to knee injuries where more than half were classifi ed 
as either moderate, severe or season ending [ 8 ]. 

 About injury severity, it was described that “concussion 
and cervical nerve root injuries were the most common inju-
ries to tacklers, whereas shoulder injuries resulted in the 
greatest loss of participation”. Specifi cally, as described by 
Headey et al., shoulder injuries, anterior glenohumeral dislo-
cation and instability, caused the greatest proportion of days 
absent from sport than any other part of the body except the 
knee in professional rugby players [ 9 ]; in fact “Medial col-
lateral ligament (MCL) injury of the knee and lateral ankles 
sprains were the most common sprains; however, anterior 
cruciate ligament (ACL) injuries account for the highest 
number of days missed from Sport” [ 10 ].  

4.3     Incidence and Severity of Injuries 

 Specifi cally analysing the incidence of these lesions accord-
ing to the different roles of the players, Brooks reported that 
no signifi cant differences were found in the incidence of 
injury for forwards and backs, whereas other studies at club 
level have reported higher proportions or incidences of injury 
for forwards compared with backs in rugby union (65 and 
59 %) and rugby league (forwards, 139 injuries/1,000 player- 
hours; backs, 93 injuries/1,000 player-hours) [ 6 ,  11 ,  12 ]. 

 Greater contact and collision demands placed on for-
wards compared with backs and the signifi cantly greater 
body mass of forwards, which allows them to develop 
greater momentum, have been suggested as possible expla-
nations for the higher incidence of injury in forwards. 
Conversely, at the international level, the incidence of injury 
was reported to be lower for forwards than for backs, 
although the differences were not signifi cant [ 13 ]. The inci-
dences of most neck and spinal injuries were signifi cantly 
higher for forwards than for backs, and this may result from 
scrummaging and the higher exposures to contact activities, 
such as tackling, rucking and mauling, experienced by for-
wards compared with backs. ACL, MCL and knee meniscal/
articular cartilage injuries were particularly severe for both 
forwards and backs, a fi nding that was similar to previous 
studies. Specifi cally front-row players are subjected to the 
absorption and transmission of greater forces in scrummag-
ing than other forwards, and this may contribute to the 
higher risk of absence from shoulder, cervical nerve root, 
knee meniscal/articular cartilage, calf muscle and Achilles 
tendon injuries experienced by hookers. Midfi eld backs 

(centres) tend to experience more collisions than the other 
back line players, and this may explain the higher level of 
absence from shoulder dislocation/instability, wrist and 
hand fractures, cervical nerve root injuries and thigh haema-
tomas experienced by outside centres. In the Brooks study, 
the hooker and the fl y half were the most commonly injured 
players, and the right lock and open-side fl anker received 
the most severe injuries [ 6 ]. 

 On the contrary the overall incidence of non-contact inju-
ries was signifi cantly higher for backs than forwards. As 
reported in a 2013 study by Roberts, hamstring strains were 
the most common non-contact injury type. The higher inci-
dence in backs compared with forwards could be due to the 
greater sprint and high-intensity running loads (and therefore 
higher deceleration loads) undertaken by this positional 
group. Most hamstring injuries were sustained in the fi rst 
match quarter, indicating that an appropriate prematch warm 
up may be particularly important. Strategies to reduce ham-
string injuries should be given particular consideration as 
these injuries are likely to be infl uenced by intrinsic factors, 
which are potentially modifi able with appropriate training 
interventions and match warm-up exercises [ 14 ] (Fig.  4.1 ).  

 Epidemiological studies about rugby injuries include the 
analysis of incidence and severity of injuries both during the 
single match and during the season. From the Brooks results, 
during the match, incidence during the fi nal quarter was 
higher for players starting a match (114) than for replace-
ment players (87). The higher severity of injuries observed 
for backs in the third quarter was mainly because 75 % of all 
ACL injuries sustained by backs (average severity 204 days) 
occurred during this period; during the season, although 
there were no signifi cant differences in the monthly inci-
dences of in-season injury, there was a signifi cantly lower 
incidence of injury during preseason (August) matches com-
pared with the average incidence of injury for in-season 
matches: it probably refl ected the lower competitive nature 
of the matches (friendlies) played at this time of the season. 
Also in line with literature, the incidence was higher during 
the major club competitions than during second team 
matches. One reason suggested for the higher incidences of 
injury observed at higher standards of play is the more effi -
cient injury-reporting regimens available at elite clubs 
because of the superior standard of their medical support [ 6 ]. 
As suggested by Bird and Quarrie studies of 1998 and 2001, 
respectively, the greater body mass of players at higher play-
ing standards can also contribute to explain these differences. 
Other factors that may explain the differences include body 
composition, levels of player fi tness and strength, ball in play 
times and the more competitive nature of matches at higher 
standards. Bird obtained a detailed analysis: injury events 
that occurred in club competition games were 87 %, in pre-
season club games were 8 % and in representative games 
were 5 % [ 15 ,  16 ] (Fig.  4.2 ).   
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4.4     Mechanism of Specifi c Site Injuries 

 Many of the lesions of the musculoskeletal system that we 
fi nd in the game of rugby are absolutely similar to those that 
we can fi nd in other contact sports, so we wanted to deal with 
more specifi city three skeletal segments that, in our opinion, 
have a pathophysiology and a peculiar incidence in rugby 
players: the shoulder, cervical spine and knee. 

4.4.1     Shoulder 

 During a collision sport like rugby, forces applied to the 
shoulder can either be indirect with the player falling onto 

his outstretched hand and forearm or directly through a point 
of impact on the shoulder. Most common shoulder injuries 
include contusion, acromioclavicular injuries, glenohumeral 
dislocations, clavicle fractures, rotator cuff tears and muscle 
sprains, axillary nerve injuries and traumatic myositis ossifi -
cans [ 17 ]. 

 A number of mechanisms have been identifi ed for injuries 
to the shoulder and upper extremities. During a rugby match, 
tackling of an opponent can result in a number of impacts and 
forces to the shoulder and upper extremities [ 18 ] (Fig.  4.3 ).  

 McIntosh et al. identifi ed six different tackling methods, all 
resulting in impact or leveraging forces upon the shoulder [ 19 ]. 

 The most common method for tackling is performed from 
a crouched position with the arms abducted in attempt to reach 
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  Fig. 4.1    Its reported comparison 
in the incidence of injuries in 
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injuries site by Brooks (2002/03 
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2011/12 seasons) studies. Brooks 
considered only professional 
players, whilst Roberts three 
different levels of the game 
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recreational) [ 6 ,  14 ]       
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around the opponent’s trunk. This usually results in an impact 
directed to the anterior-superior surface of the shoulder and 
arms. This mechanism can result in a posteriorly directed 
force resulting in horizontal abduction of the arms and lever-
aging forces over the glenohumeral joint. Situations where 
direct impacts and the application of lever forces occur can 
lead to acromioclavicular joint separations, labral tears, gleno-
humeral dislocations and clavicle and scapular fractures. The 
other common tackling method is described as “arm tackling” 
where the players attempt to tackle the opponent by diving and 
reaching outwards to grab the ankle for a tripping tackle or 
grabbing the trunk to slow down or change the direction of the 
ball carrier [ 19 – 21 ]. Another method of tackling is described 
as “smothering” where the tackle is attempted from an upright 
position, wrapping the arms around ball carrier’s trunk and 
arm to trap the ball so that the ball carrier is unable to pass the 
ball during the tackling manoeuvre. Additional risk factors 
can be mentioned for shoulder injury when a tackle occurs, for 
example, the relative size and speed of the opponent, the direc-
tion of movement of the tackler as they approach their oppo-
nent and the forces delivered by other team members who are 
also attempting a tackle. Fuller et al. and King et al. have iden-
tifi ed greater risks for injuries when two tacklers are involved 
and when approaching the ball carrier from the side [ 22 ,  23 ].  

4.4.2     Cervical Spine 

 Cervical spinal injuries have always caused greater interest 
and concern, and more attention has been directed to the 

 aetiology of these injuries and their preventive measures. 
Injuries to the cervical column may include musculo-liga-
mentous strains, cervical vertebral injuries with or without 
neurological defi cit (disc injuries or herniations, cervical 
fractions, subluxations, dislocations), brachial plexus inju-
ries and central cord damage [ 17 ]. 

 Due to the large number of collisions commonly occur-
ring at the scrum, ruck and maul, as well as in tackles [ 19 , 
 22 ] and fatiguing nature of the game, cervical spine injuries 
are common at all levels of the game [ 24 – 26 ]. Cervical spine 
injuries in the scrum could be due to forces greater than two- 
thirds of a tonne being spread across the front row [ 27 ], and 
these forces may contribute to the neck being forced into a 
hyperfl exed or hyperextended position [ 28 ,  29 ]. At the ruck 
and maul, cervical spine injuries may be caused by the neck 
being forcefully positioned into fl exion whilst the player is 
in a vulnerable position such as being on the ground [ 28 ]. 
Finally, with reference to tackling, both the ball carrier and 
tackler are at risk of cervical spine injury. Under normal cir-
cumstances, the forces transmitted to the cervical spine are 
dissipated by energy capabilities of muscles, discs and, to a 
lesser extent, ligaments. When a force applied to the cervical 
spine exceeds the elastic capabilities of involved structures, 
injuries occur. Mechanical input to the head and neck can 
either be slow (static loading) occurring gradually or, more 
commonly, rapidly (dynamic loading) during impact on the 
head. With neck fl exion the normal lordosis is obliterated. As 
the spine becomes a straight column, forces are transmitted 
directly to the vertical discs and ligaments rather than to the 
muscles. When maximum vertebrae compression deforma-
tion is reached, the structure becomes unstable and buckles. 
Compressive fractures develop and discs and ligaments fail 
subsequently. Hyperfl exion, developing in rugby-playing 
facets like the scrum must still be regarded as an important 
mechanism of injury. Hyperfl exion precedes cervical sublux-
ation and facet dislocation [ 17 ] (Fig.  4.4 ).  

 Shelly et al. in their study about spinal injuries in rugby 
reported that “Interestingly, there are national differences in 
the proportion of injuries occurring in the different phases of 
play. In South Africa and Ireland there are fewer injuries in 
the scrum and more in the tackle, whereas in Argentina and 
Australia, scrums account for the majority of injuries. The 
explanations for these geographical differences are not clear, 
but this discrepancy does indicate that different preventive 
measures need to be emphasised in different countries” [ 29 ]. 

 Different approaches may be considered to reduce the inci-
dence of cervical spine injuries in rugby union: rule changes 
[ 25 ,  30 ] and correct tackling technique [ 19 ,  31 ] have been sug-
gested to reduce the risk of cervical spine injury [ 32 ]. 

 Since the modifi cation of these rules, there has not been a 
serious scrum-related cervical spine injury in Australian 
rugby. In a New Zealand study, Burry and Gowland [ 33 ] also 
showed a threefold decrease in the incidence of cervical 

  Fig. 4.3    During the tackle, a posteriorly directed force can result, in 
horizontal abduction of the arms and leveraging forces over the gleno-
humeral joint       
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spine injuries when similar rules were adopted to slow the 
pace of scrum engagement [ 34 ]. 

 Another approach that has been suggested to decrease 
these injuries is strengthening the neck musculature [ 6 ,  24 ,  35 ]. 
It may be postulated that increased muscle strength may help 
to dampen the deceleration of the neck into the end- range 
positions that cause damage to soft tissues [ 32 ].  

4.4.3     Knee 

 As reported by Dallalana et al. in their study published in 
2007, “the knee was not the most common injury location… 
but it caused the largest proportion of total days absent 
(21 %) from playing and training compared with injuries 
sustained to other body parts”. The incidence of knee injuries 
sustained during match play (11.0 injuries per 1,000 player- 
hours) was signifi cantly higher than the incidence during 
training (0.16 injuries per 1,000 player-hours). The most 
common knee injuries were MCL injuries and minor inju-
ries, predominately soft tissue hematomas or a loosely 
defi ned “sprain or jar” of the knee. 

 The incidence of ACL injuries in matches and training was 
lower than all other knee injury categories; however they had 
the greatest average severity and consequently caused the 
highest proportion of days absent from playing and training 
due to knee injuries. MCL injuries and chondral/meniscal 
injuries also caused a high proportion of the days of absence 
due to knee injuries. A higher proportion of match knee inju-
ries were sustained in contact (72 %) than in training (48 %); 
ACL, MCL and other minor injuries occurred more often in 
contact than the other injury categories for both match play 
and training. The most common match injury mechanism was 

being tackled, for all injury categories except patellofemoral/
extensor mechanism injuries. Angular forces across the knee 
incurred during a tackle or collapsed maul are high and suf-
fi cient to cause signifi cant collateral ligament injury, although 
none of the injuries required surgical repair or reconstruction 
of the MCL. A greater proportion of the ACL injuries to pro-
fessional rugby union players in the mentioned study (86 %) 
were sustained during contact with other players. This dispar-
ity may result from the fact that a larger proportion of actual 
playing time is spent in some form of contact or in collision 
with other players than in other “non-contact” sports such as 
soccer and handball; it therefore follows that more injuries of 
all types, including ACL injury, will occur during contact. 
Furthermore, they can involve acts of cutting or pivoting at 
speed, often whilst being thrown off balance. However, the 
exact mechanisms of these high-risk injuries need to be 
examined in greater detail using video analysis and three-
dimensional modelling. ACL injuries (89 %; one partial tear 
was not reconstructed) and chondral/meniscal injuries (49 %) 
required operation most frequently, resulting in a signifi cantly 
greater absence from playing and training compared with 
injuries that were not operated on. 

 Despite the severe stress from sagittal trauma from ante-
rior to posterior during a tackle, isolated posterior cruciate 
ligament (PCL) injuries are lesions infrequently found [ 36 ]. 
This type of injury is commonly misdiagnosed, often being 
classifi ed as a minor sprain/jar or remaining undiagnosed. 
The nature of rugby produces frequent episodes of landing 
heavily on the fl exed knee and forced hyperextension. The 
low-severity scores for these injuries and the lack of surgical 
involvement is consistent with the general belief that athletes 
either cope well with a minor degree of chronic PCL or pos-
terolateral corner injury or that the injury heals satisfactorily. 
Torn menisci or chondral injury accounted for 20 % of all 
days lost, and a high proportion of these injuries were recur-
rent (33 %) compared with all knee injuries (17 %). There 
was, perhaps not surprisingly, a trend for the incidence of 
chondral/meniscal injuries to be higher in older players. 
Many older rugby players continue active competition with 
knees showing high-grade degenerative changes, injury to 
articular surfaces and menisci and possibly a degree of PCL 
laxity often being the precursors. These players seem to have 
the ability to “play through” the condition, which would in 
other sports be career limiting [ 10 ].   

    Conclusion 

 Several studies have tried to defi ne incidence, nature, sever-
ity and causes of rugby injury sustained by professional 
players, and also the senior authors in the past have dealt 
with the epidemiology of rugby, but in the later years, in 
order to make the game more spectacular and continuous, 
rugby rules are changed and consequently tactics, strate-
gies and tips: defensive phase must be aggressive in the 

  Fig. 4.4    In rugby scrum, the cervical spine hyperfl exion must still be 
regarded as an important mechanism of injury with subsequent facet 
subluxation and/or dislocation       
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aim to claw back the ball, making immediately a counter-
blast during a vulnerable phase of the opponent team, and 
the tackle is made for stopping the antagonist but better 
made on the ball so that he cannot pass the ball. During 
the attack phase, the player ball carrier must gain ground, 
but when he is tackled, as they fall over, fl ip up (offl oad) 
the ball to a player in support in a space to go through 
(interval space), making a powerful tool to attack behind 
the defensive line in so-called continuous attacking, 
avoiding ruck and maul which however results centupli-
cate. More recently we observed that all players, although 
with evident anthropometrical differences, must be able 
to do a lot of technical movements with the same effi -
ciency (i.e. rolling tackles, offl oad) in attack phases and in 
defensive one: nowadays rugby players are athletes which 
could play in more than one role, and so in the future there 
may be no signifi cant differences in injury frequency and 
severity as function of playing position (Mascioletti M, 
2014, personal communication). 

 In the Brooks study, incidence of injury was lower than 
that reported previously for rugby union, whilst it was 
higher than that reported previously in professional ice 
hockey, soccer and cricket. 

 Mainly, because of the respect for opponents and the 
rules of the game the referee enforces strictly and without 
diffi culty, only 6 % of all injuries were caused by foul 
play and most injuries (72 %) were sustained during con-
tact with another player [ 6 ]. 

  Taking this into account, we could say that the inci-
dence of musculoskeletal injury in rugby is lower than we 
could aspect, having in mind that there are continuous 
high-energy contacts occurring from the match and train-
ing environments due to the number of voluntary physical 
collisions and tackles that occur (Fig.  4.5 ).     
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         A fi rst and important step in sports injury prevention is an 
accurate identifi cation and description of the  epidemiology  of 
this kind of injuries; it is fundamental also to determine their 
etiology and  traumatic mechanisms  [ 1 ]. Basketball is popular 
not only in the United States but worldwide; it is one of the 
most practiced sports in Italy, and its diffusion has led to a 
greater focus on associated injuries and how to prevent/treat 
them [ 2 – 4 ].  Basketball  was created in 1891 as a noncontact 
sport. Evolution of the game has progressed signifi cantly and 
modifi ed its characteristics, from low post play to high-fl ying 
dunks. The physical nature of the game has become extremely 
aggressive, and the seasons even longer. Nowadays basket-
ball-correlated injuries are frequent on all levels, high school 
competition, collegiate level, adult professional players, and 
amateur players; injuries mainly occur during contact between 
players [ 5 – 10 ]. There are small differences between the 
American NBA (National Basketball Association) rule book 
and the FIBA Europe (Fédération Internationale de Basketball 
Association) one; probably these differences could change 
the characteristics of the game, but it is not proved that this 
infl uences the injury risk or pattern [ 3 ]. During the game the 
players are jumping, landing, pivoting, cutting, running for-
wards and backwards, changing directions many times, and 
having contacts with each other; all of them could lead to an 
injury (Fig.  5.1 ) [ 11 ,  12 ]. McKay et al. described three impor-
tant injury risk factors: a history of ankle injury, players wear-
ing shoes with air insoles, and players who didn’t do stretching 
before the game [ 13 ].  

 Also playground, surfaces, and sports equipment infl u-
ence the pattern of injury [ 14 ]. Competitions have a bigger 
injury ratio than practice, both in professional and amateur 
basketball categories [ 5 ,  15 ]. Related to training time, differ-
ent authors showed that those who train longer have more 

injuries compared with those who train less. Probably the 
increased exposure may be related to an increased risk of 
injury due to repetitive and cumulative trauma [ 7 ,  16 ,  17 ]. 
Different data analysis observed that most basketball injuries 
resulted in at least 10 consecutive days of restricted or total 
loss of participation [ 6 ]. 

 Position played by an athlete and anthropometric charac-
teristics are other potential factors that infl uence the risk of 
injury. A center is most of the time under the basket in a 
high–player density area and is thus more at risk for contact 
injury than a player at the periphery, such as a point guard or 
forward [ 18 ,  19 ]. An analysis on Brazilian professional bas-
ketball players showed that the highest number of injuries 
concerned center players (44.1 %), followed by forwards 
(35.3 %) and guards (20.6 %). Center players suffered hand, 
chest, and abdomen trauma and sprained ankle more than 
others, mostly after he moves in the free-throw lane and has 
more physical contact to catch rebounds or for short shots. 
On the other hand, they have less nontraumatic injuries, 
probably because their movements are not as intense as for-
wards and guards, who presented a high rate of nontraumatic 
injuries [ 20 ]. 

 In basketball lower extremity injuries predominate; the 
ankle is the most frequently injured anatomic site and spe-
cifi cally ankle sprains representing the most common injury 
(Fig.  5.2 ) [ 6 ,  8 ].  

 Injuries to the distal lower extremity have a multifactorial 
etiology; there is an interaction of psychological, physiologi-
cal, biomechanical, and anthropometric factors. It was 
observed that the tissue composition of the leg, specifi cally 
the ratio of fat mass to bone mineral content, is related to 
distal lower extremity injury. The bone mineral content and 
stiffness of the lower extremity are also inversely correlated 
to the playground surface with no clear consequences in 
shock experience [ 21 – 23 ]. 

 Knee and back injuries are also relatively prevalent, 
whereas injuries at the hip and groin occur less frequently 
[ 8 ]. In the upper extremity, hand and wrist injuries are most 
commonly encountered [ 5 ,  6 ]. 

      Basketball: Epidemiology 
and Injury Mechanism    

           Marco     Bigoni     ,     Diego     Gaddi     , and     Massimiliano     Piatti    

  5

        M.   Bigoni      (*) •    D.   Gaddi      •    M.   Piatti      
  Orthopedic Department ,  San Gerardo Hospital, 
Milano-Bicocca University ,   Monza   20900 ,  Italy   
 e-mail: marco.bigoni@unimib.it; 
diegogaddi@virgilio.it; massimiliano_piatti@hotmail.com  

mailto:massimiliano_piatti@hotmail.com
mailto:diegogaddi@virgilio.it
mailto:marco.bigoni@unimib.it


34

 Both in male and female, young and adult players, there 
are commonalities and differences in injury patterns [ 2 ,  3 , 
 24 ,  25 ]. Some studies state that female athletes have increased 
risk for injury; however in literature there is no unambiguous 
consent regarding this statement [ 26 – 29 ]. 

 Characteristics of children basketball players’ musculo-
skeletal system make them vulnerable to injuries unseen in 
adults. Open physis trauma could result in fractures, while 
in an adult we see strains and sprains because tendons, liga-
ments, and capsules are stronger than physeal cartilage. 
The physis is particularly vulnerable during times of rapid 
growth. The pull of a strong tendon near a growth center 
can result in repetitive traction injury, as occurs in the 
Osgood–Schlatter lesion. In a rapidly growing child, there 
could be differences in growth rates of bones and soft tis-
sues which can result in a loss of fl exibility and coordina-
tion and muscle imbalances [ 30 – 33 ]. Following gender 
comparisons of young basketball players, boys are more 
predisposed to lacerations, fractures, and dislocations, 
whereas girls suffer mainly traumatic brain injuries, 
sprains, strains, and soft tissue injuries, and frequently 
knees and upper extremities are involved. Randazzo et al. 
described in their data how upper extremity injuries (spe-
cifi cally to the fi nger) and traumatic brain injuries are more 
common in younger children (5–10 years of age), whereas 
lower extremity injuries (specifi cally to the ankle), sprains 
and strains, and lacerations are more frequent in older chil-
dren and adolescents (15–19 years of age) [ 34 ]. 

5.1     Acute Injuries 

 As  acute injury  we defi ne any basketball accident requiring 
minimum care and causing the absence of the injured player 
for at least one training or game session [ 35 ]. 

5.1.1     Ankle Sprains 

  Ankle  sprains are the most common acute injuries in adult as 
well as young basketball players, both in professional players 
and amateur players. The risk of ankle sprains is higher during 
games than during training and more likely in offense than 
defense [ 3 ,  6 ,  8 ,  24 ,  36 – 38 ]. Lateral ankle sprains predominate 
over medial sprains, and some researchers refer to ankle sprain 
as exclusively an injury of the lateral ligament complex [ 39 –
 41 ]. The most frequent traumatic mechanism in lateral sprains 
is an inversion injury with the foot in slight plantar fl exion. 
This happens mostly when one player steps on the foot of 
another player rolling the ankle inwards or when the player 
lands awkwardly. Cutting, turning, and pushing off awkwardly 
are other common causes for ankle sprains. The anterior talo-
fi bular ligament is most commonly injured followed by the 
calcaneofi bular ligament. Eversion injury is much less com-
mon, occurring secondary to either dorsifl exion with eversion 
or external rotation of the foot. Nevertheless, eversion injuries 
may be relatively serious because the deltoid ligament, ante-
rior tibiofi bular ligament, and interosseous membrane may be 
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involved with the  disruption of the ankle mortise [ 3 ,  39 ,  40 ]. 
Magnetic resonance imaging (MRI) is useful to confi rm liga-
ment defi ciency and to detect injuries that are radiographically 
occult, including chondral or osteochondral injuries of the 
talar dome [ 40 ,  42 – 44 ]. 

 Ankle taping and bracing, high-top shoes, and balance 
training show in different studies a protective effect on the 
rate of ankle sprains in basketball; they are particularly effec-
tive in players with prior ankle injuries. Thacker et al. found 
semirigid ankle braces to be effective in preventing ankle 
sprain and that braces do not adversely affect performance 
[ 13 ,  45 – 49 ]. A lot of ankle sprains sustained during basketball 
become recurrent, and a large part of these players perceived 
mechanical instability and persisting symptoms [ 50 ,  51 ]. 

 It’s very important to evaluate ankle injuries and fractures 
in child athletes accurately due to the presence of open 
growth physes and make sure to exclude a Salter I fracture of 
the distal fi bula, which may only be suggested on radio-
graphs by soft tissue swelling adjacent to the injured growth 
plate [ 52 ]. 

 A lot of acute foot injuries are associated to an ankle 
sprain. These injuries include avulsion fractures of the navic-
ular, avulsion fractures of the base of the fi fth-ray metatarsal 
(secondary to inversion stress), avulsion at the origin of the 
extensor digitorum brevis muscle from the lateral calcaneus, 
fractures of the anterolateral process of the calcaneus (typi-
cally occur with the foot abducted and plantar fl exed), frac-
tures of the anterolateral process of the calcaneus, os 
trigonum fractures, and tear of the superior peroneal retinac-
ulum (SPR) with peroneal tendon subluxation (it may occur 
during acute dorsifl exion with strong contraction of the pero-
neal muscles to prevent further dorsifl exion) [ 42 ].  

5.1.2     Knee Ligament Acute Injuries 

 The mechanism of injury to the  anterior cruciate ligament  
(ACL) in basketball is more commonly noncontact, deceler-
ation and sudden change in direction that may cause 
 abnormal rotation of the tibia, resulting in ACL injury. 
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Furthermore valgus  knee  collapse occurs more frequently in 
women [ 53 ,  54 ]. 

 Different studies show a strong female predilection in 
ACL injury in basketball players; different meta-analysis of 
the incidence of ACL injury as a function of gender and sport 
reveal a female to male ratio of 3.5:1 [ 7 ,  25 ,  55 ,  56 ]. The fol-
lowing risk factors can explain this increased risk of ACL 
injury in female adult and young athletes: a heavy risk in the 
preovulatory phase of the menstrual cycle, decreased inter-
condylar notch width on radiographs (this factor is not con-
fi rmed in professional male basketball players), and a 
predisposition to increased knee abduction on landing in 
female athletes [ 33 ,  57 ,  58 ]. 

 A common pattern of ACL injury for a skeletally imma-
ture athlete is an avulsion fracture of the tibia, or less com-
monly the femur, at the site of ACL attachment, as the 
chondro-osseous junction is the weakest part of the ACL 
complex [ 33 ]. 

 ACL tear is a serious injury with signifi cant loss of playing 
time and long rehabilitation after surgical repair. Although 
many competitive basketball players return to action after 
ACL reconstruction, Busfi eld et al. showed that 22 % of NBA 
players didn’t return to compete and 44 % of those who 
returned experienced a lower player effi ciency rating [ 59 ]. 

 Injuries to the posterior cruciate ligament (PCL) are 
extremely rare in basketball; the mechanism in an athlete typi-
cally involves a fall on the shin or a hyperextension injury [ 60 ]. 

 Avulsion of the tibial tubercle in a young athlete has been 
well described among basketball players and may occur 
bilaterally. The mechanism involves violent knee fl exion 
against a tightly contracted quadriceps muscle or violent 
quadriceps contraction with a fi xed foot [ 33 ].  

5.1.3     Hip and Pelvis Acute Injuries 

 Compared to ankle and knee injuries, injuries to the pelvis, 
hip, and upper thigh are moderately common in basketball 
players. According to the National Collegiate Athletic 
Association (NCAA) and NBA, injuries to the pelvis, hip, 
and upper leg accounted for approximately 10 % of game- 
related injuries and 11 % of injuries sustained during prac-
tice. In all data thigh injuries are more prevalent, and the 
specifi c injuries identifi ed were musculotendinous strains 
and contusions [ 2 ,  6 ,  41 ]. Although there is a heightened 
understanding of intra-articular hip pathology, most athletic- 
related injuries to the hip are extra-articular [ 10 ]. Most inju-
ries occurring about the pelvis, hips, and upper thighs were 
composed of musculotendinous strains and contusions, 
which included adductor and rectus abdominis strains, ham-
string injuries, and thigh muscle contusions. Hamstring and 
adductor tears have been shown to be predominately proxi-
mal and constitute injury about the hip rather than the knee 

[ 61 ,  62 ]. The quadriceps is the most commonly injured (con-
tusion/strain) structure and has signifi cant game-related 
injury rate compared with other structures. The hamstring 
muscle group was the most frequently strained as result from 
dynamic overload/eccentric contractions. Jackson et al. dem-
onstrated in their statistical analyses that strains were most 
frequent in the fi rst month of the season (the preseason) and 
the cumulative risk is related with length of the player career 
and of each season [ 10 ].  

5.1.4     Upper Extremity Acute Injuries 

 Upper extremity injuries, overall, accounted for 12–13 % of 
injuries sustained at both the high school and professional levels 
of play [ 5 ,  8 ]. Hand and arm injuries predominate over injuries 
to the shoulder or elbow [ 63 ]. The fi ngers and thumb represent 
the most likely site of acute fracture in basketball players, and 
the proximal interphalangeal joints (PIP) are the most frequently 
injured sites [ 7 ]. “Dunk lacerations” have also been described in 
basketball players. These injuries occur secondary to the impact 
of the player’s hand with sharp edges of the rim or with the 
fl ange connecting the rim to the backboard [ 64 ]. A mallet fi nger, 
also known as a hammer fi nger, is a very common basketball 
injury that disrupts the extensor mechanism at the distal inter-
phalangeal joint. The mechanism is typically an axial load on a 
partially fl exed fi nger, usually a ball striking the tip of the fi nger. 
In a young athlete, an avulsion fracture of the epiphysis is more 
likely than a rupture of the extensor tendon. Other hand/fi nger 
injuries may also include tears of the volar plate (sometimes 
associated with an avulsion fracture), metacarpophalangeal 
joint injuries (thumb’s ulnar collateral ligament tear is very 
common), and carpometacarpal joint injuries [ 65 ,  66 ]. It’s an 
accepted opinion that for young children, age-appropriate bas-
ketballs should be used, which may decrease the rates of con-
cussions and fi nger-related injuries, and rough play should be 
discouraged, to minimize collisions [ 34 ]. 

 Shoulder injuries sustained during basketball are uncom-
mon. In the NBA, the most frequently identifi ed shoulder inju-
ries were glenohumeral sprain, acromioclavicular joint sprain, 
and rotator cuff infl ammation. In a review of shoulder injuries in 
high school athletes between 2005 and 2007, the incidence was 
0.47 injuries per 10,000 exposures for boys and 0.45 injuries per 
10,000 exposures for girls. Injuries were much more commonly 
sustained during competition than during practice, with most 
injuries occurring during defending and rebounding [ 8 ,  67 ].  

5.1.5     Wrist Acute Injuries 

 Wrist injuries are most typically the consequence of falling 
on an outstretched hand. The location of a fracture following 
this type of fall depends on the angle of the wrist upon hitting 
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the ground as well as the age of the patient at the time of 
injury. If the wrist is more fl exed, the athlete is more likely to 
sustain a scaphoid fracture. If the wrist is more extended, he 
or she is more likely to suffer a distal radial or ulnar fracture. 
Also, the risk of scaphoid fracture in children increases as 
the bone matures [ 68 ,  69 ]. 

 Ligamentous wrist injuries can include injuries to the tri-
angular fi brocartilage complex (TFCC). This type of injury 
may occur due to acute trauma or repetitive injury. When 
acutely injured, the mechanism is often related to axial load 
bearing with rotational stress, often during a fall on an out-
stretched hand [ 68 ].  

5.1.6     Back Acute Injuries 

 Back injuries in basketball players accounted for 6.8 % of all 
injuries sustained by NBA players over a 10-year period but 
represented 11 % of all days missed. Back muscle strain was 
the most common presentation; disk rupture/herniation was 
far less prevalent. Cervical spine injuries were signifi cantly 
less common than lumbar injuries, accounting for 1.3 % of 
injuries overall. Sacral injuries amounted to 0.6 % of the 
total and thoracic spine injuries 0.5 % of the total [ 8 ].   

5.2     Overuse Injuries 

 As  overuse injuries  we defi ne those causing physical dis-
comfort with an insidious onset; they cause pain and/or stiff-
ness and can potentially affect the player during and/or after 
the basketball activity [ 3 ]. 

5.2.1     Ankle, Foot, and Lower Leg 
Overuse Injuries 

 MRI is considered the gold standard for early diagnosis of 
stress injury. Osseous stress fractures occurring below the 
knee in the basketball player frequently involve the tibia or 
the distal fi bula, the latter most common approximately 5 cm 
proximal to the tip of the lateral malleolus. Stress fractures 
may also be observed, albeit less commonly, in the tarsal 
navicular, calcaneus, metatarsals, and cuneiforms [ 70 ]. 

 Tibial  stress fractures  most commonly involve the pos-
teromedial cortex, a pattern of injury most commonly seen in 
athletes participating in running sports. Athletes involved in 
jumping sports such as basketball can develop a more spe-
cifi c stress fracture involving the anterior tibial cortex. For 
stress fractures of the posteromedial surface, the prognosis is 
generally good with conservative management. The progno-
sis is worse if the fracture involves the anterior tibia, as these 
have a higher rate of nonunion or progression to complete 

fracture [ 71 ,  72 ]. Potentially modifi able risk factors for stress 
fractures in female basketball players include low cardiore-
spiratory fi tness, lack of resistance training, poor nutrition 
(e.g., low calcium intake, negative energy balance), men-
strual dysfunction, shoes, and less time to recover with hard 
off-season workouts [ 73 – 75 ]. 

 One severe foot injury in basketball players, which may 
result from overuse, is the Jones fracture. The Jones fracture 
is located at the diaphyseal-metaphyseal junction of the 
proximal fi fth metatarsal and results from the abnormal load-
ing of the lateral foot when the heel is elevated and the meta-
tarsophalangeal (MTP) joints are hyperextended [ 76 ]. Jones 
fractures may be slow to heal, and they have a high rate of 
nonunion when treated nonoperatively [ 77 ]. 

 Several soft tissue conditions in the lower leg and foot of 
basketball players may result from overuse. Achilles tendi-
nosis may be both insertional and non-insertional in loca-
tion. At the ankle and hindfoot, plantar fasciitis is not 
uncommon, and anterior ankle impingement may be a sequel 
of chronic lateral ankle sprains with ligament injury. 

 At the forefoot, sesamoid and MTP joint injuries, synovi-
tis, and adventitial bursa formation may be observed [ 42 , 
 76 ]. Sports-related Achilles tendon rupture peaks in the 
fourth decade. Degenerative change is usually present in 
complete rupture, and most ruptures occur 2–6 cm above the 
calcaneus, where the blood supply is lowest, and fl ow 
decreases with age [ 78 – 80 ]. Achilles tendon injuries occur 
when signifi cant forces are translated through a malaligned 
tendon with a dorsifl exed foot and an extended knee. Of the 
18 players identifi ed by Amin et al. over 23 NBA seasons, 
only 44 % were able to return to play for longer than 1 sea-
son after their surgical repair. Those who did return to play 
did not perform as well as their control-matched peers [ 81 ].  

5.2.2     Knee Overuse Injuries 

 Overuse injuries at the knee predominate at the extensor 
apparatus. Some investigators consider the entity jumper’s 
knee to apply to tendinosis occurring anywhere along the 
 extensor mechanism  from quadriceps tendon to the tibial 
tubercle and not exclusively to that involving the proximal 
patellar tendon [ 82 ]. In a 10-year prospective study of injury 
and illness in the NBA, patellofemoral infl ammation 
accounted for 8.1 % of orthopedic injuries [ 8 ]. 

 Eccentric muscle contraction inherent in sudden decelera-
tions and jumping can result in extensor mechanism injuries, 
including the patellofemoral joint. These mechanisms may 
lead to microscopic tendon tear, especially in the proximal 
patellar tendon. Similarly, excessive force generated across 
the patellofemoral articulation may result in overuse injury, 
especially in people with underlying joint malalignment. 
Heavy and long-standing abnormal stress may even lead to 
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patellar or quadriceps tendon rupture or patellar stress frac-
tures [ 82 ]. Early patellofemoral arthrosis in basketball play-
ers may be asymptomatic. Whether or not symptoms are 
present, patellofemoral chondromalacia may manifest as 
cartilage signal alteration, fi ssuring, or fi brillation. Focal car-
tilage defects along patella and trochlea may be observed, 
often with underlying subchondral cysts or bone marrow 
edema [ 83 ]. 

 A repetitively strained attachment of tendon to bone can 
develop traction apophysitis. Sinding-Larsen-Johansson 
lesion occurs at the junction of the inferior patella and the 
patellar tendon and most commonly occurs in athletes 
between the ages of 10 and 14 years. The Sinding-Larsen- 
Johansson lesion (chronic injury) must be differentiated 
from an inferior patellar sleeve avulsion injury (acute injury). 
The Osgood-Schlatter lesion occurs at the insertion of the 
patella tendon to the tibial tuberosity. This typically concerns 
boys between 11 and 15 years and sports participation during 
a rapid growth spurt [ 33 ].  

5.2.3     Hip and Pelvis Overuse Injuries 

 Hip stress fracture is exceedingly rare in the basketball sport. 
In addition, very few players presented symptoms of internal 
derangement at the hip. Awareness of intra-articular disor-
ders such as femoroacetabular impingement and labral tears 
has increased substantially over the last decade. Some 
authors have suggested that adductor strain with rectus strain 
can occur in the setting of labral tears in what has been called 
the “sports hip triad,” and we know from different epidemio-
logical study that adductor strains in basketball are very 
common [ 10 ,  84 ].  

5.2.4     Back Overuse Injuries 

 Careful evaluation of the posterior spinal elements, particu-
larly at L5, is critical on cross-sectional imaging studies, 
even in the absence of spondylolisthesis. Pars interarticularis 
defects are an important cause of back pain in young ath-
letes, including basketball players [ 85 ].      
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6.1             Introduction 

 Football is the most popular sport in the world; according to 
data provided by the Federation of International Football 
Associations (FIFA), it counts 250 million members across 
the fi ve continents. In this huge movement, the numerical 
contribution of young players is relevant, as well as the 
increasing number of women who are dedicated to this sport. 

 This massive participation has stimulated research and 
scientifi c activity on football injuries. Most of the play-
ers have to suspend periodically their activities in order to 
undergo medical treatment, surgery and rehabilitation fol-
lowing an injury, and this time out of the fi eld may cause 
to the player a signifi cant physical and psychological dis-
comfort. Therefore, research on football injuries has signif-
icantly increased in the last decades. Initially, most of the 
efforts have focused on the study of injury treatment; how-
ever, despite a better comprehension of the physiopathol-
ogy of sport injury, new scientifi c fi ndings have a limited 
impact on the return-to-play time and the recurrence rate. 
Therefore, it has become clear that preventing injuries may 
be the main way to decrease the absence of the athlete from 
the competitions. 

 Many accidents are unpredictable; they are a natural part 
of the characteristics of a sport that requires speed, strength, 
explosiveness, but also physical contacts with the opponent. 
However, many injuries can be avoided; conducting injury 
surveillance studies is the fundamental fi rst step in order to 
implement adequate programmes of prevention. A scientifi -
cally validated knowledge of the injury incidence and pat-
terns will lead to a correct evaluation of their risk factors 
and therefore to the implementation of adequate prevention 
programmes. 

 It is necessary to underline how in football, even at pro-
fessional level, while many efforts are focused on continuous 
improvement of the physical, technical and tactical perfor-
mance, less is done in terms of injury prevention. This is at 
least curious, considering the impact of injuries on players’ 
health and performance and therefore on club fi nances. 
Recent researches have emphasised this, proving how inju-
ries impact the team success: the higher the number of inju-
ries in a team, the lower the results of that team during that 
season [ 1 ,  2 ].  

6.2     Football Epidemiology 

 Epidemiology is the science studying the incidence and the 
patterns of injuries that occur during sport activities. 
Knowing injury incidence and patterns is the fundamental 
fi rst step in order to implement an adequate programme of 
prevention. However, sometimes it is diffi cult to compare 
researches as they are based on a different methodology. 

 Epidemiological surveys on football injuries have been 
implemented in Europe since the end of the seventies, in par-
ticular in the Northern countries [ 3 ,  4 ]. These researches 
described football injuries showing for the fi rst time the pos-
sibility of reducing their incidence [ 5 ,  6 ]. In the last three 
decades, professionalism in football has increased, and 
injury surveys have been performed at all levels of football: 
amateur [ 7 ], semiprofessional [ 8 ], professional [ 9 ] and elite [ 10 ]. 
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Moreover, they have been performed also at youth level [ 11 ] 
and in women football [ 12 ] and implemented in many extra-
European countries [ 13 ].  

6.3     Methodological Considerations 

 Unfortunately, researches on football epidemiology have 
often employed different methods of data collection. These 
differences make diffi cult to interpret the fi ndings, which can 
also be very different, in a comparable manner. In the last 
few years, experts have provided guidelines on injury defi ni-
tions and collecting procedures [ 14 ] allowing comparisons 
of the results from more recent research, permitting a better 
defi nition of typical patterns of different settings. 

 Another important factor is the reliability of data. 
Football epidemiological studies often require the involve-
ment of multiple clubs and therefore of different clinicians. 
This can be a source of bias. First, it has to be verifi ed that 
all participants utilise the same medical approach in diag-
nosis and prognosis. In this view, it is better that all clini-
cians involved in the data collection are part of the same 
professional category, for example, sport medicine physi-
cians, orthopaedic surgeons or physiotherapists. Sometimes, 
this is not enough because they may be part of different 
medical schools; some studies involve team from all over 
the world [ 15 ] with an undeniably different approach to 
sport medicine. Therefore, scientists have to keep in mind 
these considerations, in order to avoid bias. Another impor-
tant issue is not only the quality of the data but also their 
completeness. Prospective studies may last an entire season 
or even more. Constant supervision of the people in charge 
of the data collection is fundamental in order to ensure 
complete collection. New technologies such as mobile 
phones, table PC and specifi c software have been imple-
mented with this aim. In addition, recent literature shows 
the need for a revision of the best defi nition of injury to be 
utilised, in order to capture at the best kinds of injuries and 
complaints [ 16 ]. First reports utilised data from emergency 
departments or insurance companies; however, it is evident 
how minor injuries were overlooked in this way. The most 
utilised injury defi nitions are the medical attention and 
time-loss injuries. Medical attention injuries are all the 
injuries for which the footballers require the help of a mem-
ber of the medical staff. In this way, a high number of inju-
ries can be collected; however, it is more diffi cult to identify 
the categories of lesions that have an impact on players’ 
health and football performance. Time-loss injuries are 
those injuries for which the player has to stop football 
activity. This defi nition allows a good identifi cation of the 
injuries impacting the footballer’s activity; however, some-
times players continue to play and train despite injuries that 

may decrease their performance or may lead to more severe 
or different injuries [ 17 ], and such injuries, for the above- 
mentioned consequences, must not be overlooked.  

6.4     Epidemiological Researches 
in Professional Football 

 The highest expression of club level football in the world is 
arguably represented by the UEFA Champions League. 
Since 2001, UEFA has implemented an injury analysis 
among some clubs participating to this competition, with the 
aim of reducing injuries which, at this level, has a high eco-
nomical impact. Actually, this study involves more than 20 
European top level football clubs from different countries. 
Each day, injury data, together with information on the foot-
ball activity exposure of each player, are collected by the 
medical staff of these clubs [ 18 ]. The results of this survey 
have been extensively published in the scientifi c literature 
[ 10 ,  19 ] and helped to identify the most common injuries at 
that level of football and their characteristics. Moreover, 
feedback on the club’s injury profi le is sent periodically by 
the study group to the clubs, in order to help them to imple-
ment specifi c prevention programmes. 

 Similarly, FIFA is also conducting surveys in all its main 
competitions, in male, female and young players [ 15 ,  20 , 
 21 ]. Many national associations, such as in Norway [ 22 ], 
Qatar [ 13 ], Sweden [ 23 ,  24 ] and Denmark [ 23 ,  25 ], have 
implemented prospective epidemiological studies in foot-
ball, and numerous clubs have developed independent injury 
registries for their teams [ 26 ]. 

 Some of these data are available in the scientifi c literature 
and allowed a better delineation of the football injury inci-
dence and patterns in professional footballers. However, due 
to the many intrinsic and extrinsic risk factors related to foot-
ball, further research is warranted.  

6.5     Injury Incidence in Football 

 Professional football is an extremely high–injury risk profes-
sion. It has been estimated that its overall risk of injury is 
about 1,000 times higher than for typical industrial occupa-
tions generally regarded as high risk [ 27 ]. 

 Fortunately, while in the last three decades the training 
and match volume has remarkably increased due to the 
improvement in professionalism, the risk of injury has not 
augmented. This is perhaps due to the development of athlete 
healthcare and to the implementation of prevention pro-
grammes. According to the UEFA Champions League injury 
study, a professional football team can expect about 50 inju-
ries that cause time loss from play each season, which 
equates to two injuries per player per season and, on average, 
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12 % of the squad unavailable due to injury at any point dur-
ing the season [ 28 ]. Most injuries occur during matches, 
where there is fi ve times higher risk of injury compared with 
training. This is possibly due to the high intensity of the 
match play and also to the higher number and energy of 
duels and impacts. It has to be also considered how there is 
no possibility, during matches, of seeking medical care if not 
for few minutes, while during training injuries may be evalu-
ated more carefully by the medical staff and preventive mea-
sures can be taken. In particular, the last 15 min of each half 
are the periods in which players are most vulnerable to inju-
ries, and fatigue plays a major role in this. 

 In accordance with their aetiology, injuries are classifi ed 
into overuse and traumatic. For overuse injuries a specifi c 
moment in which the injury occurred cannot be identifi ed 
[ 29 ]. While there is evidence that overuse football injuries 
have a higher incidence during the preseason, different trends 
of seasonality are linked to different regions and their spe-
cifi c environmental conditions. 

 In epidemiological studies taking into consideration time- 
loss injuries, the most common injury location is the thigh, 
followed by the knee, groin and ankle, while the most com-
mon type of injury is strain, followed by contusion and 
sprain. When considering medical attention injuries, contu-
sions are the most common type of injuries. However, a con-
tusion seldom obliges a player to stop his sport activity; 
therefore, they are less recorded in studies utilising a time- 
loss defi nition. This example highlights the importance of 
choosing an appropriate injury defi nition and the implication 
of a correct interpretation of the results in accordance with 
the chosen defi nition. 

 Hamstring strains are the most common subtype of inju-
ries, and a typical 25-player team can expect about seven 
hamstring strains per season [ 19 ,  28 ]. It is therefore evident 
how, like in many other sports, many efforts are focused on 
the prevention and treatment of this injury. 

 Despite their relative low incidence (<1 % of all injuries), 
anterior cruciate ligament (ACL) ruptures are the most 
attention- drawing pathology in football. Nowadays, in foot-
ball, ACL lesions are generally treated surgically, and the 
average time to return to play is between 6 and 7 months. 
While some decades ago it was a career-ending injury, prog-
ress in athletes’ healthcare has led to a return-to-football out-
come at the same level as before the injury in 90 % of the 
patients. However, on return to play there is an increased risk 
of new knee pathologies, especially overuse in aetiology 
[ 30 ]. This may indicate knee abuse due to the absolute neces-
sity of professional footballers of returning to play [ 31 ]. 

 The hip and groin are normally the third and fourth most 
common injury location in prospective epidemiological 
studies based on a time-loss injury defi nition [ 13 ,  28 ]. It 
seems that the real magnitude of the problem has been under-
estimated so far, due to the relatively diffi cult of diagnosis of 

the pathologies located in that region, not always allowing 
their clear identifi cation and classifi cation. Moreover, groin 
injuries are often overuse in aetiology and may be underesti-
mated in researches based on a time-loss injury defi nition 
[ 16 ]. In the champions league, an average of seven groin 
injuries per team per season has been estimated [ 32 ], but, for 
the above-mentioned reasons, this may be only the tip of the 
iceberg. In fact, it is well known among clinicians working 
with footballers that the groin pain syndrome often requires 
long treatments, with periods of exacerbation of symptoms 
and recurrences, and an appropriate management of training 
and match loading by the medical staff. 

 The ankle is the most common injury location in many 
sports [ 33 ]. While fi rst football epidemiological researches 
performed in the 1980s were reporting that the ankle was the 
most common location of injury (around 30 % of total num-
ber of injuries), more recent researches show a much inferior 
incidence rate [ 34 ]. This decreasing trend can be the result of 
prevention strategies (e.g. neuromuscular training, bracing, 
taping) which have proved to be effective in reducing the 
incidence of ankle sprain, or this may be due to changes of 
the rules of the game which have been applied, such as a red 
card for a tackle from behind. In any case, this fi nding has to 
be taken into account as this may be an example of the pos-
sibility of reducing injuries in football. 

 Women’s football has gained more and more prominence 
in the last years and with the number of participants quickly 
increasing together with the discipline’s professionalism. 
While males have a general higher risk of injury compared 
with female players, the risk of sustaining a moderate to severe 
injury (>1 week absence) does not vary between men and 
women. Injury patterns are also basically comparable, but 
women have relatively more knee injuries, while men more 
groin pathologies [ 35 ]. Female players are particularly more 
vulnerable to ACL injuries than men. It has been estimated 
that the risk is two to three time higher than their male coun-
terparts. Females also tend to sustain their ACL injury at a 
younger age and have a higher risk of injury especially during 
match play, although no signifi cant gender-related dissimilar-
ity has been described during training sessions [ 35 ]. These 
data have provided the basis for an extensive scientifi c research 
on the prevention for ACL injury in female footballers. 

 Young footballers’ injuries are more overuse in aetiology 
compared with adults. Of vital importance seems to be a 
strict training load monitoring. The huge differences in 
growth between subjects and the unpreparedness to too 
intense training loads may be a serious risk factor [ 36 – 38 ]. 

 In general, a reinjury is defi ned as an injury at the same 
side and location of a previous lesion. When it occurs within 
2 months from the return to play, it is usually defi ned as early 
reinjury and is often seen as a failure of the treatment. 

 Therefore, reinjury rate is sometimes considered as an 
instrument to measure the skills of medical staff. In fact, 
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while injury frequency may be mostly affected by technical 
and performance activities, reinjuries, as determined by an 
early return to play and incomplete rehabilitation, are often 
associated with medical staff performance. In more recent 
football studies, a reinjury rate between 12 and 30 % has 
been reported [ 10 ,  24 ,  39 ]. Also, reinjuries are generally 
associated with higher severity (return-to-play time) com-
pared with fi rst injuries. This relatively high incidence and 
severity underline the importance of correct guidelines in the 
return-to-play decision. There is a need for new football- 
specifi c medical and physical tests to assess athletes before 
they return to play. Objective data could help the clinician 
avoid an attitude that is too aggressive (which could increase 
the risk of reinjury) or too conservative (which would have a 
negative impact on the layoff time of the athletes). 

 These data highlight the importance of the medical staff, 
whose role in many clubs and federations is still underval-
ued. Often, investments on medical personnel and equipment 
are still overlooked in professional clubs. There is debate on 
the methods of medical staff recruitment and its effective 
impact on the economy of the clubs [ 40 ]. Undeniably, how-
ever, epidemiological data suggest that, due to the impact of 
injuries, professional football managers should at least care-
fully evaluate the possibility of providing their athletes with 
the best medical care, with the aim to preserve their health 
but also to increase their availability and performance.  

6.6     Risk Factors 

 In football, injury risk is multifactorial [ 27 ]. Several intrinsic 
and extrinsic risk factors have to be taken into consideration. 

 Among the intrinsic risk factors, age, career duration and 
previous injury have been shown having a negative effect on 
the athlete injury risk. Players with positive injury history 
have been shown to be two to three times more likely to suffer 
an identical injury in the subsequent season [ 24 ]. Mechanical 
instability in ankles or knees, joint laxity or functional insta-
bility also seems to predispose players to injuries, in particu-
lar of the hamstrings, groin and knee [ 41 – 45 ]. Other potential 
intrinsic risk factors, like ethnicity and mental characteristics, 
may play a role, but the scientifi c literature is still inconclu-
sive and further research is warranted. 

 The analysis of intrinsic risk factor may allow clinicians 
to prepare individual programmes of prevention at the begin-
ning of the season. 

 The infl uence of extrinsic risk factors needs to be anal-
ysed as well. 

 Physical and psychosocial stress appears to increase the 
injury risk. However, the role of testing the level of stress of 
the footballers is still generally underestimated. In order to 
prevent injuries, a close training load monitoring seems at 
least necessary. 

 As stated initially by Ekstrand et al. [ 4 ] and confi rmed by 
successive researchers [ 46 – 49 ], a high training/match ratio is 
a protective factor in football. This is probably due to the fact 
that physically well-trained and mentally prepared players 
can bear the physical stress during the game with a reduced 
risk of injury. 

 Also, the relative shortness of the period of physiological 
pre-season preparation can be considered a potential contrib-
uting factor to the occurrence of accidents [ 49 ]. 

 The “economic value” of the game is today defi nitely 
higher than previously. Also, the constant pressure of the 
media is contributing to increase the stress on footballers and 
therefore may put them at further risk. In addition to this, 
also the increased performance during the game, the differ-
ent training methodology and technical and tactical innova-
tions are aspects to consider in modern football. Indeed, the 
widespread use of tactical solutions, such as the pressing, the 
offside trap and the double marking, made at maximum 
intensity, is a potential risk factor for injury. 

 Moreover, modern football involves tactical situation in 
which many players are present in a limited area of the fi eld, 
increasing the possibility of contacts. In addition to this, the 
exasperated physical preparation may predispose the players 
to high-force contacts which can result in acute (ligament 
injuries of the knee, in particular ACL lesions, tendon rup-
tures, etc.) and chronic (tendonitis, enthesitis, chondropa-
thies, etc.) pathologies. 

 There is evidence that the professional players are nowa-
days heavier and taller than some decades ago [ 49 ]. It can be 
hypothesised that these parameters may increase the energy 
of the contacts and therefore the injury risk. However, this 
thesis has not been confi rmed by scientifi c data, so far. 
Several researches showed also a greater muscle strength in 
the lower limbs of the current professional player [ 43 ,  50 ]. 
Also in this case, it can be speculated that this may have 
increased the injury risk; on the other hand, however, this can 
be also considered a protective factor. 

 As previously discussed, a congested calendar and rela-
tive limited time for training, recovery and pre-season prepa-
ration are potential contributing factors to the occurrence of 
accidents. However, it seems that a period of 3 days between 
matches and a correct rotation of the players may help to 
avoid an increase of the injury risk [ 51 – 54 ]. Despite there are 
no studies confi rming this, also the pressure of the media is 
contributing to increase the pressure on footballers, espe-
cially of elite level, and may affect the injury risk. 

 The association between the playing position and injury 
risk is still undefi ned. While the majority of the studies 
showed no relation [ 55 – 58 ], there is some evidence of a 
higher incidence of injuries in defenders [ 59 ], halfbacks [ 9 ] 
and midfi elders [ 27 ,  60 ]. As a confounder factor, modern 
football requires defending actions in forwards and attaching 
phases of the game in defenders. Moreover, players may 
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change role during the season or even during a game. These 
may be reasons of an indeterminate link between injury risk 
and playing position. 

 Football pitches have certainly to be taken into consider-
ation as a potential extrinsic risk factor. Despite the results of 
the scientifi c research are still controversial [ 11 ,  61 ,  62 ], it 
seems that there is not an increased risk of injury associated 
with playing on last-generation artifi cial turfs. However, 
ankle sprain incidence is increased, while quadriceps strains 
decreased on this surface [ 22 ,  62 ,  63 ]. This may suggest the 
use of specifi c preventive measures for teams playing or 
training regularly on this surface. 

 Moreover, weather and pitch conditions seem to affect 
injuries, creating regional differences in match injury inci-
dence. Teams from northern Europe have a higher general 
risk of injury than the teams from southern Europe, possibly 
due to poorer climate and surface conditions. Conversely, 
there is a trend towards an increased risk of ACL injury in 
Mediterranean countries, where it has been hypothesised that 
the pitches, with higher rotational and traction forces, may 
be the most important risk factor [ 64 ]. These data seems to 
be confi rmed by some researches on Australian football [ 65 , 
 66 ] and underline the importance of developing regional epi-
demiological studies in order to defi ne and characterise the 
particular injuries for each country. 

 In this view, attention must be also paid on the choice of 
footwear and cleats, in order to avoid excessive ground- 
shoes rotational forces that may increase the number of inju-
ries, in particular located to the knee. 

 With the 2012 Olympic Games and the 2014 FIFA World 
Cup both being organised during the period of Ramadan 
(Islamic holy month of fasting), there was a debate about the 
possible effects of fasting on physical performance and injury. 

 A study of injury epidemiology in Qatari footballers [ 67 ] 
has allowed the investigation of the infl uence of Ramadan on 
football injury incidence and patterns. In a population with a 
majority of Muslim footballers competing in a Muslim coun-
try, no signifi cant difference of injury incidence, characteris-
tics and patterns has been shown during Ramadan compared 
to the rest of the football season. On the contrary, there is 
some evidence that non-Muslim footballers competing in a 
Muslim country suffer more during this time as they struggle 
to cope with the changes in social and sport life during this 
period such as training time modifi cations. 

 In modern football, despite this has never been explored 
in scientifi c researches, the frequent changes of coaches and 
technical staff can be considered a possible risk factor. 
Another aspect to take onto account is the high number of 
players for each professional team: if this may ensure an 
appropriate turnover allowing a better recovery of tired and 
injured players and therefore can be seen as a protective fac-
tor, on the other hand, the pressure and the competitiveness 
between the players may increase, leading to a higher risk of 

injury. While some of these risk factors are not easy to be 
corrected, the player’s lifestyle represents a central risk fac-
tor that can be quickly modifi ed or corrected. For example, 
smoking is an element of absolute toxicity, and alcohol, even 
when taken occasionally, can be counterproductive for the 
performance [ 49 ]. 

 Also an excessive use of drugs in order to continue sport 
activity despite an injury or to speed up the recovery time 
should be considered as an important risk factor to the foot-
ballers’ health [ 49 ]. 

 On top of these considerations, fair play among players, 
coaches and managers as well as the central role of the ref-
eree in the protection of the players are key risk factors that 
the national and international federation should continuously 
take into consideration, in order to perform the adapted 
adjustments.     
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7.1             Introduction 

 As the population has become more active, anterior cruciate 
ligament (ACL) injuries have become more common. More 
and more individuals are choosing ACL reconstruction in 
order to attempt to return to their previous functional level. 
Much of the previous research regarding ACL reconstruction 
has revolved around optimizing surgical variables. A new 
focus has arisen attempting to determine when patients are 
ready to return to full activity. ACL grafts continue to mature 
after one year which is well past the time when most athletes 
are cleared to return [ 1 ,  2 ]. A balance exists in trying to allow 
for one’s biology to recover and heal from surgery while 
minimizing the time off. The following chapter explores the 
multiple factors that contribute to one’s ability to return to 
sport and the current tools available that can assist in making 
an accurate determination of an athlete’s readiness.  

7.2     Physical Recovery 

 Successful recovery from ACL reconstruction begins with 
prehabilitation. Prior to surgery, the goals are to reduce 
swelling, infl ammation, and pain which can limit knee range 
of motion (ROM) and inhibit muscle activation. Knee ROM 
is optimized with emphasis on full knee extension; and mus-
cle strength maximized to help prevent atrophy [ 3 ,  4 ]. This is 
important for minimizing postoperative complications such 
as arthrofi brosis and persistent muscle weakness [ 3 – 6 ]. 

 After surgery, the focus of rehabilitation is to regain 
strength, dynamic control, and functional stability on the 

injured extremity. Mechanical and dynamic knee stability is 
an important indicator of the ability to protect the healing 
graft. Before initiating specifi c sport training, certain mile-
stones must be met to verify that the above have been achieved. 

 The patient’s history and physical exam are important in 
assessing stability. Patients often report episodes of “giving 
way” in the affected extremity when laxity is present. The 
pivot shift test and Lachman’s maneuver can also identify 
laxity within the grafts and thus patients who may be suscep-
tible to reinjury [ 7 ,  8 ]. Increased laxity is important to recog-
nize because it may be associated with altered contact 
loading of the articular surfaces and inferior structural prop-
erties of the graft [ 4 ,  9 ]. 

 There are other more functional means to assess stability 
and a “knee at risk.” The squat and hold is one such test, 
requiring the athlete to hold a one-legged stance position 
with the knee in fl exion to accentuate any residual strength 
defi cits in the injured limb. Balance tests on an unstable plat-
form can be used to assess overall postural stability and neu-
romuscular control defi cits. 

 After suffi cient knee stability has been demonstrated, 
patients progress to more advanced assessments that are 
designed to evaluate strength, coordination, functional sta-
bility, and comparison between the injured and uninjured 
limbs. These factors are indicators of neuromuscular control, 
which along with biomechanical asymmetry is a main con-
tributor to primary and secondary ACL injury risk when defi -
cient [ 7 ,  10 – 12 ]. 

 Test results are often reported using a limb symmetry 
index (LSI), which is a ratio comparing the injured limb to 
the uninjured limb. Normative data on healthy subjects has 
shown an LSI of 85 % or greater to be consistent with normal 
strength and function, and most researchers report an LSI 
result of 85–90 % for each individual test as satisfactory to 
allow return to sport [ 5 ,  10 ,  13 ]. 

 The assessment of strength is a key component when 
making the decision for return to sport [ 7 ,  10 ,  14 – 16 ]. 
Adequate quadriceps strength is necessary for force 
 generation and attenuation about the knee as well as for 
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function and gait restoration [ 10 ,  17 ]. Hamstring strength is 
critical for knee stabilization and landing mechanics [ 10 ,  15 , 
 16 ,  18 – 20 ]. Strength can be measured with isokinetic knee 
fl exion and extension tests, squats, and leg press. The ratio of 
hamstring to quadriceps (H:Q) strength within the injured 
limb is an important indicator of the hamstrings’ ability to 
decrease anterior tibial displacement and shear generated by 
the anterior pull of the quadriceps, subsequently reducing 
ACL strain and injury risk [ 10 ,  15 ,  18 – 20 ]. The H:Q ratio is 
a main determinant for primary ACL injury risk and also cor-
relates to self-reported knee function [ 10 ,  21 ]. 

 Hip abduction strength can also be assessed as it infl uences 
initial contact and knee valgus angles during drop- landing 
tasks. Altered hip kinematics and excessive knee valgus angles 
predict secondary ACL injury after reconstruction [ 12 ]. Power 
measurements can also be employed as a more specifi c gauge 
of the use of strength in sports, as the rapid production of force 
is important for performance and injury protection [ 22 ]. 

 The restoration of neuromuscular control after ACL 
reconstruction depends not only on muscle strength but also 
on dynamic knee stability and limb performance symmetry, 
which aid in attaining successful functional, subjective, and 
return-to-sport outcomes [ 8 ,  10 ,  14 ,  23 – 25 ]. 

 Hop tests are frequently instituted as a reliable measure of 
dynamic stability, refl ecting integration of neuromuscular 
control, strength and power, endurance, and confi dence in 
the limb [ 26 ]. Single-leg hop tests correlate with quadriceps 
strength, limb stability, subjective outcomes, and return-to- 
sport outcomes [ 14 ,  23 ,  24 ,  27 – 31 ]. Athletes who attain hop 
test results greater than 85 % of the contralateral extremity 
are signifi cantly more likely to return to pre-injury level of 
sports at 1 year [ 32 ]. Frequently used hop tests include 
single- limb hop for distance, single-limb crossover hop for 
distance, single-limb triple hop for distance, single-limb 
timed hop for distance, and single-limb vertical power hop. 

 Additional studies have found that hop testing under 
fatigued conditions affords a more sensitive way to detect 
persistent functional limitations. In one study, only two- 
thirds of athletes performed satisfactorily under fatigued 
conditions at 1 year following ACL reconstruction despite 
demonstrating greater than 90 % hop capacity when not 
fatigued [ 33 ]. A single-leg hop test at 11 months postopera-
tively preceded by pre-exhaustion exercise has been shown 
to increase the sensitivity of the single-leg hop. One study 
reported a greater than 90 % success rate under non-fatigued 
conditions which declined to 68 % demonstrating abnormal 
hop symmetry following a pre-exhaustion exercise protocol 
[ 34 ]. Testing after the lower extremity is fatigued to failure 
may be more pertinent measure of endurance, replicating the 
events during sports participation. 

 A battery of tests possesses a greater ability than any sin-
gle test alone to discriminate between injured and non- 
injured sides [ 35 – 37 ]. A prospective cohort study [ 35 ] found 

that at 24 months postoperatively, rates of attaining a 90 % 
LSI for strength and hop test batteries were 48 and 44 %, 
respectively, compared to more than 90 % when the tests 
were evaluated individually. When combining the strength 
and hop test batteries, success rates were only 22 %. The 
combination of single-leg hop for distance, vertical jump, 
and side hop was found to possess a sensitivity of 91 % and 
accuracy of 88 % for detecting abnormal limb symmetry in 
patients who underwent ACL reconstruction 6 months previ-
ously [ 37 ]. In another study, evaluating a strength test battery 
of knee extension, knee fl exion, and leg press was found to 
be more sensitive compared with any of the three tests indi-
vidually. Eighty-six percent of patients had abnormal limb 
symmetry in knee extension at 6 months postoperatively, 
along with 42 % of patients in knee fl exion and 61 % in leg 
press [ 36 ]. When combined, 95 % of patients did not meet 
the requirements of greater than 90 % LSI for all three tests. 
Another group found that test sensitivity improved from 52 
to 62 % by using two hop tests rather than one [ 38 ]. 

 In addition to objective measures, subjective self- 
evaluation of knee function is an important determinant of an 
athlete’s ability to return to sport. Self-reporting of knee 
function, instability, and knee symptoms such as pain and 
swelling are often the factors most strongly associated with 
return-to-sport status [ 23 ,  39 ,  40 ]. There are numerous 
instruments used to assess subjective outcomes in patients 
with knee injuries, such as the commonly used scales 
International Knee Documentation Committee (IKDC) 
Subjective Knee Form, Lysholm knee scale, and the 
Cincinnati knee score. These scales are reliable and valid for 
evaluation of postoperative symptoms, function, and sports 
activity after an ACL reconstruction [ 7 ,  41 – 43 ]. The IKDC is 
effective and responsive to changes in perceived function 
over time [ 7 ,  44 ,  45 ].  

7.3     Psychological Recovery 

 Many athletes who achieve normal knee function following 
reconstruction are unable to return to pre-injury levels 
because of psychological factors [ 46 ]. Up to 30 % of athletes 
who do not return report fear of reinjury as the primary rea-
son [ 40 ,  46 ,  47 ]. Psychological readiness to return to sport 
may lag behind physical readiness. Return prior to psycho-
logical readiness can lead to worsening psychological state 
as well as decreased performance and subsequent reinjury 
[ 48 – 50 ]. Recognition of maladaptive psychological pro-
cesses that may negatively affect an athlete’s rehabilitation is 
therefore essential. 

 There are a number of tools for assessing psychological 
recovery after ACL reconstruction. One of the most widely used 
postsurgical psychological assessments is the Tampa Scale of 
Kinesiophobia (TSK), which measures fear of  movement and 
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reinjury [ 47 ,  51 ]. The TSK and its shortened version more spe-
cifi c to ACL-reconstructed athletes is a survey that demonstrates 
prognostic value in ACL-reconstructed athletes, predicting 
return to sport within 12 months when measured at 4 months 
postoperatively [ 48 ,  51 ]. Another scale, the 12-item ACL-
Return to Sport after Injury (ACL- RSI), measures frustration, 
fear, and confi dence. The value of ACL-RSI is that it can be 
used preoperatively as well as at 4–6 months postoperatively as 
a predictor of return to sport within 12 months [ 48 ,  50 ,  52 ]. 
Other assessment scales measure additional psychological 
aspects such as the emotional response to injury, an athlete’s 
self-effi cacy, confi dence, motivation, perception of control, and 
pain-catastrophizing behavior. These are important determi-
nants of rehabilitation effort, perceived and actual rehabilitation 
outcomes, objective and subjective knee function, and return to 
pre-injury sports activity level [ 51 ,  53 ,  54 ]. 

 Surgeons need to recognize these psychological issues in 
order to understand the postoperative recovery process and 
counsel the athlete as needed as they attempt a return to 
sport. Screening for maladaptive psychological responses to 
identify at-risk athletes should be performed early on so that 
psychological recovery can parallel physical rehabilitation. 
Interventions that may positively infl uence psychological 
recovery include peer modeling, relaxation, guided imagery, 
goal setting, provision of clear postoperative and rehabilita-
tion instructions, and improvement of coping skills and self- 
effi cacy beliefs [ 55 ]. Future research into improving 
psychological readiness should include further development 
of interventions specifi c to ACL reconstruction rehabilitation 
to provide standardized instruments for improving rehabili-
tation and return to sport.  

7.4     Discussion 

 Historically, return-to-sport clearance has been based on 
time from surgery. Many athletes received clearance around 
the 6-month time point to allow for postoperative healing 
while progressing through rehabilitation [ 10 ,  25 ]. However, 
athletes recover and progress through rehabilitation at vari-
able rates. When assessed after sports participation, many 
athletes demonstrate functional defi cits that are independent 
of time from surgery [ 56 ]. Therefore, the return-to-sport 
decision should be based on the individual athlete’s recovery 
and monitored using specifi ed objective and subjective crite-
ria. Objective data should be used to ensure that the athlete 
possesses adequate knee strength and stability to protect the 
healing graft and safely return to sport. These measures help 
guide the athlete to provide a goal-oriented rehabilitation. 
These criteria include achievement of symmetrical joint 
motion, strength, and functional performance between the 
injured and uninjured limbs, as well as subjective and psy-
chological scores within the norm, prior to return to sport. 

 Different centers have studied the benchmarks required 
for an athlete to return to sport. One group advocates return 
to sport when full ROM is achieved, hop and strength test 
results are at least 85 % of the uninjured extremity, the ham-
string/quadriceps strength ratio is less than 15 % difference 
compared to the uninjured side, and the patient tolerates 
sport-specifi c activities with no increase in pain or swelling 
[ 57 ]. Another proposes criteria including a LSI of 90 % for 
strength and functional testing as well as a score of 90 % on 
two self-reported outcome measures. They saw 40 % of 
ACL-reconstructed athletes cleared for return to practice at 6 
months and 73 % cleared at 12 months [ 5 ]. Those who did 
not meet criteria continued rehabilitation, focusing on areas 
in which they were defi cient. It is important to note that 
although correlations exist between strength and stability 
testing with subjective and functional outcomes, there is a 
lack of data directly associating success in these areas with 
reduced risk of reinjury upon return to sport. Tests that accu-
rately defi ne adequate neuromuscular control are not clear 
[ 7 ,  10 ]. It is conceivable that normal strength and function 
promote neuromuscular control and graft protection leading 
to lower reinjury rate; therefore current testing methods eval-
uate these factors. However, future outcome research is 
needed to correlate successful strength and functional indi-
ces with lower risk of reinjury. 

 The ability to return to sport following ACL reconstruc-
tion requires the restoration of physical function and psycho-
logical readiness in addition to specifi c patient, sport, injury, 
and rehabilitation factors. Premature return to sport may pre-
dispose the patient to further injury, with incidence of rein-
jury to the graft or rupture of the contralateral ACL ranging 
from 6 to 32 % [ 10 ]. For athletes who successfully return to 
activity, one in four will go on to a second knee injury [ 10 ]. 
Of the many risk factors for graft injury or contralateral ACL 
injury, history of ACL reconstruction and return to high-level 
competitive pivoting/cutting/jumping sports are among the 
greatest contributors [ 10 ,  11 ,  58 ]. Primarily implicated in 
this increased risk is the asymmetric and impaired neuro-
muscular control and lower extremity biomechanics that 
both lead to and result from the initial ACL injury [ 10 – 12 ]. 
Injury prevention programs emphasizing neuromuscular 
training to reduce these modifi able impairments can poten-
tially reduce the rate of ACL injuries by up to 50 % [ 59 ]. 
Plyometric testing such as drop vertical jumps and tuck 
jumps can be used to assess abnormalities in neuromuscular 
control, balance, symmetrical limb loading, force contribu-
tion, and force attenuation [ 5 ,  7 ,  10 ]. This allows observation 
of asymmetries in lower extremity positioning and move-
ment as well as detrimental biomechanics such as decreased 
knee fl exion and valgus knee angles upon landing that 
increase ACL shear and strain forces and risk of ACL injury 
[ 11 ,  12 ,  20 ,  60 ]. The evaluator can then direct the correction 
of these defi ciencies and improvement of technique and limb 
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symmetry [ 5 ,  7 ,  12 ]. Incorporating serial functional and 
strength testing is essential to decrease the risk of secondary 
ACL injury and upon reintegration into sport.  

7.5     Summary 

 ACL reconstruction is performed for many athletes with 
ACL rupture to prevent instability and further injury. Defi cits 
in strength and dynamic stability may persist following 
reconstruction and must be corrected through postoperative 
rehabilitation. Whereas in the past, the decision to return to 
sport following ACL reconstruction was often based on time 
from surgery, current literature leads the surgeon toward 
using a criteria-based progression through rehabilitation. 
Requiring the athlete to meet specifi ed subjective and objec-
tive goals prior to sport clearance allows for a more individu-
alized postoperative rehabilitation, which is necessary since 
individual athletes may not progress at the same rate. The 
“timeframe” for an athlete’s rehabilitation should be deter-
mined by these criteria, which typically rate the injured 
against the uninjured extremity. Using a criteria-based pro-
gression through rehabilitation and return to sport may be a 
more effective method of assuring a safe and successful 
return to sport. In addition, neuromuscular defi cits and psy-
chological hindrances must be recognized and addressed in 
order to ensure an athlete’s complete readiness for return to 
sport.     
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8.1             Introduction 

 Groin pain represents a widespread problem in sport in both 
amateur and professional areas. However, the term “groin 
pain” should describe only the symptoms or a symptom, the 
pain in the groin area, a medical problem with still unclear 
pathophysiology. One of the reasons for this could be the 
anatomical complexity of the pubic area and the frequent 
overlapping of different pathology [ 1 ]. The term groin pain 
or pubalgia is according to some authors ambiguous or at 
least simplistic and not suitable for the complexity of the 
medical issue in question. It is better defi ned as groin pain 
syndrome [ 2 ]. Conversely to this lack of clarity, the groin 
pain syndrome has spread from a typical pathology of high- 
profi le athletes into all levels of athletes. It currently affects 
mostly intermediate-level athletes, as their fi tness levels for 
sport activity are often not suitable for its prevention, while 
the athletic load is high enough to favor its onset [ 3 ]. The 
diagnosis of groin pain syndrome has been reported by 
Spinelli more than 70 years ago as a medical problem affect-
ing fencers [ 4 ], and since then, controversy and different 
conceptual interpretations started [ 5 ,  6 ]. 

 Sport activities most at risk are represented in Europe by 
football and then, with less impact, by hockey, rugby, and 
distance running [ 7 – 16 ]. However, none of these publica-
tions relate the incidence of the injury to the number of 
licensed athletes into the various activities in question, and 
most of these studies would be rejected if we follow the 
 minimum criteria of a meta-analysis [ 17 ].  

8.2     Etiology and Clinical Classifi cation 

 Different entities of groin pain are classifi ed according to the 
type of pathologic lesion and to symptoms that are reported 
by the patient. Very often, an inaccurate diagnosis, leading to 
inadequate therapeutic interventions, can further lead to a 
very debilitating medical problem, sometimes forcing the 
athlete to long suspension of sport activity. 

 In our view, this discrepancy of clinical judgments is 
mainly generated by the excessive overlapping of possible 
clinical entities. For example, some authors [ 16 ,  18 ] identify 
from 15 to 72 cases of groin pain including mainly muscle 
and tendon pathologies (insertional tendinopathy, ectopic 
calcifi cation, avulsions, hernia) but also bone and joint 
 diseases such as stress fractures, osteochondrosis or osteone-
crosis, infections, cancer, bursitis, nerve entrapment, and 
pain of the visceral source. 

 Considering the importance of a correct diagnosis, the 
fi rst step in this direction seems to adopt a correct and ratio-
nal nosological framework. One of the most systematic, 
practical references derives from Brunet’s [ 19 ] and from 
Durey’s and Rodineau’s studies [ 9 ]. According to the experi-
ence of these authors, the groin pain in athletes refers to three 
different anatomo-clinical entities often associated as 
follows:
    1.    Parieto-abdominal pathology, affecting the lower part of 

the anterior abdominal muscles (external and internal 
oblique muscles and transverse muscle), fascia transver-
salis, conjoint tendon, and inguinal ligament   

   2.    Adductor muscle pathology mainly affecting the adductor 
longus and pectineus muscle   

   3.    Pubic symphysis pathology    
  Bouvard’s theory [ 1 ] is also interesting and worthy to 

note. These authors have proposed a revision of Brunet, 
Durey, and Rondineau’s [ 9 ] classifi cation and suggest a sin-
gle disease presenting in four different clinical forms:
    1.    The pubic osteoarthropathy affecting the pubic symphy-

sis joint and the adjacent bone branches due to 
 microtraumatic etiology. This needs to be differentiated 
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from the rare infectious pubic osteoarthritis [ 10 ,  20 ,  21 ]. 
Sometimes bone modifi cations could be evident appear-
ing in the form of erosion, or as real “nail shots” some-
times with bone fragments. Occasionally, erosions may 
occur in such marked and conspicuous manner to include 
in the differential diagnosis of neoplastic erosive 
 osteopathy [ 22 ].   

   2.    The inguinal canal pathology with diagnosis initially for-
mulated by Nesovic [ 23 ], arbitrarily named “sports her-
nia” since in this case, a real hernia is not present [ 9 ,  14 , 
 24 ]. Many authors report a high percentage (36–84 %) of 
non-palpable hernias but with similar symptoms in the 
groin [ 25 – 30 ]. All painful symptoms caused by inguinal 
canal posterior wall anatomical defects are included in 
this category, that is, localized weakness of fascia trans-
versalis, an area where striated muscles are absent [ 14 ]. 
Pathology of the inguinal canal posterior wall can be con-
fi rmed by ultrasonography [ 31 ,  32 ]; herniography has 
only historical signifi cance since it is very invasive [ 11 , 
 26 ,  27 ]. Moreover, anterior wall inguinal canal lesions 
such as conjoined tendon or external oblique muscle tear 
should be considered [ 33 ] as they may occasionally lead 
to ilioinguinal and iliohypogastric nerve entrapment [ 6 , 
 14 ,  17 ,  29 ,  31 ]. This group also includes external oblique 
muscle aponeurosis lesion and inguinal ligament and fas-
cia transversalis lesions [ 14 ,  31 ,  34 – 37 ].   

   3.    Rectus abdominis insertional tendinopathy [ 9 ,  12 ,  38 – 40 ].   
   4.    Bone–tendon junction and muscle–tendon junction tendi-

nopathy of the hip adductor muscles possibly compli-
cated by obturator nerve entrapment [ 29 ,  41 ,  42 ].    
  Benazzo et al. [ 43 ] proposed a similar clinical classifi ca-

tion, especially in terms of nosological rationality, and subdi-
vided the possible clinical cases into three groups:
    1.    Adductor and/or abdominal muscle insertional tendinop-

athies, occasionally associated with pubic osteoarthropa-
thy, likely due to microtraumatic repetitive stress. The 
basic anatomical lesion is represented by an adductor 
muscle–tendinous unit sprain affecting in most cases the 
adductor longus, with a potential rectus abdominis 
involvement at the level of its distal insertion. In this con-
text, it may also be associated with a secondary bone 
alteration at the pubic symphysis. According to the 
authors, this type of injury would be the most prevalent in 
football.   

   2.    Abdominal wall lesions, especially the inguinal canal 
lesion as hernia, structural weakness of the posterior wall, 
and the conjoint tendon abnormalities.   

   3.    The less common causes of groin pain, not directly 
linked to abdominal wall pathologies. These clinical 
situations defi ned by the authors with the term “pseudo-
pubalgia” include iliopsoas, quadratus femoris and 
obturator internus muscle strains or tears, nerve com-
pression syndromes (especially affecting the obturator, 

ilioinguinal, femoral cutaneous, femoral, pudendal, ilio-
hypogastric, and  genitofemoral nerve), abdominal mus-
cles perforating branches compression, and spinal 
nerves anterior roots pathologies. A condition included 
in this group, and relatively frequent in football, is the 
obturator nerve entrapment syndrome, with pathogene-
sis that, although not yet clearly defi ned, seems to be 
due to a fascia infl ammatory process which could cause 
an obturator nerve (anterior branch) involvement of its 
part over the adductor brevis muscle. Furthermore, in 
this group, there are bone lesions, such as the osteitis 
pubis, femoral head stress fractures, pubic symphysis 
stress lesions, diastasis, osteochondritis dissecans, 
osteomyelitis, and tumors.    
  However, besides the proposed three clinical classifi ca-

tions, we can still fi nd many authors that consider pubalgia 
as a “unique” clinical entity which is summarized in inguinal 
canal pathology [ 8 ,  14 ,  36 ,  44 ], adductor muscle insertional 
tendinopathy [ 17 ,  45 ], or pubic osteoarthropathy [ 46 ]. As it 
has been pointed out in some studies [ 36 ,  47 ], it is very 
important to distinguish the so-called true pubic lesions, 
directly affecting the pubic skeletal structure, and the false 
pubic lesions represented by insertional tendinopathy, her-
nia, sport hernia, and nerve entrapment. In addition, it should 
be noted that some authors [ 48 ] do not agree with the ingui-
nal canal diagnosis and consider that it is only associated 
with a more general groin pain framework. Inguinal forms 
relate almost exclusively to the male population, affecting 
football players in 70 % of the cases, followed by hockey 
players, rugby players, and long-distance runners [ 2 ,  14 ,  49 ]. 
However, other authors consider that the term groin pain or 
pubalgia should be used only for the parietal lesions and that 
all other forms should have a different and very specifi c 
nomenclature. 

 According to these authors [ 2 ,  48 ,  50 ], all “no parietal 
forms” include the following:
    1.    Rectus abdominis tendinopathy   
   2.    Adductor longus m., pectineus m., and gracilis m. tendon 

damages and adductor muscle belly lesions   
   3.    Iliopsoas muscle lesions   
   4.    Pubic osteoarthropathy   
   5.    Pubic stress fracture   
   6.    Coxofemoral pathologies   
   7.    Maigne’s intervertebral syndrome, though with rare 

incidence    
  Other authors also agree in some way to this clinical 

approach. According to Gilmore [ 14 ], in case of symptoms 
that he described with the term “groin pain disruption,” it is 
possible to fi nd simultaneously a conjoined tendon lesion, 
and its avulsion from the pubic tubercle, an external oblique 
muscle aponeurosis injury, or a dehiscence between the con-
joined tendon and the inguinal ligament. In addition, in 40 % 
of the cases, there is an adductor muscle weakness. 
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 According to Albers [ 51 ], in 90 % of the surgically treated 
groin pain cases, we can fi nd a focal fascial protrusion called 
“bulging.” In particular, there is often an abnormally high 
conjoined tendon insertion pointed out. For these reasons, 
the author underlines the fact that groin pain is caused by a 
myofascial pubic–abdominal abnormality (pubalgic abdomi-
nal myofascial abnormality, PAMA). According to the the-
ory that the term “pubalgia” is only used in cases of parietal 
disease, it is possible to fi nd in bibliography a widespread 
consensus on the dominant factors in the pubalgia frame-
work (i.e., inguinal canal widening, inguinal canal posterior 
wall weakness, groin pain disruption, and PAMA). 

 In any case, given the “key concept” that the term groin 
pain, or pubalgia, represents only the description of a symp-
tom or a cohort of symptoms and is not a diagnosis, speaking 
of “pseudo-groin pain” and/or “pseudo-pubalgia” represents 
a conceptual error. For this reason, currently, the more ratio-
nal clinical classifi cation is, in our opinion, the one proposed 
by Omar et al. [ 52 ]. It suggests a differential diagnosis of 
groin pain syndrome based on 37 major diseases, subdivided 
in 10 different categories (Table  8.1 ).

8.3        Injury Mechanisms and Predisposing 
Factors 

 Intrinsic and extrinsic factors may predispose the athlete 
to the groin pain syndrome. Among the intrinsic factors, 
those receiving the greater consensus in literature [ 1 ,  10 ,  32 , 
 53 – 59 ] are as follows:
    1.    Hip and/or sacrum–iliac joint diseases   
   2.    Lower limbs asymmetry   
   3.    Lumbar hyperlordosis   
   4.    Functional imbalance between abdominal and adductor 

muscles, with a weakness of the abdominal muscles 
 compared to the adductors leading to their excessive stiff-
ness or a weakness of both muscular groups, leading to a 
reactive contracture of adductor muscles   

   5.    Excessive hamstring stiffness   
   6.    Adductor weakness   
   7.    Previous injury    

  It is important to remember that some authors [ 60 ] 
 proposed as intrinsic cause a core muscular weakness or a 
delayed onset of transversus abdominal muscle recruitment. 

 Furthermore, there is an ongoing debate in literature 
regarding the age and/or sport experience as risk factors for 
groin injury [ 60 – 62 ]. 

 The extrinsic factors [ 19 ,  23 ,  40 ,  63 – 65 ] are as follows:
    1.    Inadequacy of sport equipment: a typical example in foot-

ball is the use of cleats, too long on dry surfaces or too 
short on soft ground [ 3 ].   

   2.    Inadequate pitch surfaces [ 40 ,  63 ].   
   3.    Errors in training planifi cation [ 65 ].    

  Regarding the inadequacy of pitch surfaces, we must 
make some important clarifi cations. A parameter which we 
must carefully assess is represented by the interaction, in 
terms of mechanical constraint, between the pitch and the 
shoe. An interesting data in this regard comes from the 

   Table 8.1    The differential diagnosis of groin pain in athletes proposed 
by Omar et al. [ 52 ] (modifi ed)   

 Category 1: Visceral causes 
   Inguinal hernia 
   Other abdominal hernias 
   Testicular torsion 
 Category 2: Hip-associated causes 
   Acetabular labral tear and femoroacetabular impingement 
   Osteoarthritis 
   Snapping hip syndrome and iliopsoas tendinopathy 
   Avascular necrosis 
   Iliotibial band syndrome 
 Category 3: Pubic symphyseal causes 
   Rectus abdominis tear 
   Adductor muscle–tendon dysfunction 
   Rectus abdominis–adductor longus aponeurosis tear 
   Osteitis pubis 
 Category 4: Infectious causes 
   Septic arthritis 
   Osteomyelitis 
 Category 5: Pelvic infl ammatory disease 
   Prostatitis 
   Epididymitis and orchitis 
   Herpes infection 
 Category 6: Infl ammatory causes 
   Endometriosis 
   Infl ammatory bowel disease 
   Pelvic infl ammatory disease 
 Category 7: Traumatic causes 
   Stress fracture 
   Tendon avulsion 
   Muscle contusion 
   Baseball pitcher–hockey goalie syndrome 
 Category 8: Developmental causes 
   Apophysitis 
   Growth plate stress injury or fracture 
   Legg–Calvé–Perthes disease 
   Developmental dysplasia 
   Slipped capital femoral epiphysis 
 Category 9: Neurologic causes 
   Nerve entrapment syndromes (e.g., ilioinguinal nerve) 
   Referred pain 
   Sacroiliitis 
   Sciatic entrapment (piriformis syndrome) 
   Hamstring strain 
   Knee pain 
 Category 10: Neoplastic causes 
   Testicular carcinoma 
   Osteoid osteoma 
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American National Football League (NFL), which shows 
that abductor tendinopathy would increase by 27 % on the 
artifi cial turf pitches when compared to natural turf pitches 
[ 66 ], although these data do not fi nd further confi rmation in 
the literature [ 67 ,  68 ]. Also some natural grass surfaces may 
be a risk factor for the onset of abductor tendinopathy. The 
association of hot climates and some types of grass having a 
particularly strong and deep root system creates an excessive 
constraint between the shoe and the ground. Conversely, 
other types of grass with an insuffi cient radical apparatus, if 
used in cold climates, would not be able to create a suffi cient 
mechanical constraint between the foot and the playing sur-
face. Both situations could represent a risk factor for onset of 
adductor tendinopathy especially in athletes with pelvic 
instability [ 66 ]. 

 One of the sports where groin pain is most frequent is 
football [ 69 ]. Many technical movements in football may 
favor the onset of the injury: jumps, dribbling, cutting 
 movements in general, and tackles performed sliding with 
abducted leg and adductor muscle contracted. These are 
 factors that cause high stress on the pubic symphysis, trig-
gering a synergic mechanism between adductors and abdom-
inal muscles [ 43 ]. Moreover, shooting and running performed 
on irregular surfaces represent other intense and abnormal 
functional stress factors [ 70 ]. 

 In this context, it is important to consider the Maigne the-
ory [ 71 ], based on the functional imbalance of the football 
players’ column biomechanics. Specifi cally, this theory 
argues that football players are playing in a constant hyper-
lordotic gait which creates a confl ict at the dorsal-lumbar 
spine level between the vertebral joints and genito- abdominal 
nerves, responsible for the groin region sensitive innerva-
tions. This theory could justify the high incidence of groin 
pain in football reported by different authors [ 72 ,  73 ]. 

 There is no strong evidence in the literature supporting a 
causal association for any extrinsic or intrinsic risk factors and 
groin pain syndrome onset. In effect, the majority of the stud-
ies are based on conjecture, expert opinion, or case series. 

 Athletes affected by groin pain syndrome would most 
likely be subjected to a combination of excessive muscular 
contractions by abdominal and adductor muscles. Torsion 
and impact causing bone stress can occur during running, 
violent movement performed with poor muscle control (such 
as sprint, shoots, tackles, change of direction), and mechani-
cal constraints especially of torsion type at the pubic sym-
physis level [ 12 ,  32 ,  63 ,  65 ,  74 ]. The majority of authors 
agree that during normal activity, the abdominal and adduc-
tor muscles have an antagonistic but biomechanically bal-
anced function. In the case of groin pain, there is no more 
muscle balance between the adductors and abdominals, with 
the adductor muscles being too powerful and the abdominals 
too weak or with adductors being extremely stiff thus pro-
ducing an abnormal tension in the pelvis with a negative 
impact on the pubis [ 19 ,  23 ,  36 ,  44 ,  57 ,  75 ,  76 ]. Finally, 

quadriceps  muscle hypertonia would further aggravate this 
functional imbalance [ 76 ]. 

 It is important to underline the rectus abdominis 
and adductor longus origin from a common aponeurosis 
insertion at the periosteum of the anterior aspect of the pubic 
body and their antagonist function during rotation and 
 extension [ 77 ]. 

 Moreover, we must remember that also a force ratio less 
than 80 % between the adductor and abductor muscles has 
been identifi ed as a potential groin pain risk factor [ 45 ]. 
Other authors found that the same defi cit between the exten-
sor and the fl exor trunk muscle force ratio could induce groin 
pain [ 16 ]. Finally, other studies [ 1 ] include poor propriocep-
tion among the predisposing factors. However, our therapeu-
tic experience does not allow us to share this hypothesis; in 
effect, both static proprioception management and dynamic 
proprioception management refl ect an extremely multifacto-
rial control mode which makes it diffi cult to provide evi-
dence in this specifi c fi eld. 

 It is important to remember that six of the seven adductor 
muscles 1 are innervated by the obturator nerve and that their 
origin is in close proximity to the pubis. This allows them 
biomechanically to act in open kinetic chain as hip adductors 
and have an important stabilizing role in the closed kinetic 
chain. Not surprisingly, athletes affected by groin pain 
syndrome generally have signifi cant concentric muscle 
strength in the lower limb muscles while simultaneously pre-
senting with a defi cit of postural muscle strength [ 1 ,  45 ].  

8.4     Clinical and Diagnostic Examination 

 Symptoms of groin pain syndrome are bilateral in 12 % of 
cases, affecting the adductor region in 40 % of the cases and the 
perineal area only in 6 % of the cases [ 14 ]. The onset of reported 
groin pain syndrome symptoms is insidious in 2/3 of the patients 
and acute in 1/3 [ 14 ]. The groin pain clinical framework is char-
acterized by subjective and objective symptomatology. 

 Subjective symptoms are mainly identifi ed in pain and 
functional defi cit [ 78 ,  79 ]. The intensity of pain has highly 
signifi cant variability and can range from a mere annoyance 
to acute pain. The intensity of which can even affect the 
patient’s normal daily life activity, such as walking, dressing, 
and getting out of bed or car, and sometimes even preventing 

1   There are seven adductor muscles; the closest to the surface is the pec-
tineus. The adductor longus, the gracilis, and the adductor brevis are 
located within the second layer. The adductor magnus is in the deep 
muscular layer. The pectineus muscle is innerved by the femoral nerve 
and the obturator nerve. The adductor magnus is innervated by the 
obturator nerve or by the ischiatic nerve and the tibial nerve. The adduc-
tor longus and the adductor brevis are innervated only by the obturator 
nerve. In the gluteal region, the muscles performing adductor functions 
are the obturator externus muscle innervated by the obturator nerve, the 
quadratus femoris muscle innervated by the ischiatic nerve, and the 
quadratus femoris muscle nerve. 
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sleep. The painful event can occur during competition and/or 
training. It can already be present prior to exercise and disap-
pear during warm-up, reappearing later during activity or 
appearing after the exercise, while cooling down, or even the 
morning after. In extreme cases, symptoms can effectively 
preclude performance. Pain may radiate outward and extend 
along the adductor and/or abdominal muscles in the direc-
tion of the perineum and the genitals. This generates possible 
diagnostic errors [ 79 ]. The functional defi cit is obviously 
correlated with pain intensity. 

 From an objective point of view, the patient can complain 
of pain at palpation, resisted contraction, and during stretch-
ing. In addition, clinical examination is based on several 
muscle tests based both on active contractions and on passive 
and active muscle stretching [ 80 – 83 ]. Moreover, in this 
 context, it is important to observe how the patient moves, 
walks, and undresses [ 84 ]. 

8.4.1     Imaging 

 Radiological investigations can help in groin pain syndrome 
diagnosis. Pelvic X-rays highlighting the pubic symphysis 
are always advisable to rule out possible bone erosion, pubic 
branch dissymmetry, osteoarthritis (also frequent in young 
subjects), hip joint pathology, and especially tumors or 
 avulsion fractures [ 85 – 87 ]. It is important to emphasize how 
through a dynamic X-ray made in alternating monopodalic 
support, the so-called fl amingo views (Fig.  8.1 ), when a 

 vertical offset greater than 3 mm between the pubic horizon-
tal branches is found, we can make the diagnosis of symphy-
sis instability [ 44 ,  88 ,  89 ]. Musculoskeletal ultrasound (US) 
fi nds its indication in inguinal hernia suspicion. It can high-
light edema areas, hematomas (in the case of muscle–tendon 
tears), myxoid degeneration areas, chondral metaplasia or 
metaplastic calcifi cation, and fi brosis [ 30 ,  90 ] with the 
advantage of having the possibility of being carried out in 
dynamic conditions. This highlights musculofascial move-
ments and, in particular, inguinal bulging (inguinal canal 
posterior wall weakness). However, US currently falls short 
in the identifi cation of infl ammatory and degenerative bone 
processes.  

 Nuclear bone scan is a highly sensitive but nonspecifi c 
tool. Every type of symphysis bone lesion of traumatic, 
tumoral, or infectious etiology would lead to an increased 
uptake activity at the symphysis level [ 30 ,  91 ,  92 ]. However, 
a previous uptake that normalizes after conservative treat-
ment is an important factor which may play a role in making 
a decision for possible return to sports activity [ 91 ,  93 ,  94 ]. 

 Magnetic resonance imaging (MRI) is considered the 
gold standard examination providing detailed information 
concerning both bone and insertion structures [ 8 ,  30 , 
 86 ,  89 ]. An MRI groin pain-specifi c protocol should include 
sequences covering the entire bony pelvis as well as 
 higher- resolution sequences dedicated to the pubic 
 symphysis region. A relatively outperformed model like 
a 1.5 T MRI unit is an adequate instrument to generate 
high-quality images of the pelvis, while a 3 T scanner can 

a b

  Fig. 8.1    A double-stance X-ray ( a ) compared to a dynamic fl amingo 
view X-ray ( b ) made in alternating single-stance support (in this case in 
single right stance). The subject, a 25-year-old professional football 

player, shows a vertical offset greater than 3 mm between the pubic 
horizontal branch that allows us to make the diagnosis of symphysis 
instability       
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offer  indubitable advantages in signal and resolution but is 
also prone to generate more imaging artifacts [ 95 ]. Images 
must be acquired in standard coronal, sagittal, and axial 
planes; however, it is important to underline that coronal 
oblique imaging plane performed along the anterior margin 
of the iliac crest is a very important sequence for optimal 
assessment of the rectus abdominis/adductor longus com-
mon aponeurosis at the pubic level [ 96 ]. Some authors pro-
posed the use of intravenous contrast, but its use generally 
adds little in the identifi cation of lesions, and a non-contrast 
 protocol at 1.5 T can be considered standard [ 52 ]. 

 One of the most important advantages in the use of MRI 
for the assessment of patients affected by groin pain is its 
high sensitivity for a wide array of both musculoskeletal and 
visceral lesions that may concur to the symptomatology. In 
effect, it is not uncommon to discover an unsuspected lesion 
with pelvic MRI. For these reasons, it is important to include 
in MRI protocol several large fi eld of view sequences cover-
ing the entire bony and visceral pelvis even if there is a 
strong suspicion for a simple pubic symphysis lesion. In 
fact, it is not uncommon that the groin pain is caused by 
bursitis, benign and malignant soft tissue tumors in various 
locations around the pelvis, visceral pelvis sources such 
endometriosis and infl ammatory bowel disease, osseous 
injuries such stress fracture, primary osseous tumor such as 
osteoid osteoma, or scarring and fi brosis related to prior her-
niorrhaphy. With a deep MRI evaluation protocol, the 
majority of these lesions should be observed or at least sus-
pected [ 97 ].   

8.5     Rehabilitation and Treatment 
Strategy 

8.5.1     Type of Exercise and the Progression 
of Work Plan 

 Concerning the type of exercise, the study with the strongest 
evidence considers strengthening exercise as the main com-
ponent of the work plan [ 80 ,  98 ,  99 ]. Target muscles 
involved are the adductor, abductor, hip fl exor, and deep and 
superfi cial abdomen muscles. The progression begins with 
isometric contractions and continues with concentric and 
eccentric exercises, reaching the functional standing posi-
tion. This is to be as similar as to those required by the ath-
lete’s specifi c sport activity during the last stage of the 
rehabilitation  protocol. Isokinetic exercises should also be 
present throughout the protocol. Holmich et al. [ 80 ] used a 
predetermined  graduated exercise protocol, while many 
researches adopt the following criteria for exercise 
progression:
    1.    Absence of pain during exercise   
   2.    Full acquisition of functional control   

   3.    Ability of performing functional exercise or a 
 predetermined number of repetitions    
  The available evidence suggests that strengthening 

 exercise represents an important component in an effective 
work plan. However, variability between the different 
 protocols in terms of the muscle concerned does not allow 
for a conclusion to be reached on the specifi c target muscle 
group [ 80 ,  98 ,  99 ]. Conversely, research shows a unifor-
mity of exercise progression from the isometric modality to 
be completed by sport-specifi c functional standing 
positions.  

8.5.2     The Intensity, the Frequency, 
and the Duration of Exercise 

 To the best of our knowledge, only one reliable study may 
be found in the available literature providing enough detail 
concerning intervention frequency and duration of exercise 
[ 80 ]. This study suggests a work plan of 90 min of strength-
ening exercises for the hip and abdominal muscles to be per-
formed three times per week for an overall duration of 8–12 
weeks. According to this research, the outcome is good, 
allowing the athlete to return to sport activities without 
groin pain. 

 The duration of conservative treatment is between a mini-
mum of 2–3 weeks [ 14 ] and a maximum of 6 months gener-
ally [ 100 ]. The majority of authors agree on a duration of 
around 6 months [ 23 ,  92 ,  94 ,  101 – 104 ]. In summary, it is 
clear that the variation in duration of rehabilitation work 
plans used refl ects the variation in the severity and multifac-
torial characteristics of groin pain.  

8.5.3     Therapeutic Interventions 

 In essence, the majority of studies report the use of one or 
more co-interventions, from manipulation techniques and 
massages [ 92 ,  102 – 104 ] to anti-infl ammatory [ 18 ,  98 ,  100 , 
 101 ,  105 ] and corticosteroid medication [ 58 ,  106 ,  107 ]. 
Some studies included jogging, running, and cycling as 
 co- interventions [ 56 ,  98 ,  99 ,  104 ]. Furthermore, some stud-
ies underline the importance of physiotherapist-supervised 
 exercise programs [ 56 ,  99 ,  102 ].  

8.5.4     Surgical Treatment 

 As previously discussed, groin pain  syndrome may be caused 
by several pathologies responding to conservative therapy. 
However, if conservative therapy fails, then a surgical option 
must be considered. In this fi nal section, we will briefl y 
describe the most common diseases requiring such treatment.  
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8.5.5     Inguinal Hernia 

 Athletes are susceptible to inguinal (direct and indirect) 
 hernias like the general population and sometimes even 
more, especially in sports like weightlifting. However, in 
athletes, direct hernias are more frequent [ 108 ]. Real-time 
dynamic US during a provocative maneuver, such as 
Valsalva, may help visualize a subtle hernia possibly causing 
symptoms only during sport activity and otherwise diffi cult 
to detect. The risk of complications such as bowel incarcera-
tion and strangulation is not an issue in this case; it is impos-
sible to participate in sports due to pain. This is why in most 
cases posterior wall weakness of the inguinal canal are surgi-
cally repaired [ 109 ]. 

 Even though surgical treatment is successful in the large 
majority of cases, one should bear in mind the possibility of 
surgical complications and, in some cases, the inability to 
achieve prior levels of athletic performance [ 52 ]. It has been 
proposed that this variability in surgical repair outcome is 
occasionally due to the increasing stabilization of the pubic 
region because of progressive fi brosis [ 52 ]. However, patients 
with inguinal hernia have little chance of success with con-
servative treatment [ 52 ,  110 ]. After herniorrhaphy, an aver-
age of 87 % of the athletes have a positive outcome and are 
able to return to full and unrestricted athletic activity in 4 
weeks or less [ 29 ,  110 ,  111 ].  

8.5.6     Sports Hernia 

 Sports hernia, also known as sportsman’s hernia, athletic 
hernia, and incipient hernia, represents a diffi cult clinical 
problem [ 112 ]. 

 The diagnosis of sports hernia is formulated when no 
inguinal hernia is found but there is persistent inguinal pain 
during sports activity. The symptoms resemble an hernia and 
are present only during sport. We must also point out that 
some authors underline that sports hernia is often associated 
with femoroacetabular dysplasia and/or femoroacetabular 
impingement [ 113 ]. 

 There also is no hernia present on physical examination 
and ultrasound, hence the term sports hernia (Fig.  8.2 ). 
Sports hernias rarely improve without surgery [ 11 ,  114 – 118 ], 
and surgical repair should be considered when conservative 
treatment over a period of 6–8 weeks has failed. Careful 
examination has to additionally exclude other potential pain 
sources [ 112 ,  119 ].  

 Some authors propose laparoscopic repair with pros-
thetic mesh [ 120 ,  121 ]. This “tension-free” technique 
involves placing prosthetic material suitably shaped, non-
absorbable, and biocompatible. This acts as mechanical 
reinforcement of the abdominal wall [ 120 ,  121 ]. However, 
the mesh has no elasticity and creates more scar tissue, and 

mesh-related complications can occur years after surgery. 
Another  laparoscopic method used for the treatment of 
sport hernias is inguinal release procedure [ 122 ]. After lap-
aroscopic repair, the recovery before full return to competi-
tion is  generally between 2 and 8 weeks [ 110 ,  115 ,  119 , 
 123 – 128 ]. 

 Some authors prefer open surgical inguinal repair: 
Shouldice repair, Maloney darn, or Bassini with or without 
adductor longus tenotomy or only the “minimal repair” of 
the weak area of transversalis fascia [ 14 ,  129 ,  130 ]. In a 
meta-analysis study [ 119 ], the authors found that the period 
of time to return to sport is on average 17.7 weeks for patients 
who underwent open approaches and 6.1 weeks for laparo-
scopic repairs. Several authors underline mesh-related com-
plications such as infections with chronic groin infection and 
fi stula formation. These complications sometimes require 
mesh removal [ 131 ] or cause mesh migration and penetra-
tion into the bladder or bowel [ 132 ,  133 ]. In addition, a for-
eign body reaction with decrease of arterial perfusion and 
testicular temperature [ 134 ] accompanied by secondary azo-
ospermia may occur [ 134 ,  135 ]. 

 It is interesting to note that Muschaweck et al. [ 112 ,  130 ] 
after previously utilizing the Shouldice repair under local 
anesthesia for years, in 2000 developed a new surgical tech-
nique called the “minimal repair technique.” The aim of this 
surgical intervention was to stabilize the posterior wall by a 
tension-free suture without the use of a prosthetic mesh and 
by repairing only the weak spot of the transversalis fascia. 
The authors chose to avoid the use of a prosthetic mesh to 
allow the athlete’s full elasticity and muscle sliding between 
the abdominal muscles after surgery [ 112 ]. According to 
some authors, opinions regarding this technique apart from 
avoiding prosthetic mesh insertion have several advantages. 

  Fig. 8.2    Left inguinal ultrasound in a 27-year-old professional foot-
baller that shows a modest pre-hernial area with about 8 mm of intesti-
nal loop in correspondence to the weak zone. This situation is 
pathognomonic for sports hernia       
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These include not requiring general anesthesia, less 
 traumatization, and a lower risk of severe complications. 
The authors underline a quicker resumption of sports activity 
following this surgical technique compared to the laparo-
scopic or open surgery with mesh insertion. They report that 
on average their patients resumed moderate training after 7 
days and felt complete relief of pain after 14 days. Return to 
full activity was achieved after 18.5 days [ 112 ].  

8.5.7     Adductor Tendinopathy 

 With the increase of knowledge of the pubic symphysis’ com-
plex anatomy, the incidence of isolated adductor tension 
lesion has seemingly decreased [ 96 ]. In any case, adductor 
tendinopathy is one of the most common causes of groin pain 
syndrome in athletes in athletes and is most often associated 
with either rectus abdominis/adductor longus aponeurosis 
lesions or midline pubic plate lesions (i.e., lesions originate at 
the midline of the pubis and propagate either unilaterally or 
bilaterally, also called “midline core muscle injuries”). One of 
the main causes of groin pain syndrome  is the imbalance 
between the abdominal and hip adductor muscles, with the 
abdominals too weak or the adductors too strong [ 5 ]. Adductor 
tendinopathy is frequently related to an adductor longus over-
use or to its aponeurotic injury [ 136 ]. A vast majority of 
patients respond positively to conservative treatment, both in 
the case of overuse tendinopathy or in muscle–tendon injury. 
There are not many scientifi c papers on failed conservative 
treatment on chronic adductor-related groin pain [ 137 ]. 
Adductor tenotomy is proposed for cases nonresponsive to 
conservative treatment [ 5 ,  136 – 139 ]. The criteria for surgery 
is a history of long-standing (ranging from 3 to 48 months 
according to various authors) and of distinct pain at the origin 
of the adductor longus muscle, refractory to conservative 
treatment. The operation is performed by releasing the ante-
rior ligamentous fi bers of the adductor longus while keeping 
the fl eshy part of the muscle intact on the deep aspect, thus 
minimizing the loss of adductor strength after surgery and 
constituting a template for future regrowth of the tendon. In 
the patients undergoing tenotomy, there is an average of 10 % 
postoperative strength reduction which does not result in any 
obvious functional or speed limitation because other muscles 
in the adductor group, namely, adductor brevis, adductor mag-
nus, and pectineus, take over adductor longus function [ 140 ]. 
In the reported studies [ 129 ,  136 ,  137 ], the subjects returned 
to competitive sport after 19.8 weeks (range 27–14 weeks). 
The cited studies report that following surgery, 70.6 % of the 
subjects (range 90–62 %) performed sport activities at the 
same level, 24 % (range 32–9 %) performed sports activities 
at a reduced level, and 5 % had to stop sport activities alto-
gether. It is interesting to note that some authors associate the 
adductor tendon release to a pelvic fl oor repair [ 45 ,  141 ]. 

 Surgically treated adductor acute tears are rarely described 
in scientifi c literature. We could fi nd only one study [ 138 ] 
reporting three cases of acute proximal adductor longus 
insertional tear repaired with anchor sutures and followed by 
postoperative rehabilitation. The patients followed in this 
study resumed their full sport ability after 5, 6, and 7 months, 
respectively.  

8.5.8     Osteitis Pubis 

 Osteitis pubis is a common medical problem in soccer 
 players, long-distance runners, and hockey players. In terms 
of etiology, the main risk factor is believed to be pubic sym-
physis instability [ 52 ]. This causes a chronic, repetitive shear 
and an imbalanced tensile stress of the muscles inserted on 
the pubic symphysis. This biomechanical alteration can 
cause an infl ammatory response with osteitis and periostitis. 

 Normally, from a radiological point of view, into the MRI 
pubic symphysis evaluation, any subchondral bone marrow 
edema, bony sclerosis, or cystic or osteophytic formation is 
termed osteitis pubis. This type of assessment is not entirely 
correct. In effect, a true active osteitis pubis should include 
at least an element of subchondral bone marrow edema 
(often asymmetric) spanning the pubis joint anterior to 
 posterior on axial fat-suppressed sequence (Fig.  8.3 ). This 
bone marrow edema extending into the anteroposterior 
totality of pubic rami should be distinguished from 

  Fig. 8.3    MRI axial STIR showing bone marrow edema extending to 
the whole surface of the right pubic branch in a 27-year-old profes-
sional football player. This bone marrow edema extending into the 
anteroposterior totality of pubic rami is pathognomonic for osteitis 
pubis and should be distinguished from sub-entheseal marrow edema at 
the pubic tubercle level sometimes present in a rectus abdominis and/or 
adductor longus tendinopathy without osteitis pubis at the symphysis       
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 sub-entheseal marrow edema at pubic tubercle level 
 sometimes present in a rectus abdominis and/or adductor 
longus tendinopathy  without osteitis pubis at the symphysis 
[ 96 ,  142 ]. It is in any case important to note that osteitis 
pubis is strongly associated with rectus abdominis and/or 
adductor longus tendinopathy [ 96 ]. Osteitis pubis is nor-
mally a “self-limiting” disease and requires a lengthy treat-
ment of 12-month duration on average [ 105 ]. The 
management is initially conservative with physical rehabili-
tation, NSAID, and/or steroid injections. The historical sur-
gical treatment options were symphysis curettage and 
arthrodesis and are now abandoned by the majority of sur-
geons. This is due to the lack of results and frequent side 
effects. In most cases, adductor tenotomy/surgical abdomi-
nal strengthening is reserved for the subjects with symptoms 
nonresponsive to conservative treatment [ 52 ,  107 ].  

 In any case, it is important to note that for some authors 
[ 143 ], “osteitis pubis” is a vaguely defi ned diagnosis. Osteitis 
pubis is a term originally used to describe an infection at the 
pubic bone at the symphysis joint level. In effect, the osteitis 
pubis characteristic radiologic fi ndings, that is, widening of 
the symphysis, bone resorption, and sclerosis along the pubis 
rami, can often be found also in athletes without groin pain. 
This could be explained by the fact that groin-straining sport 
activity, for example, football or ice hockey, increases the 
shearing forces at the symphysis joint level. The high stress 
level in the symphysis might thus lead to these radiological 
signs, therefore indicating an increased mechanical load at 
the joint level rather than pathology. Hölmich [ 143 ] com-
pares this situation with a knee joint effusion: this is in itself 
not an injury but a result of an overused or injured knee and 
therefore is not a diagnosis in itself. Especially concerning 
the bone marrow, edema is possible that this one in athletes 
represents a normal sign of bone remodeling, which may 
become symptomatic once loading exceeds a certain thresh-
old. According to the authors, for these reasons, the term 
“osteitis pubis” should not be used as a specifi c diagnosis in 
the case of groin pain syndrome, unless an infection is pres-
ent in the pubic bone. In effect, the term should be used to 
describe “osteitis pubis-like” radiological changes at the 
symphysis joint level.  

8.5.9     Hockey Goalie–Baseball Pitcher 
Syndrome 

 This unusual syndrome is caused by an epimysial or 
 myofascial herniation of the adductor longus muscle belly. It 
occurs several centimeters away from the site of its pubic 
attachment [ 141 ]. The etiology of myofascial herniations in 
hockey goalie–baseball pitcher syndrome has not been 
 established. However, several authors suggest a relationship 
with chronic repetitive stress at the level of neurovascular 

penetration [ 144 ]. The treatment for chronic pain is surgical 
epimysiotomy and debridement [ 145 ].  

8.5.10     Acetabular Labral Tear 

 Generally, hip pathology may cause groin pain due to syno-
vitis, osteoarthritis, intra-articular loose bodies, and tears of 
the ligament teres. The most common problems are acetabu-
lar labral tears [ 146 ]. The anterior–superior part of the 
labrum is poorly vascularized, and for this reason, it is sus-
ceptible to injuries, particularly during hyperextension and 
external rotation [ 146 ,  147 ]. Dance, golf, hockey, and soccer 
are sports associated with a higher incidence of hip injuries 
[ 148 ]. 

 Labral tears are initially managed conservatively with rest 
and NSAID therapy. Subjects with persistent symptoms 
often require labrum surgical debridement. During the oper-
ation, the surgeon might decide to also correct other morpho-
logic abnormalities of the acetabulum or the proximal femur 
predisposing the patient to femoroacetabular impingement. 
This will prevent progressive cartilage loss and osteoarthritis 
[ 149 ,  150 ]. 

 Hip arthroscopy is both a diagnostic (gold standard) and 
therapeutic tool, although it is technically more diffi cult than 
arthroscopy of other joints such as the knee or shoulder. 
During this procedure, to access the hip joint, it is necessary 
to distract the hip for approximately 10–15 mm. This trac-
tion may cause several complications such as neuropraxias 
[ 149 ]. In a number of other case series, arthroscopy has 
shown to provide benefi t in recent traumatic labral injury 
[ 151 – 153 ]. It is also important to note that the often disap-
pointing chronic hip pain is probably due to degenerative 
change and chondral lesions of the acetabulum [ 154 ,  155 ].  

8.5.11     Internal Snapping Hip 

 The internal snapping hip or coxa saltans may be an occa-
sional cause of pain in the anterior part of the hip and in the 
inguinal region. This pathology is characterized by a typical 
snapping sensation frequently accompanied by a snapping 
sound that the patient adverts when the tendons near the hip 
joint pass over an osseous protuberance. The internal snap-
ping hip may be of extra-articular or intra-articular source. 
The internal snapping hip is defi ned as extra-articular when 
it is caused by the snap of the iliopsoas tendon over the ilio-
pectineal eminence, at the level of the anterior region of the 
hip. The slippage and the resulting “snap” of the iliopsoas 
tendon occur usually when the subject passes from a posi-
tion of fl exed, abducted, and externally rotated hip to an 
extended adducted and internally rotated position. When this 
situation is chronically repeated, it can give rise to iliopsoas 
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tendonitis and bursitis [ 156 ]. Conversely, the intra-articular 
internal snapping hip is caused by acetabular labrum lesions 
or articular cartilage lesions that may be interposed between 
the surface of the femoral head and the surface of the acetab-
ulum during hip motion. A further cause of intra-articular 
internal snapping hip can be represented by the presence of 
loose bodies within the joint such as cartilaginous fragments 
and/or calcifi cations [ 156 ]. The conservative treatment con-
sists of pain control with NSAID therapy and/or corticoste-
roid injections in cases of bursitis; iliopsoas muscle 
stretching is also recommended [ 156 ,  157 ]. Surgical length-
ening of the iliopsoas tendon (in extra-articular internal 
snapping hip) or cartilage repair and/or the removal of loose 
bodies (in intra- articular internal snapping) occasionally is 
necessary in patients that do not respond to conservative 
treatment [ 147 ].  

8.5.12     Osteoid Osteoma 

 Osteoid osteoma is a benign bone tumor usually observed 
in subjects between the ages of 5 and 30 years. Usually it is 
most common in the long bones, especially in the femur 
and tibia. It can also involve the pubic bones where it may 
cause groin pain [ 52 ]. Total removal of the osteoid osteoma 
generally results in a complete resolution of symptoms, 
while its partial removal may lead to recurrent symptoms 
[ 158 ,  159 ].  

8.5.13     Nerve Entrapment 

 The groin and upper thighs and sensory and motor innerva-
tions are provided by several nerves including the obturator, 
femoral, iliohypogastric, genitofemoral, ilioinguinal, and 
lateral femoral cutaneous nerves. An entrapment of any of 
these structures may cause groin pain [ 48 ,  58 ,  155 ]. For 
example, obturator nerve entrapment may be caused from a 
fascial thickening of the adductor compartment or a “mass 
effect” caused by an obturator hernia, a pelvic fracture, or an 
acetabular paralabral cyst [ 41 ,  52 ,  160 ]. Femoral nerve 
entrapment may be caused by some surgical procedures such 
as hip arthroplasty, herniorrhaphy, or abdominal hysterec-
tomy [ 142 ]. Ilioinguinal and genitofemoral nerve entrap-
ment can be observed after abdominal surgery in blunt 
trauma or in muscle hypertrophy [ 147 ]. If the nerve entrap-
ment is suspected, elimination of symptoms by local anes-
thetic infi ltration and nerve conduction studies can be 
considered. 

 The treatment of nerve entrapment syndromes often 
requires a surgical solution normally consisting in debride-
ment of the perineural scar tissue or division of constricting 
fascia [ 147 ].   

8.6     Return to Play 

 At the beginning of this chapter, we pointed out that the “key 
concept” in the diagnosis, and therefore the treatment, of 
groin pain is that the term “groin pain” does not represent a 
diagnosis but only a symptom or better a cohort of symp-
toms. For this reason, it is clear that it is not possible to gen-
eralize regarding the time to return to sports after conservative 
or surgical treatment. Besides the fact that every sporting 
activity must be assessed according to the specifi c imposed 
functional demands, the recovery times and the therapeutic 
program are obviously dependent from the groin pain etio-
pathogenesis. Furthermore, it is clear that, independently 
from the groin pain etiopathogenesis, it is extremely impor-
tant to adopt a strategy which allows to reduce to a minimum 
the risk of recurrence. In general, we can say that a correct 
balance of muscle forces acting on the pelvis in addition to 
an adequate strength of the core muscles may represent the 
principal strategy to adopt. However, to date, literatures are 
still lacking good evidence studies that may indicate both the 
effectiveness of a preventive strategy or the means most indi-
cated to its development.  

    Conclusions 

 The groin pain syndrome  is an interesting and controver-
sial subject of discussion, especially regarding therapeu-
tic management, either conservative or surgical. 

 It is very important to underline the enormous impor-
tance in this fi eld for proper and early diagnosis. Only 
after having diagnosed precisely, the etiology is that it is 
possible to refer the patient to the most appropriate type 
of treatment. For this reason, clinical examination should 
be supported by appropriate imaging studies which help 
the treating specialist in reaching a diagnosis. Conservative 
treatment, where it is recommended, should follow clearly 
defi ned intervention criteria in relation with the patient’s 
functional progress and in full respect of the pain reported 
by the subject.     
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         Achilles tendinopathies are typical overuse injuries charac-
terized by a combination of pain and swelling in and around 
the Achilles tendon, accompanied by impaired performance 
[ 1 ,  2 ]. In the last decades, terminology for impaired Achilles 
tendon disorders has changed constantly, so the lack of a 
common terminology led to semantic confusion. 

 In 1976, Perugia et al. were the fi rst to propose a terminol-
ogy based on histological fi ndings [ 3 ]. They differentiated 
infl ammatory disorders in peritendinitis, with infl ammation 
of the peritendinous sheaths; peritendinitis with tendinosis, 
when tendon degeneration is associated with involvement of 
its sheaths; and pure tendinosis, characterized by degenera-
tive phenomena exclusively. Tendinosis implied tendon 
degeneration, without any clinical or histological signs of 
intratendinous infl ammation. 

 In 1998, Maffulli suggested to use the broadly used terms 
“tendinosis,” “paratendinitis,” and “tendinitis” only if histo-
pathologically proven, not in clinical practice when discuss-
ing overuse tendon injuries [ 1 ]. In everyday clinical practice, 
he suggested the term tendinopathy to name the clinical syn-
drome of pain, swelling, and impaired performance. 

 The fi rst classifi cation according to location of pain was 
in 1992, when Clain and Baxter divided the defi nitions of 
Achilles “tendinitis” in insertional and non-insertional [ 4 ]. 

 Actually, the defi nitions for Achilles tendon disorders 
comprise anatomic location, symptoms, clinical fi ndings, 
and histopathology [ 5 ]. 

 Midportion Achilles tendinopathy defi nes a pathology 
located 2–7 cm from the calcaneal insertion and involved 
degeneration of the tendon proper (tendinosis). Paratendi-
nopathy is an acute or chronic infl ammation of the tendon 
sheath, which causes pain during exercise and local swelling. 

Insertional Achilles tendinopathy is located at the insertion 
of the Achilles tendon onto the calcaneus, possibly with the 
formation of bone spurs and calcifi cations in the tendon 
proper at the insertion site [ 5 ]. 

 Midportion Achilles tendinopathy accounts for approxi-
mately 66 % of Achilles tendon pathology; disorders of the 
Achilles insertion account for another 20–25 % [ 6 ]. 

9.1     Etiology 

 The basic etiology of Achilles tendon overuse injuries is 
multifactorial. Several intrinsic and extrinsic factors predis-
pose to these problems. 

 The most frequent intrinsic factor is malalignment of the 
lower extremity. Kwist found some kind of lower limb 
malalignment in 60 % of patients with Achilles tendon dis-
orders [ 6 ]. The most common malalignment is foot hyper-
pronation. Other predisposing factors are excessive motion 
of the hindfoot in the frontal plane (a lateral heel strike with 
compensatory pronation), limited range of motion of the 
ankle joint, and forefoot varus [ 7 ,  8 ]. Leg length discrep-
ancy is another contributing factor. A discrepancy of more 
than 5–6 mm in elite athletes may be symptomatic, and a 
shoe insert is recommended for more than 10 mm of differ-
ence [ 8 ]. Muscle weakness and imbalance can predispose 
to Achilles tendinopathy; muscular strength, endurance, 
and fl exibility are important in the prevention of tendon 
injuries [ 8 ,  9 ]. 

 Ankle joint laxity (e.g., secondary to a ligament injury) is 
another cause of Achilles tendinopathy [ 10 ]. Chronic 
Achilles tendon disorders, in particular insertional tendinop-
athy, are more common in older athletes than in younger 
(<20 years) ones [ 11 ,  12 ]. 

 Less common intrinsic factors are infl ammatory arthropa-
thies, diabetes, hypertension, obesity, gout, hyperostotic 
conditions, and lipidemias [ 13 ]. 

 The most common extrinsic factors are related to sport 
participation. They are associated with strenuous physical 
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activities such as running and jumping. The annual incidence 
of Achilles disorders in top-level runners is between 7 and 
9 % [ 6 ]. 

 Excessive loading of the lower extremities and training 
errors were found in 60–80 % of patients with Achilles ten-
dinopathy [ 6 ,  13 ]. Inadequate footwear, irregular training 
surfaces, poor technique, or changes in training pattern can 
contribute to onset of the disease [ 14 ]. Even some drugs pre-
dispose to Achilles tendon pathology, like corticosteroids 
(local and systemic), fl uoroquinolones, anabolic steroids, or 
narcotics; they inhibit tenocyte proliferation and reduce col-
lagen and extracellular matrix synthesis.  

9.2     Injury Mechanism 

 Overuse Achilles injuries are consequences of repetitive ten-
don strains. When tendon has been repeatedly strained to 
5–8 % strain, microscopic disruption of the tendon fi bers 
occurs. The high frequency of this process outpaces the 
intrinsic healing capacity of the tendon. To be homogeneous 
and stiff, the tendon tissue is poorly vascularized, so its anab-
olism is slow. Vascularization is particularly reduced in the 
central third of the tendon, a region 2–6 cm far from the cal-
caneal insertion. 

 The impaired healing response led to intrinsic tendon 
degeneration (tendinosis), which is histologically recognized 
as haphazard proliferation of tenocytes, cellular degenera-
tion, and disruption of collagen fi bers with increase in non-
collagenous matrix [ 1 ,  15 ,  16 ]. 

 Peritendinitis is an acute infl ammation of the tendon 
sheath caused by excessive forces on the tendon. Acute 
peritendinitis is characterized by edema and hyperemia of 
the paratenon with infi ltration of infl ammatory cells and 
production of a fi brinous exuding chronic peritendinitis; 
the exudate rich in fi brin led to paratenon thickening and 
forms adhesion between tendon, paratenon, and crural 
fascia [ 17 ]. 

 At the calcaneal insertion, Achilles tendinopathy affects 
more frequently the anterior aspect of the tendon. As the 
posterior aspect undergoes a higher strain on dorsifl exion, it 
has been thought that stress shielding and potential under-
use phenomenon play a role in the etiology of insertional 
tendinopathy [ 18 ]. Insertional tendinopathy is also associ-
ated with a posterosuperior calcaneal prominence, also 
called Haglund’s disease; this is an insertional spur second-
ary to an adaptive process to tendon microtears or infl am-
matory changes rather than their cause. Moreover, the 
retrocalcaneal bursa is squeezed between the tendon and the 
calcaneal prominence during dorsifl exion; this repetitive 
process could lead to infl ammation, synovial fold hypertro-
phy, and bursitis.  

9.3     Clinical and Diagnostic Examination 

 A careful history collection and a detailed clinical examina-
tion are mandatory for a correct diagnosis. Diagnostic imag-
ing is required to verify a clinical suspicion or to exclude 
other musculoskeletal disorders, such as os trigonum syn-
drome, pathologies of the peroneal tendons or the plantar 
fl exors, and neuroma of the sural nerve [ 14 ]. 

 Pain is the main symptom of Achilles tendinopathy. 
Generally, it occurs at the beginning and at the end of a train-
ing session, with a period of decreased discomfort in 
between. In severe cases, it can oblige the athlete to stop it 
and also interfere with activities of daily living. A report of 
morning stiffness is also indicative. 

 Clinical examination should be performed with the patient 
standing and then prone. 

 The foot and the heel should be examined for any 
malalignment, deformity, Haglund’s heel, asymmetry in the 
tendons widths, and localized thickening. 

 The fi rst clinical test to perform is the calf squeeze test, 
to exclude a rupture of the Achilles tendon. Then tendon 
excursion should be estimated to determine any tightness or 
painful arc of movement. Any tendon swelling should be 
evaluated also during active ankle dorsifl exion and plantar 
fl exion. Moreover, a careful palpation of the entire length 
of the tendon permits to detect any swelling or nodule and 
any tender point. The tendon should be gently squeezed 
between the thumb and the index fi nger (Fig.  9.1 ). A local-
ized area of tendon swelling 2–6 cm proximal to the calca-
neal insertion with a painful nodule that moves with the 
tendon during ankle movements is indicative of midportion 

  Fig. 9.1    Palpation of a left Achilles tendon. The tendon should be 
squeezed between the thumb and the index fi ngers; this procedure 
should be performed for all the length of the tendon to appreciate any 
swelling or nodule       
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Achilles  tendinopathy. If the localized tenderness and 
swelling remains fi xed during dorsifl exion and plantar fl ex-
ion, it is indicative of paratendinopathy. In acute paratendi-
nopathy, fi brin precipitation around the tendon can cause 
palpable crepitation when the skin is glided over the ten-
don; when paratendinopathy moves to chronic, crepitation 
reduces. A warm tendon is another indicative sign of 
paratendinopathy.  

 Other tests are performed with the patient standing. 
Tendon stretching during passive dorsifl exion of the ankle is 
performed placing the affected leg backward and leaning 
forward; the heel must not lift off the ground. The test is 
positive if the patient complains of pain during the exercise. 
Other tests are the single-leg heel raise, performed by the 
patient rising up onto tiptoes and lowering back to the fl oor 
on the affected leg, and the hop test, performed by the patient 
hopping forward over a line marked on the fl oor. Weakness 
and/or pain during these exercises are suspected for Achilles 
tendinopathy. 

 Anyway, in evaluating reproducibility and accuracy of all 
these clinical test for Achilles tendinopathy, Hutchison et al. 
demonstrate that “palpation” and “self-reported pain” are the 
most valid ones [ 19 ]. 

 Imaging studies are important to confi rm the diagnosis 
and to evaluate the entity of the disease and its evolution. 
They comprise magnetic resonance imaging, ultrasonogra-
phy, color and power Doppler, and sonoelastography. 

 Magnetic resonance imaging (MRI) provides extensive 
information about the internal and external morphology of 
tendon. It is useful to evaluate the stages of chronic degen-
eration and to differentiate between paratendinopathy and 
tendinopathy. Mucoid degeneration (altered collagen fi ber 
structure and increased extracellular matrix) is visible as 
increased signal intensity areas on T1- and T2-weighted 
images (Fig.  9.2 ). Any peritendinous fl uid or infl ammation 
is clearly visible as hypointense in T1 and hyperintense in 
T2 [ 20 ].  

 Ultrasonography is more widespread and easier to obtain 
than MRI, even if it is operator dependent. Tendon thicken-
ing and peritendinous swelling or edema are easily detect-
able with US. Intratendinous hypoechoic areas are signs of 
Achilles tendinosis. One of the main advantages of US in 
comparison with other imaging modalities is the interactive 
facility, which helps in reproducing symptoms by transducer 
compression and concentrate on the pathologic area [ 21 ]. 

 Color and power Doppler improve standard ultrasound 
tendon imaging demonstrating entity and pattern of the blood 
fl ow in the tissue. In normal Achilles tendon, blood fl ow is 
not detectable; in Achilles tendon disorders, blood fl ow 
increases and is linked with greater pain scores, poorer func-
tion, and longer symptoms in the Achilles tendon [ 22 ]. 

 Sonoelastography is a novel US technique that can assess 
the elastic properties of tissues [ 23 ]. After a mechanical 
compression (performed by the examiner with the probe), 

a b

  Fig. 9.2    Magnetic resonance imaging of a 38-year-old female runner 
with left midportion Achilles tendinopathy. ( a ) T1 sagittal view shows 
midportion tendon thickening with an area of increased signal. 

( b ) Proton density axial view shows a hyperintense area into the tendon, 
sign of intratendinous mucoid degeneration       
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any tissue is deformed with a specifi c spatial and temporal 
pattern. The elastic properties of normal Achilles tendon are 
altered under pathological conditions, and a distinct intraten-
dinous softening can be detected by sonoelastography. This 
new promising technique could be useful in detecting early- 
stage tendinopathy and in monitoring its evolution during 
treatments.  

9.4     Treatment Strategy 

 Treatment differs according to the site of the disorder: inser-
tional or non-insertional. 

9.4.1     Non-insertional Achilles Tendinopathy 

9.4.1.1     Nonoperative Treatment 
 Conservative treatment is recommended as the initial  strategy 
by most authors [ 24 ]. 

 Identifi cation and correction of possible etiological fac-
tors combined with a symptom-related approach permit to 
return to previous activities in most patients; an 8-year fol-
low- up study showed a failure rate of only 29 % with conser-
vative treatment [ 25 ]. 

 Initial rest (complete or modifi ed activity), modifi cation 
of training regimes, specifi c exercises, and correction of 
underlying lower limb malalignment with orthoses (heel lift, 
change of shoes, corrections of malalignments) are the main-
stay of the treatment [ 26 ,  27 ]. 

 The use of nonsteroidal anti-infl ammatory drugs 
(NSAIDs) is debatable because there is no evidence of their 
effects on symptoms; moreover, the histologic absence of 
infl ammatory cells in the tendinopathic tissue led its use 
questionable [ 28 ,  29 ]. NSAIDs should even have detrimental 
effects; an in vitro study demonstrated that celecoxib inhibits 
tendon cell migration and proliferation [ 30 ]. 

 Corticosteroid injections are reported to reduce pain and 
swelling. These early benefi ts are counterbalanced by reports 
of adverse effects in up to 82 % of corticosteroid trials [ 31 ], 
in particular tendon rupture [ 32 ,  33 ] and decreased tendon 
strength [ 34 ,  35 ]. 

 Eccentric exercises are benefi cial in the early treatment of 
non-insertional Achilles tendinopathy; they lead to normal-
ization of tendon structure and reduction in neovasculariza-
tion, even if the exact mechanism by which they work is 
poorly understood [ 36 ,  37 ]. 

 Alfredson et al. reported return to normal activities at 
12 weeks in 82 % of cases in the group treated with eccentric 
exercises, compared with 36 % of patients treated with con-
centric exercises used concentric exercises; improvement 
was still present at 12 months [ 38 ,  39 ]. Anyway, the results 
of eccentric exercises observed from other study groups out 

from Scandinavia are less convincing, with only a 50–60 % 
of good outcome [ 40 ,  41 ]. 

 The results of extracorporeal shock wave therapy in  treating 
midportion Achilles tendinopathy are confl icting. Low- energy 
shock wave therapy and eccentric training produced comparable 
results, superior to the wait-and-see policy [ 41 ]. The combina-
tion of these two treatment strategies led to signifi cant improve-
ment and better outcome than eccentric exercises alone [ 42 ]. 

 Platelet-rich plasma (PRP) injection is going to become 
widely used in several orthopedic areas. It demonstrated 
improved tendon healing compared with control in vitro, but 
a randomized double-blind placebo-controlled trial showed 
no difference in improvement in pain and activity at 6 months 
[ 43 ,  44 ]. 

 Sclerosing therapy with polidocanol injections has the 
objective of destroying neovessels and the consequent neo-
nerves in the paratenon to reduce pain and even leading 
intratendinous remodeling. The fi rst authors introducing this 
treatment strategy reported good clinical results with 38 of 
42 patients satisfi ed at 2-year follow-up [ 45 ]. However, 
newer contrasting results have been reported. In a recent 
study, van Sterkenburg et al. reported that only 44 % of 53 
tendons were painless or minimally painful at 6 weeks after 
treatment with 3 sessions of ethoxysclerol injections [ 46 ]. 
Moreover, at 2.7–5.1-year follow-up, 53 % of tendons had 
undergone additional (nonoperative or surgical) treatment. 

 Peritendinous high-volume injections of anesthetic (10 ml 
0.5 % bupivacaine) and normal saline solution (40 ml) seem 
effective in reducing pain and improving function; anyway, 
these studies are limited case series and with limited follow-
up [ 47 ,  48 ]. 

 Intratendinous hyperosmolar dextrose injections (prolother-
apy) are another promising treatment in vitro but wide clinical 
studies with mid- and long-term follow-up are lacking [ 49 ].  

9.4.1.2     Surgical Treatment 
 Conservative treatment for midportion Achilles tendinopa-
thy fails to resolve symptoms and to allow sports resumption 
in 24–45.5 % of cases [ 50 ]. 

 Traditional surgical treatment consists in open release of 
adhesions with or without resection of the paratenon. Multiple 
tenotomies are performed to initiate vascular ingrowth from 
the surrounding tissue, and intratendinous areas of tendinop-
athy are excised [ 51 – 53 ]. If debridement is superior to 50 % 
or the tendon width, augmentation should be performed with 
plantaris tendon or turndown fl aps for small defects or tendon 
transfer (peroneus brevis, fl exor digitorum longus, fl exor hal-
lucis longus) for larger defects [ 54 ,  55 ]. 

 Recently, the transfer of a soleus pedicle graft into a central 
tenotomy was proposed, with the aim of increasing tendon 
blood supply and promoting a faster tendon healing (Fig.  9.3 ) 
[ 56 ]. When compared with longitudinal tenotomies, despite 
similar outcomes in postoperative functional scores at the 4-year 
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follow-up, soleus transfer allows a faster recovery and return to 
run but has a higher incidence of tendon thickening [ 56 ].  

 The main concern about open surgery for midportion 
Achilles tendinopathy is the non-negligible risk of wound 
healing complications [ 53 ,  55 ]. Other complications are 
nerve and soft tissues damage. Paavola et al., in a large series 
of 432 consecutive patients, reported an overall complication 
rate of 11 % at 5 months of follow-up [ 55 ]; the most frequent 
ones were wound edge necrosis (3 %), superfi cial infection 
(2.5 %), and sural nerve irritation (1 %). 

 Stripping of the paratenon follows the same principle of 
sclerosing injection: destroying the neovessel and the neo-
nerves around the Achilles tendon in order to reduce pain. 
This technique reported good results in 75–100 % of cases 
[ 57 ,  58 ], even if they were case series with a limited number 
of patients treated. Moreover, Naidu et al. reported a compli-
cation rate of 7 %, mainly due to delayed wound healing 
[ 58 ]. Endoscopic tendon debridement seems promising, but 

studies with a consistent number of patients are lacking [ 59 , 
 60 ]. Maquirriain performed 27 endoscopic paratenon 
debridement and longitudinal tenotomies in 24 patients with 
midportion Achilles tendinopathy [ 59 ]. All patients had an 
improved clinical outcome at a mean fi nal follow-up of 
7.7 years (range 5–14). 96 % of patients obtained a complete 
resolution of symptoms. Pearce et al. added plantaris tendon 
release to tenoscopy in 11 patients with midportion Achilles 
tendinopathy [ 60 ]. After a minimum follow-up of 2 years, the 
mean AOFAS scores improved from 68 preoperatively to 92 
postoperatively ( p  = 0.0002). Eight patients were satisfi ed.   

9.4.2     Insertional Achilles Tendinopathy 

9.4.2.1    Nonoperative Treatment 
 The fi rst therapeutic strategy is to reduce load-bearing activ-
ities and modifi cation of training regimes. Immobilization 

a b

c

  Fig. 9.3    Intraoperatory view of the soleus fi ber transfer technique per-
formed in a left Achilles tendon. ( a ) After a lateral paratendon incision, 
a cylindrical bundle of the inferolateral portion of the soleus muscle is 
isolated by blunt dissection. ( b ) The muscle bundle, left attached at its 

distal end, is fl ipped 180° and placed inside a full-thickness tenotomy in 
a “sandwich” way. ( c ) The bundle is secured with stitches, and the 
tenotomy is closed       
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should be avoided for its detrimental effect on tendon 
 structure and strength [ 61 ]. 

 Heel lift permits to reduce pressure on the retrocalcaneal 
bursa by plantar fl exing the heel, potentially favoring healing 
of the tendon insertion. Orthoses to correct any malalign-
ment are helpful to improve symptoms [ 62 ]. 

 The same eccentric exercise program already applied in 
midportion Achilles tendinopathy was also evaluated in 
insertional diseases. The good results obtained for non- 
insertional disease were not replicated for insertional pathol-
ogy; it showed success rates of 28–32 % [ 62 ,  63 ]. Eccentric 
exercises with ankle dorsifl exion were supposed to be detri-
mental in insertional pathology. Jonsson et al. proposed 
eccentric training using fl oor-level exercises only, founding 
improved outcomes in 67 % of cases [ 64 ]. 

 Regular stretching may increase the working length of the 
muscle–tendon unit; indeed, it increases ankle dorsifl exion 
by only 1° [ 65 ]. 

 Shock wave treatment seems effective in treating inser-
tional tendinopathy; Rompe et al. reported good or excellent 
results after 4 months in almost 83 % of patients compared to 
39 % in conventionally treated patients [ 66 ]. 

 Corticosteroids are rarely used because of their historic risk 
of partial or complete tendon rupture [ 67 ]. Injections of hyper-
osmolar dextrose solution, sclerosing agents, or platelet- rich 
plasma seemed promising in treating insertional pathologies, 
but only one study for each treatment is reported [ 68 – 70 ].  

9.4.2.2    Operative Treatment 
 Endoscopic calcaneoplasty and bursa debridement showed 
good results in 75–95 % of patients treated, with small scars, 
minimal debridement, and rapid recovery [ 62 ,  71 ]. 

 Open surgery is more invasive and restricted for recalcitrant 
disease; it consists of debridement of the tendon insertion, 
removal of bursal tissue and of bony prominence, reattach-
ment of the insertion as required (with bone anchors/screws or 
trans-osseous sutures), and/or augmentation of the tendon with 
a tendon transfer/graft [ 62 ]. Even the 50 % of the tendon inser-
tion can be debrided with minimal risk or rupture [ 72 ]. 

 The best graft used for augmentation of the Achilles ten-
don is the fl exor hallucis longus (FHL). It is in proximity, is 
synergist, and has good vascularity [ 73 ]. Peroneus brevis 
should also be employed, but subsequent ankle instability 
and foot inversion can occur [ 74 ]. Even if weaker than the 
FHL and more diffi cult to harvest, the fl exor digitorum lon-
gus should also be used [ 75 ]. Other sources of tendon tissue 
are autograft as quadriceps, patellar tendon, or hamstring. 
Also the V–Y advancement of the musculotendinous junc-
tion of the gastrocnemius should be performed in repairing 
insertional defects longer than 2 cm.    

9.5     Rehabilitation and Return to Play 

 Achilles tendinopathies represent a big chapter in sport 
traumatology and, as previously shown, a broad spectrum 
of treatments are possible. The choice depends from the 
type of pathology, its location and degree, and the prefer-
ence and the level of expertise of the clinician. The num-
ber of different treatments reflects the difficulty in 
treating these pathologies and their often unpredictable 
outcome. 

 Eccentric exercises are historically proposed as a 12-week 
program; it led to satisfactory outcome in 50–60 % of mid-
portion Achilles tendinopathies [ 40 ,  41 ] and in 28–32 % of 
insertional tendinopathies [ 62 ,  63 ]. 

 In 20–30 % of cases, conservative treatment fails in 
improving symptoms and allowing sports resumption [ 75 ]. 
In these cases, surgery is the second step of treatment. 
Minimally invasive surgery permits a lower incidence of 
complications, in particular wound infection or delayed 
healing, and also a faster recovery. All procedures that 
address only peritendinous structures showed a recovery 
time of 6 weeks to 6 months. After these techniques, com-
plete mobilization of the ankle and partial weight bearing is 
permitted till the fi rst day after surgery. On the contrary, sur-
gical procedures that address the tendon itself (debridement, 
incisions, augmentations) temporarily weaken it. Therefore, 
recovery time can be extended up to 3–18 months. In these 
cases, the ankle should be immobilized in a dorsal splint or 
in a cast up to 3 weeks with the ankle in slight plantar fl ex-
ion. Partial weight bearing will be allowed after cast 
removal. Mobilization will be performed passively, then 
actively in open kinetic chain. Once there is complete recov-
ery of the range of motion, closed kinetic chain exercises 
start. Cycling and walking in the water play an important 
role in recovery range of motion and strength of calf mus-
cles. When the patient is able to walk without limping, gen-
tle stretching and light jogging are allowed. Exercises for 
static and dynamic proprioception are central in the reha-
bilitation process. 

 Sport-specifi c exercises can be introduced when the calf 
muscle strength is close to normality (close to the contralat-
eral side). A close monitoring of the healing process by 
imaging is suggested; ultrasonography is a fast and easy way 
to do it, even if it is operator dependent. Magnetic resonance 
imaging permits a fi nest evaluation, even if it is not often 
readily available. 

 Return to play is permitted when the patient passes spe-
cifi c functional tests as the single-leg hop test, the triple-leg 
hop test, the shuttle run test, the side jump test, and the cari-
oca test or with the isokinetic evaluation.     

F. Benazzo et al.



75

   References 

         1.    Maffulli N, Khan KM, Puddu G (1998) Overuse tendon condi-
tions: time to change a confusing terminology. Arthroscopy 14:
840–843  

    2.    Khan KM, Cook JL, Kannus P, Maffulli N, Bonar SF (2002) Time 
to abandon the “tendinitis” myth. BMJ 324:626–627  

    3.    Perugia L, Ippolito E, Postacchini F (1976) A new approach to the 
pathology, clinical features and treatment of stress tendinopathy of 
the Achilles tendon. Ital J Orthop Traumatol 2:5–21  

    4.    Clain MR, Baxter DE (1992) Achilles tendinitis. Foot Ankle 
13:482–487  

     5.    van Dijk CN, van Sterkenburg MN, Wiegerinck JI, Karlsson J, 
Maffulli N (2011) Terminology for Achilles tendon related disor-
ders. Knee Surg Sports Traumatol Arthrosc 19(5):835–841  

       6.    Kvist M (1994) Achilles tendon injuries in athletes. Sports Med 
18:173–201  

    7.    Leppilahti J, Orava S, Karpakka J, Takala T (1991) Overuse injuries 
of the Achilles tendon. Ann Chir Gynaecol 80:202–207  

      8.    Kannus P (1997) Etiology and pathophysiology of chronic tendon 
disorders in sports. Scand J Med Sci Sport 7(2):78–85  

    9.    Lysholm J, Wiklander J (1987) Injuries in runners. Am J Sports 
Med 115:168–171  

    10.    Holmes GB, Lin J (2006) Etiologic factors associated with symp-
tomatic Achilles tendinopathy. Foot Ankle Int 27:952–959  

    11.    Kannus P, Niittymki S, Jarvinen M, Lehto M (1989) Sports injuries 
in elderly athlete: a three-year prospective, controlled study. Age 
Ageing 18:263–270  

    12.    de Jonge S, van den Berg C, de Vos RJ, van der Heide HJ, Weir A, 
Verhaar JA, Bierma-Zeinstra SM, Tol JL (2011) Incidence of mid-
portion Achilles tendinopathy in the general population. Br J Sports 
Med 45(13):1026–1028  

     13.    Paavola M, Kannus P, Järvinen TA, Lehto M (2002) Achilles tendi-
nopathy. J Bone Joint Surg Am 84-A:2062–2076  

     14.    Longo UG, Ronga M, Maffulli N (2009) Achilles tendinopathy. 
Sports Med Arthrosc 17(2):112–126  

    15.    Movin T, Gad A, Reinholt FP, Rolf C (1997) Tendon pathology in 
long-standing achillodynia. Biopsy fi ndings in 40 patients. Acta 
Orthop Scand 68:170–175  

    16.    Jarvinen TAH, Kannus P, Maffulli N, Khan KM (2005) Achilles 
tendon disorders: etiology and epidemiology. Foot Ankle Clin 
10:255–266  

    17.    Paavola M, Jarvinen TA (2005) Paratendinopathy. Foot Ankle Clin 
10:279–292  

    18.    Lyman J, Weinhold PS, Almekinders LC (2004) Strain behavior of 
the distal Achilles tendon: implications for insertional Achilles ten-
dinopathy. Am J Sports Med 32:457–461  

    19.    Hutchison AM, Evans R, Bodger O, Pallister I, Topliss C, Williams 
P, Vannet N, Morris V, Beard D (2013) What is the best clinical test 
for Achilles tendinopathy? Foot Ankle Surg 19:112–117  

    20.    Movin T, Kristoffersen-Wiberg M, Shalabi A, Gad A, Aspelin P, 
Rolf C (1998) Intratendinous alterations as imaged by ultrasound 
and contrast medium-enhanced magnetic resonance in chronic 
achillodynia. Foot Ankle Int 19:311–317  

    21.    Gibbon WW (1996) Musculoskeletal ultrasound. Baillieres Clin 
Rheumatol 10:561–588  

    22.    Peers K, Brys P, Lysens R (2003) Correlation between power 
Doppler ultrasonography and clinical severity in Achilles tendi-
nopathy. Int Orthop 27:180–183  

    23.    Klauser AS, Faschingbauer R, Jaschke WR (2010) Is sonoelastog-
raphy of value in assessing tendons? Semin Musculoskelet Radiol 
14:323–333  

    24.    Kader D, Saxena A, Movin T, Maffulli N (2002) Achilles tendi-
nopathy: some aspects of basic science and clinical management. 
Br J Sports Med 36:239–249  

    25.    Paavola M, Kannus P, Paakkala T, Pasanen M, Järvinen M (2000) 
Long-term prognosis of patients with Achilles tendinopathy: an 
observational 8-year follow-up study. Am J Sports Med 
28:634–642  

    26.    Alfredson H, Cook J (2007) A treatment algorithm for managing 
Achilles tendinopathy: new treatment options. Br J Sports Med 
41:211–216  

    27.    Gross ML, Davlin LB, Evanski PM (1991) Effectiveness of orthotic 
shoe inserts in the long-distance runner. Am J Sports Med 
19:409–412  

    28.    Aström M, Westlin N (1992) No effect of piroxicam on Achilles 
tendinopathy: a randomized study of 70 patients. Acta Orthop 
Scand 63:631–634  

    29.    Fredberg U, Stengaard-Pedersen K (2008) Chronic tendinopathy 
tissue pathology, pain mechanisms, and etiology with a special 
focus on infl ammation. Scand J Med Sci Sports 18:3–15  

    30.    Tsai WC, Hsu CC, Chou SW, Chung CY, Chen J, Pang JH (2007) 
Effects of celecoxib on migration, proliferation and collagen 
expression of tendon cells. Connect Tissue Res 48:46–51  

    31.    Hart L (2011) Corticosteroid and other injections in the manage-
ment of tendinopathies: a review. Clin J Sport Med 21:540–554  

    32.    Smith AG, Kosygan K, Williams H, Newman RJ (1999) Common 
extensor tendon rupture following corticosteroid injection for lat-
eral tendinosis of the elbow. Br J Sports Med 33:423–424  

    33.    Gottlieb NL, Riskin WG (1980) Complications of local corticoste-
roid injections. JAMA 243:1547–1548  

    34.    Hugate R, Pennypacker J, Saunders M, Juliano P (2004) The effects 
of intratendinous and retrocalcaneal intrabursal injections of corti-
costeroid on the biomechanical properties of rabbit Achilles ten-
dons. J Bone Joint Surg Am 86-A:794–801  

    35.    Haraldsson BT, Langberg H, Aagaard P, Zuurmond AM, van El B, 
Degroot J, Kjaer M, Magnusson SP (2006) Corticosteroids reduce 
the tensile strength of isolated collagen fascicles. Am J Sports Med 
34:1992–1997  

    36.    Mafi  N, Lorentzon R, Alfredson H (2001) Superior short-term 
results with eccentric calf muscle training compared to concentric 
training in a randomized prospective multicenter study on patients 
with chronic Achilles tendinosis. Knee Surg Sports Traumatol 
Arthrosc 9:42–47  

    37.    Öhberg L, Alfredson H (2004) Effects on neovascularisation behind 
the good results with eccentric training in chronic mid-portion 
Achilles tendinosis? Knee Surg Sports Traumatol Arthrosc 
12:465–470  

    38.    Alfredson H, Pietilä T, Jonsson P, Lorentzon R (1998) Heavy-load 
eccentric calf muscle training for the treatment of chronic Achilles 
tendinosis. Am J Sports Med 26:360–366  

    39.    Silbernagel KG, Thomeé R, Eriksson BI, Karlsson J (2007) 
Continued sports activity, using a pain-monitoring model, during 
rehabilitation in patients with Achilles tendinopathy: a randomized 
controlled study. Am J Sports Med 35:897–906  

     40.    Sayana MK, Maffulli N (2007) Eccentric calf muscle training in 
non-athletic patients with Achilles tendinopathy. J Sci Med Sport 
10:52–58  

      41.    Rompe JD, Nafe B, Furia JP, Maffulli N (2007) Eccentric loading, 
shock- wave treatment, or a wait-and-see policy for tendinopathy of 
the main body of tendo Achillis: a randomized controlled trial. Am 
J Sports Med 35:374–383  

    42.    Rompe JD, Furia J, Maffulli N (2009) Eccentric loading versus 
eccentric loading plus shock-wave treatment for midportion 

9 Achilles Tendinopathies



76

Achilles tendinopathy: a randomized controlled trial. Am J Sports 
Med 37:463–470  

    43.    de Mos M, van der Windt AE, Jahr H, van Schie HT, Weinans H, 
Verhaar JA, van Osch GJ (2008) Can platelet-rich plasma enhance 
tendon repair? A cell culture study. Am J Sports Med 36:1171–1178  

    44.    de Jonge S, de Vos RJ, Weir A, van Schie HT, Bierma-Zeinstra SM, 
Verhaar JA, Weinans H, Tol JL (2011) One-year follow-up of platelet- 
rich plasma treatment in chronic Achilles tendinopathy: a double-blind 
randomized placebo-controlled trial. Am J Sports Med 39:1623–1629  

    45.    Lind B, Ohberg L, Alfredson H (2006) Sclerosing polidocanol 
injections in mid-portion Achilles tendinosis: remaining good clini-
cal results and decreased tendon thickness at 2-year follow-up. 
Knee Surg Sports Traumatol Arthrosc 14(12):1327–1332  

    46.    van Sterkenburg MN, de Jonge MC, Sierevelt IN, van Dijk CN 
(2010) Less promising results with sclerosing Ethoxysclerol injec-
tions for midportion Achilles tendinopathy: a retrospective study. 
Am J Sports Med 38(11):2226–2232  

    47.    Chan O, O’Dowd D, Padhiar N, Morrissey D, King J, Jalan R, 
Maffulli N, Crisp T (2008) High volume image guided injections in 
chronic Achilles tendinopathy. Disabil Rehabil 30:1697–1708  

    48.    Humphrey J, Chan O, Crisp T, Padhiar N, Morrissey D, Twycross- 
Lewis R, King J, Maffulli N (2010) The short-term effects of high 
volume image guided injections in resistant non-insertional 
Achilles tendinopathy. J Sci Med Sport 13:295–298  

    49.    Freeman JW, Empson YM, Ekwueme EC, Paynter DM, Brolinson 
PG (2011) Effect of prolotherapy on cellular proliferation and 
 collagen deposition in MC3T3-E1 and patellar tendon fi broblast 
populations. Transl Res 158:132–139  

    50.    Maffulli N, Kader D (2002) Tendinopathy of tendo achillis. J Bone 
Joint Surg Br 84(1):1–8  

    51.    Rolf C, Movin T (1997) Etiology, histopathology, and outcome of 
surgery in achillodynia. Foot Ankle Int 18:565–569  

   52.    Nelen G, Martens M, Burssens A (1989) Surgical treatment of 
chronic Achilles tendinitis. Am J Sports Med 17:754–759  

     53.    Tallon C, Coleman BD, Khan KM, Maffulli N (2001) Outcome of 
surgery for chronic Achilles tendinopathy: a critical review. Am J 
Sports Med 29:315–320  

    54.    Paavola M, Kannus P, Orava S, Pasanen M, Järvinen M (2002) 
Surgical treatment for chronic Achilles tendinopathy: a prospective 
seven month follow up study. Br J Sports Med 36:178–182  

      55.    Paavola M, Orava S, Leppilahti J, Kannus P, Järvinen M (2000) 
Chronic Achilles tendon overuse injury: complications after surgi-
cal treatment: an analysis of 432 consecutive patients. Am J Sports 
Med 28:77–82  

     56.    Benazzo F, Zanon G, Klersy C, Marullo M (2014) Open surgical 
treatment for chronic midportion achilles tendinopathy: faster 
recovery with the soleus fi bres transfer technique. Knee Surg Sports 
Traumatol Arthrosc. doi:  10.1007/s00167-014-3232-x      

    57.    Longo UG, Ramamurthy C, Denaro V, Maffulli N (2008) Minimally 
invasive stripping for chronic Achilles tendinopathy. Disabil 
Rehabil 30:1709–1713  

     58.    Naidu V, Abbassian A, Nielsen D, Uppalapati R, Shetty A (2009) 
Minimally invasive paratenon release for non-insertional Achilles 
tendinopathy. Foot Ankle Int 30(7):680–685  

     59.    Maquirriain J (2013) Surgical treatment of chronic Achilles 
 tendinopathy: long-term results of the endoscopic technique. J Foot 
Ankle Surg 52(4):451–455  

     60.    Pearce CJ, Carmichael J, Calder JD (2012) Achilles tendinoscopy 
and plantaris tendon release and division in the treatment of non- 
insertional Achilles tendinopathy. Foot Ankle Surg 18(2):
124–127  

    61.    Johnson MD, Alvarez RG (2012) Nonoperative management of ret-
rocalcaneal pain with AFO and stretching regimen. Foot Ankle Int 
33:571–581  

        62.    Wiegerinck JI, Kerkhoffs GM, van Sterkenburg MN, Sierevelt IN, 
van Dijk CN (2012) Treatment for insertional Achilles tendinopa-
thy: a systematic review. Knee Surg Sports Traumatol Arthrosc 
21:1345–1355  

     63.    Fahlström M, Jonsson P, Lorentzon R, Alfredson H (2003) Chronic 
Achilles tendon pain treated with eccentric calf-muscle training. 
Knee Surg Sports Traumatol Arthrosc 11:327–333  

    64.    Jonsson P, Alfredson H, Sunding K, Fahlström M, Cook J (2008) 
New regimen for eccentric calf-muscle training in patients with 
chronic insertional Achilles tendinopathy: results of a pilot study. 
Br J Sports Med 42:746–749  

    65.    Rosenbaum D, Hennig EM (1995) The infl uence of stretching and 
warm-up exercises on Achilles tendon refl ex activity. J Sports Sci 
13:481–490  

    66.    Rompe JD, Furia J, Maffulli N (2008) Eccentric loading compared 
with shock wave treatment for chronic insertional Achilles tendi-
nopathy: a randomized, controlled trial. J Bone Joint Surg Am 
90-A:52–61  

    67.    Mahler F, Fritschy D (1992) Partial and complete ruptures of the 
Achilles tendon and local corticosteroid injections. Br J Sports Med 
26:7–14  

    68.    Ryan M, Wong A, Taunton J (2010) Favorable outcomes after sono-
graphically guided intratendinous injection of hyperosmolar dex-
trose for chronic insertional and midportion Achilles tendinosis. 
Am J Roentgenol 194:1047–1053  

   69.    Ohberg L, Alfredson H (2003) Sclerosing therapy in chronic 
Achilles tendon insertional pain: results of a pilot study. Knee Surg 
Sports Traumatol Arthrosc 11:339–343  

    70.    Monto RR (2012) Platelet rich plasma treatment for chronic 
Achilles tendinosis. Foot Ankle Int 33:379–385  

    71.    Jerosch J, Schunck J, Sokkar SH (2007) Endoscopic calcaneoplasty 
(ECP) as a surgical treatment of Haglund’s syndrome. Knee Surg 
Sports Traumatol Arthrosc 15:927–934  

    72.    Wagner E, Gould JS, Kneidel M, Fleisig GS, Fowler R (2006) 
Technique and results of Achilles tendon detachment and recon-
struction for insertional Achilles tendinosis. Foot Ankle Int 
27:677–684  

    73.    Panchbhavi VK (2007) Chronic achilles tendon repair with fl exor 
hallucis longus tendon harvested using a minimally invasive tech-
nique. Tech Foot Ankle Surg 6:123–129  

    74.    White RK, Kraynick BM (1959) Surgical uses of the peroneus bre-
vis tendon. Surg Gynecol Obstet 108:117–121  

     75.    Roche AJ, Calder JDF (2013) Achilles tendinopathy. Bone Joint J 
95-B:1299–1307    

F. Benazzo et al.

http://dx.doi.org/10.1007/s00167-014-3232-x


77P. Volpi (ed.), Arthroscopy and Sport Injuries: Applications in High-level Athletes,
DOI 10.1007/978-3-319-14815-1_10, © Springer International Publishing Switzerland 2016

10.1             Introduction 

 The Achilles tendon (AT) is the thickest and the strongest 
tendon in the human body with a tensile strength in the order 
of 50–100 N/mm [ 1 ]. About 15 cm long, it originates in the 
midcalf and extends distally to insert into the posterior sur-
face of the calcaneus. It is formed from the joining of the two 
tendons of soleus (dorsally) and gastrocnemius (ventrally). 
Despite its strength, it is one of the tendons most commonly 
affected by spontaneous rupture. Most acute ruptures (75 %) 
occur during recreational activities in men between 30 and 
40 years old, in particular in soccer, basketball, tennis, and 
squash, but 25 % of ruptures may occur in sedentary patients 
[ 2 ]. The incidence rate ranges from 6 to 18 per 100,000 peo-
ple per year, and it has been steadily increasing during the 
past few decades [ 2 ]. 

 AT rupture can present acutely or as chronic tears (>6 
weeks). Management of acute ruptures is still controversial. 
Recent well-conducted randomized controlled trials showed 
that conservative treatment with accelerated functional reha-
bilitation and open surgery management produce, in an 
unselected population, similar functional results [ 3 ,  4 ]. 
However, a relatively higher re-rupture rate is still reported in 
patients treated conservatively [ 4 ,  5 ], and healing in a length-
ened position may determine loss of calf muscle strength. 

These results are not acceptable in young patients and athletes. 
In these patients, operative management provides lower re-
rupture rate, early functional treatment, less calf atrophy, and 
better functional performance than nonsurgical treatment.  

10.2     Etiopathogenesis and Injury 
Mechanism 

 Acute AT rupture is a serious injury for high-level athletes. 
Tendon fi bers begin to disrupt after a length increase of 
3–4 % and rupture after an increase of 8 %. Ruptures usually 
occur between 2 and 6 cm of its insertion into the superior 
surface of the calcaneus. The tendon is at the greatest risk of 
rupture when it is obliquely loaded, the muscle is contracting 
maximally, and the tendon length is short [ 6 ]. The most com-
mon mechanism of injury is pushing off with the weight- 
bearing forefoot while extending the knee. Sudden 
unexpected dorsifl exion of the ankle or violent dorsifl exion 
of a plantar fl exed foot may also result in ruptures [ 6 ]. Men 
are more frequently affected than women, in particular in 
their fourth decade [ 6 ]. 

 Even though the rupture seemingly occurs as consequence 
of a traumatic insult on a nevertheless healthy tendon, in 
reality it is the end result of a single eccentric contraction on 
a tendon in which a tendinopathic process had been present, 
albeit not symptomatic [ 7 ]. The etiopathogenesis of AT rup-
ture is still unknown, but histological evidence of failed heal-
ing response is relatively common. Both tendinopathic and 
ruptured tendons have a greater degree of histological evi-
dence of tendinopathy compared with normal tendons, and 
the degree of degeneration in the ruptured group is statisti-
cally greater than in the tendinopathic group [ 7 ]. 
Corticosteroids, fl uoroquinolone use, rheumatoid arthritis, 
and renal transplantation have been associated with AT rup-
ture [ 6 ,  8 ]. More recent researches show that metabolic dis-
ease and endocrine disorders such as diabetes mellitus, 
hypothyroidism, hypercholesterolemia, and obesity could 
predispose to tendinopathies and tendon tears [ 9 – 12 ].  
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10.3     Clinical and Diagnostic Examination 

 Acute AT rupture is usually a clinical diagnosis based on a 
careful history and detailed clinical examination. Patients 
often give a history of feeling a blow to the posterior aspect 
of the leg and may describe an audible snap followed by pain 
and inability to walk. A gap in the Achilles tendon is usually 
palpable. With increased time after the tear, the gap may be 
obliterated by edema, which makes palpation unreliable, 
while in the early stages, edema and bruising may not be 
apparent. Active plantar fl exion of the foot is usually pre-
served given the action of the tibialis posterior, the long toe 
fl exors, and the peroneus muscles. Numerous clinical tests 
have been described to aid in the diagnosis of Achilles ten-
don tears, and palpation, calf squeeze test, Matles test, 
O’Brien test, and Copeland test have been used [ 13 ]. All the 
tests described in the literature may be used to correctly 
diagnose a subcutaneous Achilles tendon tear with a high 
degree of certainty. 

 A retrospective study showed that if two or more of these 
tests are positive, the diagnosis of an AT tear is certain [ 13 ]. 
As the Copeland and the O’Brien tests may cause discom-
fort, the diagnosis of a subcutaneous tear of the Achilles ten-
don may be reliably made on the basis of the calf squeeze 
and Matles tests. The calf squeeze test, fi rst described by 
Simmonds in 1957 [ 14 ] but often credited to Thompson, is 
performed with the patient prone and the ankles clear of the 
table. The examiner squeezes the fl eshy part of the calf, caus-
ing deformation of the soleus and resulting in plantar fl exion 
of the foot if the Achilles tendon is intact. The affected leg 
should be compared to the contralateral leg. The Matles test 
or knee fl exion test is performed with the patient prone and 
the ankles clear of the table [ 15 ]. The patient is asked to 
actively fl ex the knee to 90°. During this movement, the foot 
on the affected side falls into neutral or dorsifl exion, and a 
rupture of the Achilles tendon can be diagnosed (Fig.  10.1 ).  

 Sometimes diagnostic imaging may be required to verify 
a clinical suspicion or for chronic injuries. Plain lateral 
radiographs may reveal an irregular confi guration of the fat- 
fi lled triangular space anterior to the Achilles tendon and 
between the posterior aspect of the tibia and the superior 
aspect of the calcaneus. It is also helpful to exclude bone 
injuries in case of acute trauma. Ultrasound (US) and mag-
netic resonance imaging (MRI) are widely used, even if there 
is no clear evidence that they improve the rate of correct 
diagnosis. According to the AAOS guidelines for acute AT 
rupture, there is not enough evidence to recommend for or 
against the routine use of US and MRI to confi rm the diagno-
sis [ 16 ]. A recent study showed that physical examination, 
including an abnormal calf squeeze test, a palpable defect, 
and decreased resting tension, is more sensitive in diagnos-
ing an acute complete AT rupture than MRI (sensitivity 
100 % vs 90.9 %) [ 17 ]. Moreover MRI is time consuming 

and expensive and can lead to a delay in treatment (mean 
time to surgery 5.6 days vs 12.4 day in MRI group). The 
authors concluded recommending careful evaluation and 
judicious use of advanced imaging as needed.  

10.4     Treatment Strategy 

 The consensus for athletes is surgery [ 2 ], as it provides early 
functional treatment, less calf atrophy, and the best functional 
performance with a lower re-rupture rate. Open, percutaneous, 
or minimally invasive procedures have been successfully used. 
Open surgery provides good strength to the repair, low re-rup-
ture rates, and reliably good endurance and power to the gas-
trocnemius-Achilles tendon complex. However, open surgical 
approaches resulted in high risk of infection and morbidity. 
Review articles and meta-analysis showed high costs and a 
20-fold higher rate of complications in open procedures than 
conservative treatment [ 13 ]. Therefore, minimally invasive pro-
cedures have been  successfully used to avoid these complica-
tions. Minimally invasive AT repair provides many advantages. 
Major advantages are less iatrogenic damage to normal tissues, 
lower postoperative pain, accurate opposition of the tendon ends 

  Fig. 10.1    The Matles test or the knee fl exion test: the foot on the 
affected side falls into neutral or dorsifl exion       

 

N. Maffulli et al.



79

minimizing surgical incisions, and improved cosmetics. A 
recent systematic review reported a rate of superfi cial infections 
of 0.5 and 4.3 % after minimally invasive and open surgery, 
respectively [ 18 ]. Shorter hospitalization time and average time 
to return to working activities was also showed. Functional out-
comes were not signifi cantly different between minimally inva-
sive and open surgery. Although sural nerve injury has been 
reported as a potential complication of this kind of surgery, new 
techniques have minimized the risk of sural nerve damage [ 18 ].  

10.5     Percutaneous Achilles Tendon Repair: 
Surgical Technique 

 A 1 cm transverse incision is made over the defect using a size 
11 blade. Four longitudinal stab incisions are made lateral 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 mobilize the tendon from beneath the subcutaneous tis-
sues. A 9 cm Mayo needle is threaded with two double loops of 
Number 1 Maxon, and this is passed transversely between the 
proximal stab incisions through the bulk of the tendon 
(Fig.  10.2 ). The bulk of the tendon is surprisingly superfi cial. 
The loose ends 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 diago-
nally opposing stab incision. A subsequent 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 then tested for security by pulling 
with both ends of the Maxon distally. Another double loop of 
Maxon is then passed between the distal stab incisions through 
the tendon (Fig.  10.3 ) and in turn through the tendon and out of 
the transverse incision starting distal to the transverse passage 
(Fig.  10.4 ). The ankle is held in full plantar fl exion, and in turn 
the opposing ends of the Maxon thread are tied together with a 
double-throw knot, and then three further throws before being 
buried using the forceps (Fig.  10.5 ). A clip is used to hold the 
fi rst throw of the lateral side to maintain the tension of the 
suture. We use 3-0 Vicryl suture to close the transverse incision 
and Steri-Strips close the stab incisions. A nonadherent dress-
ing is applied. A full plaster cast is applied in the operating 
room with the ankle in physiologic equinus. The cast is split on 
both medial and lateral sides to allow for swelling. The patient 
is discharged on the same day of the operation.      

10.6     Rehabilitation and Return to Play 

 Following percutaneous repair, patients are encouraged to 
bear weight on the operated limb as soon as possible as toler-
ated. The cast is removed at 2 weeks postoperatively, and a 

boot with the ankle in a plantigrade position is used. Removal 
of the boot under supervision of a physiotherapist allows the 
ankle to be plantar fl exed fully but not dorsifl exed. These 

  Fig. 10.2    A 9 cm Mayo is threaded with two double loops of Number 
1 Maxon, and this is passed transversely between the proximal stab 
incisions through the bulk of the tendon       

  Fig. 10.3    Another double loop of Maxon is then passed between the 
distal stab incisions through the tendon       

  Fig. 10.4    The double loop of Maxon is passed in turn through the 
tendon and out of the transverse incision starting distal to the transverse 
passage       
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exercises are performed against manual resistance. At 6 
weeks postoperatively, the boot is removed, and the patient 
referred to physiotherapy for active mobilization. At 12 
weeks postoperatively, patients are assessed as to whether 
they were able to undertake more vigorous physiotherapy 
and are encouraged to gradually return to their normal activi-
ties. Progressive activities are incorporated as strength 
allows, with the aim to return to unrestricted activities by 6 
months following surgery. Patients are reviewed at 3-month 
intervals and discharged at 9 or 12 months after the operation 
once they are able to perform at least fi ve toe raises unaided 
on the operated leg and after they returned to their normal 
activities.  

10.7     Discussion 

 AT ruptures are common in athletes. Surgical repair provides 
good results in young and active people. Open, percutaneous, 
or minimally invasive procedures have been successfully used. 
Open surgery provides good strength to the repair, low re-rup-
ture rates, and reliably good endurance and power to the gas-
trocnemius-Achilles tendon complex. However, open surgical 
repair may result in high risk of infection and morbidity. 
Review articles and meta-analysis showed high costs and a 
20-fold higher rate of complications in open procedures than 
conservative treatment [ 6 ]. Therefore, minimally invasive pro-
cedures have been successfully used to avoid these complica-
tions. Minimally invasive Achilles tendon repair provides 
many advantages. Major advantages are less iatrogenic dam-
age to normal tissues, lower postoperative pain, accurate 
opposition of the tendon ends minimizing surgical incisions, 
shorter hospitalization time, lower rate of postsurgical infec-

tions, and improved cosmesis [ 18 ]. Excellent results have been 
reported in 17 elite athletes after percutaneous surgical repair 
of Achilles tendon ruptures [ 19 ]. All patients returned to high-
level competition, with an average time to return to full sport 
participation of 4.8 months (range 3.2–6.5). 

 Rehabilitation of the Achilles tendon is complex and 
often nonstandardized. Detailed postoperative physical ther-
apy programs for the AT often vary. Return to activity (RTA) 
can be defi ned as the time in which patients initiate their 
desired activity or sport that was limiting them. Evidence-
based study of physical therapy regimens with regard to the 
foot and ankle is very limited. Modalities that have been rig-
orously studied have shown little benefi t, including ultra-
sound, massage, and injections [ 20 ,  21 ]. Both eccentric 
exercises and extracorporeal shockwave therapy (ESWT) 
have been studied with a wide range of results. When patients 
can return to sports reducing the risk of further injuries is a 
big question, in particular for athletes because physicians are 
often faced with the pressing requirements of the athlete 
himself, the coach, and the team. Recurrence of AT tendi-
nopathy and reinjury risk has been reported to be higher after 
short recovery periods [ 22 ]. Saxena et al. reported that sim-
ple parameters such as single-legged concentric strength, 
range of motion, and muscle girth can predict the ability to 
RTA [ 21 ]. If patients meet all 3 of these criteria, they are 
allowed to return to sport (Table  10.1 ), and the mean time to 
RTA after AT surgical repair was 21.8 ± 4.0 weeks. Females 
were more likely to have a delay in RTA.

   Restoring the normal structure and function of injured 
tendons is a great challenge, so several strategies have been 
proposed to enhance tendon healing. Recently research 
focused on regenerative therapies such as growth factors 
(GFs) and plasma-rich platelet (PRP), but this is still contro-
versial. The use of PRPs has expanded to meet multiple med-
ical problems where current treatment options were judged 
suboptimal. It is currently a common treatment for the ten-
don injuries because of the autologous source, safety profi le, 
and minimal manipulation [ 23 ]. In vitro studies showed that 
the addition of PRP to human tenocytes resulted in cell pro-
liferation, collagen deposition, well-ordered angiogenesis, 
and improved gene expression for matrix-degrading enzymes 

   Table 10.1    Parameters used in assessing the time frame of patients 
undergoing Achilles tendon surgery return to activity (RTA)   

 Parameters predicting the ability to RTA 

 Concentric strengthening  Ability to perform 5 sets of 25 single-
legged heel raises 

 Muscle girth  Calf circumference: 5 mm or less 
difference measured 10 cm distal to the 
tibial tuberosity of the operative limb as 
compared with the nonoperative limb 

 Range of motion (ROM)  Ankle dorsifl exion and plantar fl exion 
ROM within 5° of the nonoperative limb 

  Fig. 10.5    The two tendon stumps are sutured together with the ankle 
in full plantar fl exion       
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and endogenous growth factors [ 24 ,  25 ]. More recently, two 
studies demonstrated that PRP induced in vitro tendon mes-
enchymal stem cell (T-MSC) differentiation into active teno-
cytes and that PRP has an anti-infl ammatory function by 
suppressing the levels of prostaglandin (PGE) biosynthetic 
pathway components (COX-1, COX-2, and mPGES-1 
expression) and PGE2 production [ 26 ]. These results have 
important clinical implications because high levels of PGE2 
cause pain, decrease cell proliferation and collagen produc-
tion, and induce degenerative changes in rabbit tendons [ 27 ]. 
The same authors also reported that even though PRP is able 
to induce the differentiation of T-MSCs into tenocytes under 
regular culture conditions, PRP injection in routine clinical 
practice may not be able to effectively reverse the degenera-
tive conditions of late-stage tendinopathy [ 28 ]. Currently, 
many studies are published in literature with confl icting 
results. In fact, although a recent study suggests that vascular 
endothelial growth factor-111 (VEGF-111) could have a 
potential positive effect on the healing of AT lesions in rats 
[ 29 ], another animal study shows that a single injection of 
PRP did not infl uence tendon healing [ 30 ]. Well-conducted 
clinical studies do not report any substantial benefi t using 
PRP, and its routine use is thus not recommended [ 31 ].  

    Conclusion 

 AT rupture is a serious injury not only in high-level athletes. 
The management should take into account the age, occupa-
tion, and level of sporting activity of the patient. Open surgery 
is frequently associated with higher risk of superfi cial skin 
breakdown and wound problems, which can be prevented by 
performing percutaneous repair. Percutaneous repair fol-
lowed by early functional rehabilitation is becoming increas-
ingly common and may be considered in athletes.     
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11.1             Introduction 

 Quadriceps and patellar tendinopathies are known as “jump-
er’s knee,” similarly following a tradition of reference to the 
etiology of a pathology, such as “tennis elbow” or “thrower’s 
shoulder.” 

 Even though patellar tendinopathy had already been 
described in Italy [ 1 ], the term “jumper’s knee” was due 
to a study published in 1973 by Blazina et al. [ 2 ], one 
of the coworkers of the famous sports physician Frank 
Jobe, Chief of the Sports Medicine Center in Inglewood 
(California, USA), located near the sports center where 
the prestigious Los Angeles Lakers team now plays. It 
was certainly to the basketball players that Blazina was 
referring when he wisely described the painful syndrome 
“jumper’s knee.” 

 Successively, many other studies have focused on this so 
far unclear pathology which deserves to be known by sports 
physicians who, considering the frequency of this pathology 
in some types of players, will have to face this pathology 
during their career. 

 In this chapter, we will discuss the different aspects of 
patellar and quadriceps pathologies according to the most 
recent experiences and the newest types of treatments.  

11.2     Epidemiology and Predisposing 
Factors 

 As cited above, patellar and quadriceps tendinopathies 
are very common among athletes involved in jumping 
activities or whose activity is based on the use of the 
lower limb’s extensor apparatus (such as weight lifters). 
It has been estimated that up to 40 % of volleyball play-
ers suffer or have suffered from this pathology during 
their career [ 3 ]. 

 In the sport of soccer, jumper’s knee syndrome was 
unknown until the 1980s, when coaches started putting more 
attention on basic training with weight-lifting exercises, jump-
ing (plyometric), eccentric strengthening, and so forth. 
Nowadays patellar tendinopathy affects about 2.5 % of soccer 
athletes, data which is still lower compared to athletes of other 
sports who comprise the highest percentage of incidence (vol-
leyball, basketball) [ 4 ,  5 ]. 

 Predisposing factors to the onset of such a pathology are 
classifi ed as “intrinsic” and “extrinsic”; intrinsic factors 
mean those related to the athlete, and extrinsic are those due 
to environmental stresses. 

 Besides sex incidence, which is higher in male patients, 
many epidemiologic studies have shown no correlation 
between morphologic characteristics of patients and jump-
er’s knee syndrome. In particular, it has never been shown 
that varus or valgus malalignment of the knee, a malalign-
ment of the extensor apparatus, a patellar hypermobility, or a 
high or low patella syndrome might be predisposing factors, 
and aside from the knee area, nor have valgus hindfoot defor-
mity, pronated foot valgus, cavus foot, or even others. 
Researchers’ interest therefore focused more on peculiar 
characteristics of the patellar tendon tissue and on its colla-
gen composition. 

 However, the results about extrinsic factors were differ-
ent. The fi rst data, which is also the most obvious,  concerns 
the correlation between the number of training sessions 
and matches per week and the incidence of jumper’s knee 
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syndrome. This strict positive correlation clearly confi rms 
the importance of overuse in the onset of such a type of 
tendinopathy. Conversely less signifi cant was the type of 
training (if carried out with weights, therabands, or 
jumps) [ 6 ]. 

 Training fi elds have been widely studied with the result 
that the harder the fi eld, the higher the incidence. Regarding 
soccer games however, there do not seem to be signifi cant 
differences between players who usually train on natural 
fi elds and those who train on artifi cial fi elds [ 7 ]. 

 Other factors predisposing patellar tendinopathy, which 
might be considered both intrinsic and extrinsic, regard 
jumping capability with a higher incidence among athletes 
with higher explosive strength [ 8 ].  

11.3     Symptomatology and Classifi cation 

 The main symptom of jumper’s knee is pain, with varying 
intensity, but always, localized in one of the typical places 
which represent the fulcrum of the extensor apparatus. The 
most frequent localization is the origin of the patellar tendon 
at the lower site of the patella (70 % of the cases), followed 
by the insertion of the quadriceps tendon at the superior site 
of the patella (20 %) and by the insertion of the patellar ten-
don on the anterior tibial tuberosity (10 %). The most recent 
classifi cations are based on the intensity of the pain with 
jumper’s knee which, compared to the fi rst classifi cation pro-
posed by Blazina, focus more attention on evaluating the 
effect of the pain on sports performance. 

11.3.1     Jumper’s Knee Classifi cation 
According to Symptoms 

 Ferretti and coworkers [ 9 ]
   STADIUM 0 – No pain  
  STADIUM I – Rare pain with no sports restriction  
  STADIUM II – Moderate pain during sports activity with no 

restriction on sports performance (normal performance)  
  STADIUM III – Pain with slight qualitative and quantitative 

restriction on performance (reduced number of training 
sessions or minor intensity)  

  STADIUM IV – Pain with severe restriction of sports 
performance  

  STADIUM V – Pain during daily activity; sports activity 
impossible    
 As we can see, the classifi cation above described does not 

take into account rupture of the patellar tendon (catastrophic 
jumper’s knee) [ 10 ] which cannot be considered the evolu-
tion of the insertional patellar tendinopathy but an acute 
event as a consequence of a chronic tendinous degeneration, 
which is totally different from an anatomo-pathology point 

of view. Indeed the discrepancy between pain (severe) and 
tendinous damage (moderate) seen in jumper’s knee forces 
the athlete to suspend the activity much earlier before the 
pathology leads to rupture; the exact opposite happens with 
tendinosic degeneration where the tendinous damage is 
severe and progressive with a painful symptomatology usu-
ally moderate or even absent. By an objective point of view, 
local digital pain represents the only important factor. 
Locally, in some cases, we can observe a mild swelling of the 
soft tissue but never an articular effusion. Knee articular 
semeiotic, as well as the one concerning the extensor appara-
tus, is negative.   

11.4     Radiological Findings 

 Radiological evaluation consists of X-rays, ultrasound evalu-
ations, and magnetic resonance imaging. Standard X-rays 
might show insertional calcifi cations (spurs) which show the 
exact localization of the pathology. Ultrasound may show a 
thickening of the patellar tendon close to the insertion and 
even a loss of the normal fi brillar pattern. Recently ultra-
sound has also been used to study patellar tendon vascular-
ization (eco color Doppler): this methodology might show 
cases with hypervascularization as well as cases of normal or 
reduced vascularization, even though these patterns are not 
adequately understood [ 11 ]. Magnetic resonance allows bet-
ter defi nition of the tendon morphology which often shows a 
tendon modifi cation at the insertional site. However, MRI 
rarely ever changes therapeutic protocol.  

11.5     Anatomo-pathology 

 With regard to anatomo-pathologic classifi cation of overuse 
tendinopathy as proposed by Perugia et al. [ 12 ], jumper’s 
knee might be included in the insertional tendinopathies. 

 On the other hand, an anatomo-pathologic pattern of sub-
cutaneous ruptures usually represents the consequence of a 
chronic degenerative process (tendinosis) which is often 
totally asymptomatic and which usually occurs, abruptly, 
with an acute rupture. In these cases tendinous tissue 
shows wide areas of degeneration with lack of the normal 
fi brillar pattern and an important reduction in the cellular 
component. 

 With regard to jumper’s knee, peculiar data which sur-
geons detected in the 1970s was the discrepancy between 
painful symptomatology, which was often very restricting in 
daily activities, and the lack of tendinous damage. Research 
of the “nidus” of tendon degeneration, as proposed by Basset, 
was often useless in a surgical approach, with the conse-
quence that many surgical procedures were performed with 
the aim of treating different pathologies (meniscus, patellar, 
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chondral damages). In a previous histological study, we 
showed the presence of microscopic insertional alteration 
consisting of a disruption of the  blue line  along with a micro-
cystic area full of granulation tissue, suggesting microinser-
tional detachments with an attempt of reparation, which 
nowadays represents one of the most plausible pathogenetic 
hypotheses of this pathology [ 13 ]. Obviously, spots of degen-
erative tendinous tissue can come together even though their 
role in the painful symptomatology is not yet clear.  

11.6     Treatment 

 Patellar tendinopathy treatment is basically conservative and 
consists of medical and physical therapy. 

 Medical therapy is based on the use of NSAIDs. Their use 
is not justifi ed though since at the level of the tendinous 
degeneration, a phlogistic process has never been shown. For 
this reason the success of such a type of therapy, widespread 
even though there is a lack of scientifi c studies supporting 
their use, is perhaps dependent more on their analgesic effect 
than their antiphlogistic effect. 

 What is certainly effi cient is the use of local infi ltration of 
corticosteroids, even though there is a big debate about their 
use. While it was once considered the gold standard, it was 
progressively abandoned and afterward criminalized because 
of its potential effect on the tendinous tissue leading to rup-
ture [ 14 ]. Actually in specifi c and well-selected cases and 
especially during some period of the athletic season and of 
the career of an athlete, corticosteroid infi ltration may be a 
valid therapeutic option for the sports physician, in particular 
in those cases in which radiological exams do not show a 
signifi cant degenerative process. Benefi cial effects of corti-
costeroid injections are usually immediate even though tem-
porary; this pain-free period should be used in adjunct to 
other physical therapies for better long-time follow-up 
results. Recently corticosteroid injections have been dupli-
cated in more diluted preparations with satisfactory prelimi-
nary results even with restrictions similar to the traditional 
steroidal infi ltration [ 15 ]. 

 Other infi ltrative drugs have recently been proposed but 
major literature about them is still missing [ 16 ]. 

 A promising but not yet adequately understood type of 
treatment for tendinopathies is represented by the infi ltration 
of autologous PRP. It consists of the use of growth factors 
present within platelets, potentially able to facilitate the cel-
lular differentiation toward a fi broblastic line with the aim of 
promoting tissue healing [ 17 ]. The methodology for using 
PRP was introduced about 10 years ago, and it reached a 
high popularity after its use on professional athletes with 
very satisfactory results documented in scientifi c studies; 
this apparent success has created a big economic interest 
around its use with sometimes criticizable implications. 

However it is a matter of fact that its use has a solid biologi-
cal base, it seems without related risks, and even without pic-
turing this type of treatment as a miraculous option, it may 
be a valid alternative for sports physicians. In our experi-
ence, the use of PRP for patellar tendinopathy consisting of 
three injections, one each week, provided better medium- 
and long-term results compared to the use of ESWT [ 18 ]. 
Besides radial and focalized ESWT [ 19 ], many other types 
of conservative treatments (ultrasound, laser, TENS, mag-
netotherapy, TECAR) have been used for the treatment of 
patellar tendinopathy, but always with uncertain and some-
times unsatisfactory results. 

 Kinesitherapy, whose main aim would consist of improv-
ing the mechanical properties of the tendon through selective 
training, nowadays represents the gold standard in the treat-
ment of jumper’s knee. It is based on the practice of different 
types of muscular exercises: isotonic, isometric, isokinetic, 
and eccentric; in particular eccentric exercises are recom-
mended in any phase of the pathology, both alone and with 
all other types of exercises [ 20 ]. The knowledge of kinesi-
therapy as a valid option for the cure and prevention of jump-
er’s knee is so widespread among athletes, volleyball players 
in particular, that they usually practice it themselves as soon 
as they feel the onset of the symptomatology. 

 The use of elastic bandages or braces at the level of the 
patellar tendon has been practiced by many athletes with the 
aim of reducing painful symptomatology during sports prac-
tice. Despite the fact that their use has been documented to 
reduce insertional stresses, their real effi cacy has never been 
totally demonstrated [ 21 ]. 

 Surgical treatment is indicated in a very small number of 
cases (less than 10 %) [ 22 ], usually in the advanced phases of 
the pathology, when all other conservative options have 
failed, and at the end of the agonistic season. Surgery has the 
aim of promoting a valid healing at the level of tendon inser-
tion and consists of different steps: deepest tendon fi ber dis-
insertion, removal of the damaged tissue ( Basset ’ s nidus ) 
when present, plastic of the lowest part of the patella or api-
coectomy, patella drilling, or tendinous scarifi cations [ 9 ]. 

 Postoperative protocol consists of a short period of immo-
bilization (2–4 weeks) followed by a progressive recovery of 
range of motion and then of muscular trophism and usually 
requires about 4–6 months before the return to specifi c train-
ing and professional matches. Results of surgical procedures, 
even though usually satisfactory, are not always brilliant, 
especially in athletes involved in high performance jumps 
with percentages of total lack of pain not higher than 65 % 
and with a little higher percentage in those athletes affected 
by quadriceps rather than patellar insertional pathology. The 
above mentioned surgical steps may also be carried out 
arthroscopically but with more diffi culties, with a longer 
learning curve, and, most of all, with no advantage in terms 
of fi nal results and recovery time [ 23 ,  24 ].  
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11.7     Patellar Tendon Rupture 

 Patellar tendon rupture will be presented here in a different 
chart because it is usually a consequence of a different tendi-
nous pathology which involves the middle part of the tendon 
and not the insertional end. Patellar tendon rupture, which 
usually occurs abruptly, involves a dramatic clinical feeling 
of a tear in the anterior part of the knee, immediate fall, and 
complete lack of capability of weight-bearing, walking, or 
actively extending the knee followed by severe swelling, 
hemarthrosis, and wide ecchymosis; it is hardly ever pre-
ceded by the typical jumper’s knee symptoms. It is com-
monly the fi nal event of a progressive degenerative process 
involving the tendon itself which leads to a progressive 
weakening of the tendon until the fi nal rupture, similarly to 
what happens with the Achilles tendon. The pattern of severe 
tendinous damage detected in the surgery room is signifi -
cantly different than the one observed in cases of insertional 
tendinopathy where the tendon itself looks macroscopically 
normal, despite an intense clinical symptomatology with 
severe restrictions. Diagnosis of patellar tendon rupture is 
easy and is based on the anamnesis and the evidence of a gap 
below the apex of the patella which also appears higher than 
the contralateral knee. Quadriceps tendon rupture has a simi-
lar clinical onset even though the gap in these cases is local-
ized above the patella. X-ray exam shows a high patella (or 
low in cases of quadriceps rupture), while ultrasound and 
MRI exams may give some more details in regard to the ten-
dinous pathology even though they do not change the type of 
therapy needed which is surgery. Surgical procedure consists 
of suturing the tendon and in some cases reinforcement with 
transosseous sutures. As is well known, since tendon biology 
is prosperous and has a high capability of healing, it is hardly 
ever necessary to use autologous, homologous, or synthetic 
tissue reinforcement; on the contrary, we recommend to only 
and always use reabsorbable suture. Postoperative follow-up 
consists of knee immobilization in full extension for 5 weeks, 
with the fi rst two with no weight-bearing, followed by a 
physical rehabilitation aimed at recovering range of motion 
fi rst and strengthening the quadriceps muscle later. Return to 
sports is not allowed before 6 months. Postoperative reha-
bilitation is usually easier and faster in quadriceps suture. 
Not common but even more dramatic are the cases of bilat-
eral simultaneous rupture of the tendons, the so-called cata-
strophic jumper’s knee, which obviously requires the same 
type of surgical treatment but with a less favorable prognosis 
in regard to return to sports activity.     
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12.1             Introduction 

 Extensor apparatus injuries have an incidence of 0.5–6 %, 
comprehensive of both patellar tendon and quadriceps ten-
don lesions. These are rare but serious injuries because the 
extensor mechanism is essential for normal human gait. The 
patellar tendon connects the patella to the anterior tibial 
tuberosity, and it is part of this structure. Its rupture is the 
third in frequency after patellar fracture and quadriceps ten-
don rupture, and it is a rare injury. However, patellar tendon 
injuries can lead to great disability that may last for several 
months, even if the treatment is correct [ 1 ]. 

 Patellar tendon ruptures are more frequently caused by 
direct or indirect trauma in young people [ 2 ]. Besides they 
can occur because of overuse trauma or microtraumatism. 
Both tendon healing and rupture are closely dependent on 
tendon anatomy and histological characteristics. The cellular 
population is constituted by tenoblasts at 90–95 %; the 

remaining 5–10 % consists of chondrocytes (at bone attach-
ment), synovial cells, and vascular cells [ 3 ]. Metabolic activ-
ity in the patellar tendon is very low, in fact it has been 
estimated to be 7.5 times lower than in skeletal muscles [ 4 ]. 
This low metabolic activity and the tendon vascularization 
are perfect to grant a greater resistance to continuous loads 
and protect from avascular necrosis [ 1 ]. In the patellar ten-
don, the vascularization depends on different sources: an 
intrinsic system at the myotendinous and osteotendinous 
junctions and an extrinsic system through the paratenon or 
synovial sheath [ 5 ,  6 ].  

12.2     Etiology 

 In literature, there are few data regarding patellar tendon rup-
tures in active people, because they are more frequent after a 
total prosthesis. There are a lot of case reports with really small 
numbers, and the focus is placed on different repairing tech-
niques despite of etiology or diagnostic process. The real chal-
lenge is how to manage a rare but complex lesion with an unclear 
etiology but potential catastrophic consequences. Typically, 
patella tendon tears occur in active young people (under 40 
years old), and it is usually caused by an indirect trauma to the 
knee: a sudden contraction of the quadriceps with the knee in 
slight fl exion (sudden impulsion, sprint, avoiding a fall, etc.) 
[ 7 ]. Traumatic lesions of the patellar tendon are also observed 
during rapid dynamic loading conditions occurring in many 
sports situations; on the other hand, injuries in maximum tensile 
stress during static test conditions are less common. This more 
common mechanism of injury was fi rstly described in 1977 by 
Zernicke et al.: they reported on the case of a 29-year-old weight 
lifter of the 1975 US National Weightlifting Championship; he 
broke his patellar tendon lifting 142.5 kg (1.73 times his body 
weight) in a fast movement [ 8 ]. Some authors described with 
biomechanical test the minimum force required to cause a patel-
lar  tendon  rupture, and it turns out equal to 17.5 times the body 
weight [ 8 ]. This is an impressive amount of force considering 
that climbing stairs generates 3.2 times body weight only [ 9 ]. 

      Patellar Tendon Rupture 
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Strain forces on the patellar tendon are greater at the osteoten-
dinous insertion than in the mid-substance: for this reason, mid-
substance lesions are much more rare than avulsions in normal 
tendons. Figure  12.1  shows the most common types of patellar 
tendon lesion. Because of the great forces needed to break a 
healthy tendon, in the international literature, it is commonly 
agreed that ruptures usually involve a degenerated tendon, over-
all if a mid-substance lesion occurs [ 10 ]. Tendon quality varia-
tions correlated to increased risk of rupture are to be referred 
to three different patterns of degeneration: mucoid, tendolipo-
matosis, and calcifi c [ 11 ]. Besides, different authors described 
other health conditions predisposing for patellar tendon rupture 
as listed below: 
•    Corticosteroids local injections [ 12 ]  
•   Diabetes [ 13 ,  14 ]  
•   Microtrauma [ 15 ]  
•   Rheumatic diseases [ 16 – 18 ]  
•   Metabolic disorders [ 19 ,  20 ]  
•   Iatrogenic lesions (ACL reconstruction) [ 21 ]  
•   Fluoroquinolones systemic use [ 22 ,  23 ]     

12.3     Clinical and Diagnostic Examination 

 The fi rst step in the diagnosis of a patellar tendon rupture is 
a good anamnesis. Typically, the patient refers an unexpected 
pain and subsequent knee impotence that can be sometimes 
associated to a fall, during a fast movement. The surgeon 
should ask for previous episodes of pain, in order to fi nd a 
history of patellar tendinosis. Besides the attention should 
focus on other comorbidities or risk factors for patellar ten-
don ruptures (diabetes, rheumatoid arthritis, corticosteroid 
injection, etc.). At clinical inspection, the knee is usually 
swollen and, frequently, the patella cannot be recognized 
because of the edema. Palpating the knee, it is possible to 
evidence a defect in the patellar tendon and a patella alta, 
especially in complete breakings. Intraarticular hematoma is 
usually considerable and can be evacuated in emergency. 
The limit of the clinical inspection is the patients’ discomfort 
and pain during knee examination. In cases of partial patellar 
tendon ruptures, active extension may be possible with pain, 
but, in cases of complete tears, the surgeon should search for 
an extension leg sign. Besides, both passive and active and 
under opposition forces, extension strength should be 
evaluated. 

 In an emergency, it is important to exclude fi rst a bone 
fracture and to analyze anatomical landmarks of the knee. 
A plain radiograph in two projections (anteroposterior 
and latero-lateral) has always to be done. A patellar avul-
sion, a patella alta or a tibial tuberosity fracture can be 
suggestive for extensor mechanism rupture. When there 
is suspicion of a patellar tendon rupture, it can be use-
ful to perform an ultrasound scan (US) that can show a 
hypoechoic area within the proximal patellar tendon. The 
advantage of US is the possibility of a dynamic study of 
the lesion while fl exing and extending the knee. The limi-
tations of this diagnostic test are the subjectivity rendered 
by the physician performing the exam and the lack of 
reproducibility. 

 The gold standard for tendon rupture still remains MRI 
but it is considered to be more expensive and less available 
[ 24 ]. MRI sensibility is higher and has to be performed when 
the diagnosis is not fully clear; this happens more frequently 
in obese and very muscular patients. CT scan can be useful 
when suspecting a patellar avulsion to better visualize the 
amount of bone attached to the tendon, but it is not useful if 
a mid-substance lesion occurs. 

 In conclusion, ultrasonography may not be a reliable 
method in establishing the diagnosis of acute injuries to 
the extensor mechanism of the knee, particularly the 
quadriceps tendon ruptures in the obese and the very mus-
cular patients.  

  Fig. 12.1    Most common types of patellar tendon lesion: injury at the 
osteotendinous insertion ( red line ) and mid-substance injury ( blue line )       
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12.4     Treatment Strategy 

12.4.1     Acute Ruptures 

 Incomplete ruptures of the patellar tendon with intact func-
tion of the extensor apparatus may be treated nonoperatively. 
The period of immobilization in full extension has to be 2–3 
weeks, followed by progressive range of motion with active 
fl exion and extension for 4 weeks; strengthening has to be 
started after 6 weeks [ 11 ]. If the incomplete lesion is associ-
ated to functional defi cits, or in cases of complete patellar 
tendon rupture, the surgical treatment is indicated regardless 
of age and physical activity. It should be performed as soon 
as possible: acute repair has the best chance to achieve a 
tension-free tendon apposition [ 7 ]. When treating acute 
patellar tendon injuries, isolated suture repair is generally 
not recommended because of the high rate of re-rupture. 
Most of lesions occur closed to the osteotendinous junction 
along the inferior pole of the patella: this localization facili-
tates transosseous sutures [ 25 – 27 ]. The surgical approach 
normally suggested for a patellar tendon repair is the anterior 
one with a midline incision. After a careful dissection, the 
peritenon is longitudinally split, the retinacular tears are dis-
sected out, and the tendon ends are debrided. Then, the infe-
rior pole of the patella, the most common site of injury, is 
decorticated with a curette or a burr to improve bleeding. 
This is made in order to improve the healing process. A pair 
of continuous, locking heavy (No. 2 or 5) nonabsorbable 
sutures is then placed in the tendon using a Krackow or simi-
lar suture technique. Three parallel bone tunnels are drilled 
with a 2.5 mm drill from distal to proximal in the patella; a 
suture passer is used to pass the free suture ends in the bone 
tunnels, with the central one containing two sutures. 

 Some authors proposed to create the tunnels using an ACL 
tibial guide [ 28 ]. The suture ends are temporarily fi xed to 
check patellar tracking and to avoid a patella infera. Once the 
correct position and tracking of the patella have been checked, 
the strands are tensioned with the knee fully extended to 
approximate the tendon to the inferior pole of the patella. The 
retinacula are now closed with an absorbable suture, and the 
knee is fl exed at 90° to test the repair [ 11 ]. As well as for 
quadriceps tendon ruptures, suture anchors can be used for 
patellar tendon acute repair [ 29 ]. Some authors described a 
technique using three suture anchors incorporated into a six-
stranded Krackow technique. Some authors concluded that 
this technique could result into a low-profi le construct, with 
better recreation of the tendon’s insertion into the inferior 
pole of the patella. This minimizes the possibilities of loosen-
ing through bone tunnels and abnormal stress forces [ 30 ]. 
Other authors demonstrated that with suture anchors, com-

pared to trans-patellar sutures, there were less gap formations 
after cyclic loading [ 31 ,  32 ]. If the rupture occurs in the mid- 
substance of the tendon and there is enough proximal and 
distal substance, it can be repaired with continuous locking 
stitches; a Krackow or similar repair can be used [ 33 ]. In 
these cases, bone tunnels can be used in the patella to hold the 
proximal fragment [ 9 ]. Alternatively, a neutralization nonab-
sorbable wire or heavy sutures can be placed transversely 
through the patella and through another bone tunnel in the 
proximal tibia; this technique have been used to provide addi-
tional stability to the primary repair [ 33 ,  34 ]. When the pri-
mary repair is tenuous, it can be augmented using different 
surgical techniques. McLaughlin et al. described a technique 
of primary repair augmented with a tension wire anchored to 
the patella [ 35 ]. Kasten et al. describe their results comparing 
an augmentation with a metal wire or a strenuous PDS one, 
reporting no differences in terms of clinical results [ 36 ]. Other 
authors described an augmentation using semitendinosus 
autograft, nonabsorbable vascular graft, or nonabsorbable 
tape [ 37 – 40 ]. The augmentation using semitendinosus or 
gracilis autograft is one of the most commonly described in 
literature. The tendon is isolated and stripped, maintaining its 
tibial insertion. A tibial tunnel is normally drilled from medial 
to lateral to the anterior tibial tuberosity, and the tendon is 
passed through it. A second tunnel is then drilled in the 
patella, and the tendon is passed through it from lateral to 
medial. At this point, the end of the tendon is sutured back to 
its tibial insertion with nonabsorbable stitches [ 41 ]. 
Figure  12.2  shows some steps of this technique. However, the 
need for an augmentation in primary patellar tendon repair is 
still debated in literature. Some authors demonstrated better 
biomechanical resistance in augmented repair; other clinical 
studies showed similar results in patients with or without aug-
mentation during the primary repair [ 42 – 44 ].   

12.4.2     Chronic Ruptures 

 In the chronic setting, primary repair is diffi cult because of 
tendon retraction, tendon quality, and adhesion formation 
[ 11 ]. Some authors described a primary repair with fascia 
lata or hamstrings augmentation; sometimes, reconstruction 
is the only surgical option [ 45 ,  46 ]. In chronic patellar tendon 
rupture or re-rupture, the hamstrings can be used with tech-
niques similar to the one described for augmentation. The 
tendons are normally left inserted, the tibial tunnel is then 
drilled, and the tendons are passed all around the patella in a 
circular or fi gure-of-eight fashion and then sutured back to 
their insertion [ 47 – 50 ]. Some authors also described a percu-
taneous technique with good clinical results, but in a small 
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case series [ 51 ]. Other authors described a technique using 
hamstrings passed through a longitudinal bone tunnel and 
then fi xed to the superior pole of the patella with an 
Endobutton® (Smith & Nephew) [ 52 ]. However, in cases of 
chronic rupture, the augmentation is always suggested, even 
in cases in which a primary repair is possible. 

 Some authors suggest the use of the contralateral central 
third of the patellar tendon with proximal and distal bone 
plugs for the reconstruction of chronic patellar tendon rup-
ture [ 7 ,  53 ]. Wiegand et al. proposed their technique using a 
Y-shaped fl ap folded back from the vastus lateralis fascia 
with good clinical and functional results [ 54 ]. Recently, dif-
ferent surgical techniques have been proposed using allograft 
tissue in patellar tendon reconstruction. Probably, the most 
commonly used allograft is the Achilles tendon [ 55 ]. The 
bone plugs of the allograft are normally fi xed to the tibial 
tubercle after a squared trench is performed. The tendon is 
split into three parts: the central one is passed through a lon-
gitudinal patellar tunnel and sutured to the superior pole of 
the patella, and the other two parts are sutured to the lateral 
and medial retinaculum with nonabsorbable stitches. 

 In chronic settings, also synthetic grafts have been used. 
Naim et al. in a case report described a surgical technique 
using LARS ligament for the reconstruction of a  patellar 

chronic tendon rupture in a low-demand patient [ 56 ]. 
However, because of the low biological profi le of syn-
thetic grafts, they are normally indicated in low-demanding 
patients.   

12.5     Outcome 

 Outcomes following patellar tendon repair or reconstruction 
are favorable. Siwek and Rao in 1981 reported good results 
in 80 % of patients treated with acute patellar tendon rupture 
repair using sutures augmented with a Steinmann [ 45 ]. 

 Dejour et al. were the fi rst to report on using contralateral 
patellar ligament for chronic patellar tendon reconstruction, 
with good results on 13 patients at 8.6 months of follow-up 
[ 57 ]. Hsu et al. examined 35 patients treated with primary 
repair associated to a neutralization wire. Using the same cri-
teria proposed by Siwek and  Rao, there were 57 % of excel-
lent outcomes, without any re-rupture [ 33 ]. Marder and 
Timmerman reported on 14 patients treated with primary 
repair without augmentation with 86 % of excellent results 
allowing them to resume their previous activity [ 44 ]. Kasten 
et al. compared two different augmentations after a direct 
suture of the tendon: the fi rst using a wire cerclage and the 

a b

c d

  Fig. 12.2    Augmentation of patellar tendon rupture with semitendino-
sus tendon. ( a ) The osteotendinous insertion lesion. ( b ) Identifi cation of 
the semitendinosus tendon and stripping, leaving the tibial insertion 
intact. ( c ) A tibial tunnel is drilled in from medial to lateral to the 

 anterior tibial tuberosity, and the tendon is passed through it. Another 
tunnel is then drilled into the patella. ( d ) The tendon is passed through 
the second tunnel and then sutured back to the tibia with nonabsorbable 
stitches       
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second with PDS. They concluded that both the techniques 
were reliable and demonstrated good intermediate to long- 
term results [ 36 ]. 

 Bhargava et al. reported good results with an average 
range of motion (ROM) of 1,378° in patients treated with 
repair and cerclage augmentation [ 58 ]. Ramseier et al. 
showed no differences in terms of muscle strength between 
injured and uninjured leg in a series of 19 cases of acute 
patellar tendon ruptures [ 26 ]. Bushnell et al. described their 
technique using suture anchors in 14 cases to repair acute 
patellar tendon lesion, with good or excellent results in 11 
patients [ 27 ]. West et al. reported on 30 patellar tendons in 
which they perform a primary repair augmented with a non-
absorbable suture and early postoperative mobilization, with 
the patients reaching their pre-injury activity level in 6 
months [ 59 ]. Massoud et al. described a new reinforcement 
suture called “suture line tension-regulating suture,” with the 
aim to reduce forces on the primary suture using an absorb-
able device. They reported good results using this technique, 
with good ROM and Insall-Salvati ratio [ 60 ]. In 2013, 
Wiegand et al. described a new technique for chronic patellar 
tendon rupture using a Y-shaped fl ap folded back from the 
vastus lateralis fascia. The authors reported good physical 
and ultrasound healing, with increasing in the mean Knee 
Society pain and function scores as well as the average ROM 
[ 54 ]. Maffulli et al. in 2013 described their surgical tech-
nique in which they performed an autologous ipsilateral 
hamstring tendon reconstruction for the management of 
chronic patellar tendon rupture. The authors concluded that 
all patients returned to their pre-activity level, and 14 out of 
16 patients were very satisfi ed with the procedure [ 48 ]. 

 Recently, Jain et al. described a percutaneous technique 
using semitendinosus tendon for reconstruction of chronic 
patellar tendon rupture, with all patients showing quadriceps 
strength 80 % or more compared to the contralateral leg. 

 In conclusion, in literature small case series of different 
techniques for both acute and chronic patellar tendon rupture 
are reported; in most of the cases, the authors described good 
results, without signifi cant differences between the 
techniques. 

 Table  12.1  briefl y describes the case series reported on 
literature.

12.6        Rehabilitation and Return to Play 

 In literature, different postoperative protocols have been 
described. The aim of the surgery should be to perform a 
repair or reconstruction as much stable as possible in order to 
allow early mobilization and to reduce the risk of arthrofi -
brosis and loss of ROM. 

 West et al. suggested to begin early ROM in the fi rst week 
after surgery limiting motion from 0° to 45° with active 

 fl exion and passive extension. After the fi rst week, they 
 normally increase the ROM of 15° each week. Besides, the 
authors suggested beginning of isometric quadriceps and 
hamstring exercises from the day after the surgery, and the 
patients were in full weight bearing with the knee locked in 
full extension for 6 weeks. With this protocol, the patients 
demonstrate good quadriceps strength in 12–20 weeks [ 11 , 
 59 ]. Other authors suggested a more prudent postoperative 
protocol with knee immobilization in a walking cast for at 
least 1 month, followed by a movable splint until rehabilita-
tion begins. In the cases in which this protocol has been used 
the patients required 6 months to obtain full knee function 
recovery [ 7 ]. However, complications after knee immobili-
zation include also decreased patellar mobility, persistent 
pain, muscle weakness, and patella baja. West advocated the 
utility of using a protective “relaxing suture” strong enough 
to allow early ROM. Postoperatively, a hinged knee brace 
locked in extension during ambulation was used for 6 weeks 
and removed daily to allow active ROM exercises from 0° to 
55°, in association to full weight bearing. With this postop-
erative protocol, they obtain 120° of fl exion and brace-free 
ambulation at a mean of 7.7 weeks, with all patients reaching 
their previous activity level in 6 months [ 59 ]. Other authors 
reported similar postoperative protocols with a hinged knee 
brace locked in extension for 6 weeks allowing immediate 
ROM exercises from 0° to 45° with good clinical results 
[ 44 ]. For what concerns strengthening exercise, some authors 
allowed straight-leg raising without resistance at 6–8 weeks, 
stationary cycling at 8 weeks, and progressive quadriceps 
muscle exercises at 12 weeks. Running was normally permit-
ted at 16–20 weeks, and contact sports or jumping was per-
mitted at a minimum of 6 months after repair [ 44 ]. Braghava 
et al. described a third type of postoperative protocol in asso-
ciation to an augmented repair in which no immobilization 
was used; the patients started continuous passive motion 
from 0° to 60° immediately, and they were allowed to mobi-
lize with crutches up to 65 weeks after surgery [ 58 ]. 

 There is no randomized control trial comparing early 
ROM to cast immobilization after patellar tendon repair or 
reconstruction. Generally speaking, if a strenuous primary 
repair is performed, an early ROM between 0° and 45–60° 
can be allowed, overall if an augmentation is performed. On 
contrary, in cases of tenuous repair, chronic lesions, or re- 
rupture, a more prudent postoperative protocol is suggested, 
but the risk of loss of ROM increased. Some authors stated 
that cast immobilization may be better compared to hinged 
knee brace because it better maintains the position of the 
patella and patellar tendon, but it should be used for no more 
than 2 weeks to prevent stiffness and anterior knee pain [ 48 ]. 

 Most of the authors reported good clinical outcomes using 
both early mobilization and cast immobilization, with return 
of the pre-injury activity level in most of the patients. 
However, there are few studies reporting on return-to-sport 
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rate after acute or chronic patellar ruptures, with most of 
them reporting on moderate rates.  

    Conclusion 

 Patellar tendon rupture is a rare but complex pathology. 
When occurring in young people, it can be a consequence 
of a serious trauma or a systemic pathology. In every case, 
considering the low vascularization and number of cells, 
the repair and the following healing are a challenge. For 
low- energy lesions, considering systemic pathologies 
causing tendinopathy, it can be necessary to treat systemic 
pathology in a multidisciplinary approach. The history 
told by the patient can be really suggestive but has to be 
confi rmed by instrumental exams in order to locate and 
measure the lesion. 

 Different surgical techniques have been described both 
for acute and chronic patellar tendon ruptures. 

 In the acute setting, most of the authors described a 
repair using trans-patellar tunnels associated or not to an 
augmentation. Recently, other authors reported on patel-
lar tendon repair using suture anchors, with some biome-
chanical studies demonstrating less gap formation after 
cyclic loading compared to trans-patellar sutures. The 
role of the augmentation in acute patellar tendon rupture 
is still debated. The advantage in using augmentation, 
with both metallic and nonabsorbable wires, is that repair 
is more theoretically strenuous allowing an early mobili-
zation. On the other hand, augmentation with metallic 
wire required a second surgery to remove it. However, 
there are no studies confi rming better outcomes in patients 
in which an augmentation was performed compared to 
suture repair alone. 

 In the chronic setting, a primary repair is often not suit-
able because of tendon retraction. In these cases, a recon-
struction is suggested, and different autologous, allogenic, 
or synthetic grafts have been used, with the semitendino-
sus the most described. There are no studies describing 
the superiority of a graft or of a surgical technique on the 
others. In chronic patellar tendon rupture, postoperative 
protocols are normally more cautious, with a longer 
period of knee immobilization. 

 There is no consensus in literature on the most proper 
postoperative and rehabilitation protocol. Good results 
have been described both for more cautious and aggres-
sive protocols, and most of the literature concluded that 
the rehabilitation should be set on the strength of the 
repair/reconstruction. 

 In conclusion, patellar tendon ruptures are relatively 
rare but often require surgery. Neglected or chronic patel-
lar tendon rupture is exceptional. If surgery is performed 
in the acute setting (within 7–14 days), primary suture 
repair can be performed, and functional results are 
 normally satisfactory. In case of tendon retraction or 

defect, however, the surgical technique can be more 
demanding and functional outcomes less satisfactory.     
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13.1             Introduction 

    Muscle injuries represent the most common type of injury in 
football, and hamstring injuries are the most common sub-
type, representing 12 % of all injuries. In professional foot-
ball, muscle injuries represent 31 % of all injuries, causing 
25 % of layoff time from training and competition. A recent 
study showed that a team of 25 players can expect 4–6 ham-
string injuries per season [ 1 ]. Referring to hamstrings, 83 % 
of injuries affect the biceps femoris muscle, 11 % the semi-
membranosus muscle, while only 5 % the semitendinosus 
[ 2 ]. Even if the infl uence of this kind of injury has been very 
widely studied in professional sports, especially in football, 
this issue is also impacting on competitive (lower divisions) 
and recreational athletes, both in football and other sports, 
especially rugby, dancing and track and fi eld [ 3 ]. One of the 
most challenging aspects of hamstring injuries is the high 
rate of recurrence (12–43 % reported in recent literature), 
which probably indicates inadequate rehabilitation pro-
gramme and/or a premature return to sport. 

 Despite their clinical relevance, the treatment of these 
injuries is still controversial and often empirical. We think 
that a proper approach should be based on a clear under-
standing of the injury mechanism, a quick and correct diag-
nosis, a well-planned recovery programme and a safe return 
to sport strategy. 

 The aim of this chapter is to go through all the aspects of 
hamstring disorders, from the injury to return to play and 
reinjury prevention.  

13.2     Injury Mechanism 

 In order to discuss the topic of  hamstring  injuries, it is impor-
tant to comprehend what the main risk factors are (RF) and 
how these injuries happen. 

 Two recent systematic reviews have been performed in 
order to establish the evidence about the RF for hamstring 
injuries [ 4 ,  5 ]. Foreman et al. [ 4 ] and Prior et al. [ 5 ] identifi ed 
hamstring muscle weakness, thigh muscle imbalance, lim-
ited muscle fl exibility and previous hamstring injury as 
potential risk factors. Among demographic characteristics, 
age and black ethnicity also seem to play a role. 

 The strongest risk factor seems to be a history of previous 
hamstring strain [ 5 ], with a reported 6.3    times greater rela-
tive risk at 8 weeks from return to activity [95 % confi dence 
interval (CI), 5.21–7.70] [ 6 ]. This result was also confi rmed 
by Freckleton et al. [ 7 ] in another recent review. 

 Hamstring injuries can occur with both  noncontact  (NC) 
or  contact  (C) traumatic events. NC patterns are the most 
common mechanisms involved, and they can occur in a vari-
ety of situations, while C injuries are due to the direct appli-
cation of external force. We will mainly focus on the fi rst 
category. 

 Regarding NC injuries, there are at least two different 
types of acute injury mechanisms. The fi rst one occurs dur-
ing high-speed running and sprinting ( type I or high-speed 
running type ). The other occurs during movements leading 
to extensive lengthening of the hamstrings, such as high 
kicking and sliding tackles ( type II or stretching type ) [ 8 ]. 
Askling et al. [ 8 ] argued that this distinction may play an 
important role in the recovery process. 

 Type I injuries usually involve the long head of the biceps 
femoris and may be located at both the proximal and distal 
muscle-tendon junctions. In this case, the main mechanism 
of injury, as mentioned above, is sprinting. They normally 
occur during the terminal swing phase of running, when the 
hamstrings work eccentrically, to decelerate the knee exten-
sion. Type I injuries are more common in sports like football, 
rugby and track and fi eld. 
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 Type II injuries usually involve the proximal  hamstrings 
near the ischial tuberosity and can be typically located at 
the proximal free tendon of the semimembranosus. The 
mechanism of injury is often due to an excessive ham-
string stretch in hip fl exion. Type II injuries are more 
common in sports like dance and gymnastics. This type of 
injury is often due to a longer recovery time when com-
pared to type I [ 8 ]. 

 As we mentioned before, a deep comprehension of the 
injury mechanism is a crucial part of the recovery process.  

13.3     Diagnosis 

 It is well established that an immediate and correct diagnosis 
is the key to plan an appropriate rehabilitation programme 
[ 9 ]. The diagnosis process comprehends an accurate  clinical 
history,  a careful  physical examination  and the appropriate 
 imaging investigations.  

 During the  clinical history  there has to be a proper iden-
tifi cation of patient’s general characteristics, including the 
type of sport, sport level, training history and patient’s gen-
eral health. In addition, focusing on the actual problem, the 
clinician has to investigate the exact circumstances of the 
injury and the symptoms’ onset and features. Plus it is man-
datory to gather information about any previous injury, 
obviously focusing on previous hamstring disorders, being 
aware of the fact that a recurrence differs from a primary 
injury. 

 The pain history is a crucial aspect in hamstring injuries. 
There are at least two modalities of pain onset. The fi rst sce-
nario is defi ned by a sudden onset of a well-localised and 
sharp pain, evocated by a specifi c movement and preceded 
by a “pop” or “snap” feeling. This is the typical onset modal-
ity of  structural injuries , according to the recent Munich 
consensus [ 10 ]. The second one may be characterised by a 
progressive (during activity) or delayed (typically post activ-
ity) onset of a poorly localised muscle soreness. These are 
the typical onset modalities of  functional (nonstructural) 
injuries  that represent the vast majority of hamstring 
disorders. 

 Another feature of  structural injuries  is the immediate 
functional impairment, frequently reported by the patient as 
a sudden fall to the ground after the injury. In this case, most 
of the time, the athlete cannot continue to perform and has to 
stop the activity. 

 The  physical examination  has to be carefully performed 
with a step-by-step approach. It consists of a posture and 
gait inspection, inspection and palpation of the muscle bel-
lies, fl exibility tests, strength evaluation and functional 
tests [ 11 ]. It is recommended to perform any evaluation or 
test bilaterally, to compare the injured limb to the 
contralateral. 

 In the literature, the fi rst clinical examination is often car-
ried out within 12 h to 2 days post-injury [ 12 ]. 

 During the gait inspection the patient may limp, due to the 
knee extension defi cit and pain. Plus you can evaluate the 
dynamic muscle morphology comparing it to the contralat-
eral side; there may be discontinuity in the muscle shape. 
This is especially true if we are dealing with a severe injury 
and in the acute phase after trauma. 

 The inspection and palpation of muscle bellies are clinical 
milestones of the diagnostic process. Through the inspec-
tion, swelling and ecchymosis of the posterior thigh may be 
detected; these skin changes usually arise a few days after 
the injury. 

 The palpation, craniocaudally performed, is useful for 
identifying the right site of the injury through pain provocation 
and the presence/absence of a palpable defect. The palpation 
fi ndings are different in  functional  and  structural  injuries. 

 In  functional  injuries a muscle bundle stiffness is fre-
quently present, while other fi ndings may be missing. On the 
other hand,  structural  injuries are characterised by a well- 
localised evocated pain during palpation. 

 Depending on the severity and size of the lesion, a 
structural defect may be found. This fi nding is often miss-
ing in  minor partial tear  [ 10 ] (defect size less than a mus-
cle fascicle/bundle) because of the limited number of 
disrupted fi bres, while it is often detected in  moderate par-
tial tear  [ 10 ] (defect size greater than a muscle fascicle/
bundle) and always present in  subtotal muscle tear and 
tendinous avulsion  [ 10 ]. 

 Flexibility tests are usually performed to assess the degree 
of impairment. Both the hip and knee ranges of motions 
(ROM) are decreased in the acute phase [ 9 ]. The fl exibility 
tests, like the “the sit and reach test” or the “hip fl exibility 
test”, are often positive. 

 A manual against resistance strength evaluation may be 
performed. For example, you can evaluate the knee fl exor 
strength with the patient in a prone position, with extended 
hip and applying resistance at the heel [ 9 ]. The two main 
fi ndings may be a strength defi cit and an evocated pain dur-
ing the muscle contraction. They are often both present in 
severe  structural injuries  and often missing in  functional 
injuries . The two previously mentioned signs (strength def-
icit and evocated pain) are equally clinically important. 

 As part of the differential diagnosis, the process is crucial 
not to miss a referred pain to the posterior thigh that can be 
due to lumbar spine problems. The distinction between an 
L5–S1 disc prolapse and a real hamstring injury may be 
based on the clinical history and imaging [ 11 ]. 

 The clinical suspect is usually confi rmed with a proper 
use of  imaging investigations . Ultrasonography (US) and 
magnetic resonance imaging (MRI) are the most suitable 
techniques for depicting hamstring lesions [ 13 ]. In current 
clinical practise US is frequently used because of its 
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 advantages, such as the low cost, a wide availability, the 
relatively easy use and the possibility to perform a dynamic 
assessment [ 11 ]. On the other hand this modality is highly 
user dependent, requires long training, is poorly reproduc-
ible and is inadequate for deep structure evaluation. MRI is 
more sensitive for identifying low-grade injuries and deeper 
muscle lesions [ 14 ]. 

 The time of imaging is still controversial, even if 
24–48 h after trauma seems to be the best moment [ 11 ]. 
Follow-up imaging is also frequently performed to assess 
the progression of rehabilitation. The ideal moment of fol-
low-up differs in every single case; however, we developed 
an ideal scheme of imaging (US) monitoring that we adopt 
in our daily activity, especially with professional athletes 
(Fig.  13.1 ).   

13.4     Treatment Strategy 

 The conservative treatment is the recommended approach in 
most of the cases; surgery is required only in rare ones, such 
as a total proximal hamstring rupture with tendinous avul-
sion [ 15 ]. We will focus the discussion on the conservative 
treatment. 

 First of all, in our vision a correct strategy also means 
having a proper team, proper facilities and a proper method. 

 The team is formed by the  medical doctor,  the  physio-
therapists  and the  athletic trainer.  The team acts together to 
coordinate the process around the patient, with a constant 
sharing of information. For proper facilities we mean a  rehab 
gym, pool and fi eld . The patient will be treated with sessions 
in each single environment. Regarding the method, we adopt 
a  criteria-based rehabilitation protocol  that represents the 
current concept for hamstring injuries. 

 Our protocol is divided into four different stages, with 
specifi c treatment goals and progression criteria for stage 
advancement and return to sport (Table  13.1 ).

   The primary goal of rehabilitation is to return the patient 
to his/her pre-injury activity level as safely and quickly as 
possible while minimising the risk of reinjury.  

US US US US

Day 1 Day 3 Day 5 OFR RTS

Stage 1 Stage 2-3 Stage 4

  Fig. 13.1    Ultrasound monitoring scheme.  US  ultrasound,  OFR  on-fi eld rehabilitation,  RTS  return to sport       

   Table 13.1    Criteria-based return to sport protocol for hamstring 
injuries   

 Stage 1  P.O.L.I.C.E. approach 
 Lumbo-pelvic exercises 
 Cold physical modalities 
 Early mobilisation in the pool 

      

 Walk normally without any complaints 

 Stage 2  Stretching/fl exibility exercises (static/dynamic) 
 Isometric strength exercises 
 Isotonic strength exercises 
 Core stability 
 Aerobic threshold workout (stationary bike, tapis-roulant) 

      

 Running (low-intensity) forwards/backwards without any 
complaints 
 Pain-free hamstring strength exercises/test 

 Stage 3  Stretching exercises (continued) 
 Eccentric strength exercises 
 Proprioception exercises and core stability 
 Aerobic and lactacid anaerobic workout 
 Sport-specifi c drills (low-demand activities) 
 FIFA 11+ 

      

 Running 20–30 m at maximal speed without any 
complaints 
 Pain-free posterior chain fl exibility test/stretching 
 Complete recovery of hamstring strength 

 Stage 4  Eccentric strength exercises 
 Anaerobic workout (especially alactacid, very high intensity) 
 Sport-specifi c drills (high-demand activities) 
 Sport-specifi c situations 
 FIFA 11+ 

      

  RTS criteria  
   No US and MRI signs of muscle lesion 
   “Muscle feeling” as the contralateral 
   Complete recovery of ROM and posterior chain fl exibility 
   Complete recovery of hamstring strength 

(isokinetic test) 
   Recovery of aerobic/anaerobic fi tness (metabolic tests) 
   Complete the OFR programme 

  Each stage should be initiated only when the criteria (traffi c lights) are 
satisfi ed  
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13.5     Rehabilitation and Return to Sport 

13.5.1     Stage 1: Protection and Optimal 
Loading 

 The main goals of this stage are  reducing infl ammation, pro-
tecting the injured muscle and maintaining neuromuscular 
activity.  

 In the immediate post trauma (fi rst 24–48 h), the muscle 
has to be protected from movements that could potentially 
infl uence and slow down the healing process. The PRICE 
(Protection, Rest, Ice, Compression and Elevation) concept 
[ 16 ] is extensively applied. The    aim of this approach is to 
reduce the haematoma, prevent the fi bre retraction and the 
overall quantity of fi brous tissue neoformation [ 17 ]. Lately 
the rest concept has been widely discussed. It is accepted 
that an optimal loading concept rather than a complete rest 
has to be preferred. So it is suggested to move to the new 
acronym POLICE which represents protection, optimal 
loading, ice compression and elevation [ 18 ]. This is not only 
a new algorithm but a stimulus to think differently and cus-
tomise the rehabilitation strategies to the injury severity and 
location. Following this idea, it is not recommended to 
extend the immobilisation over 3–5 days. A careful and pro-
gressive loading enhances positive effects both histologi-
cally and biomechanically [ 17 ]. So we recommend starting 
the fi rst low-intensity, ROM-protected, pain-free exercises 
involving the entire lower extremity and lumbo-pelvic 
region to develop neuromuscular control. Plus, the use of 
physical modality such as low-level laser therapy (LLLT) 
and lymph draining massage is introduced to reduce haema-
toma and infl ammation. Moreover, an early mobilisation in 
the pool, using high-level water, may be planned to give 
progressive  stimuli to the healing tissues (Fig.  13.2 ).  

 The criterion to move to the subsequent stage is  walking 
normally without any complaints .  

13.5.2     Stage 2: Aerobic Threshold Workout 
and Running Recovery 

 The main goals of this stage are  an initial aerobic recondi-
tioning and the initial recovery of fl exibility and strength.  

 In this stage there is a progressive introduction of pain- free 
fl exibility and strength exercises, with attention to the whole 
kinetic chain. It is mandatory to work properly on muscle fl ex-
ibility throughout different types of exercises. Both active/ 
passive and static/dynamic pain-free stretching exercises may 
be used. Isometric exercises and subsequently isotonic exer-
cises are introduced to initially restore thigh and lower limb 
muscle strength (Fig.  13.3 ). It is important to keep applying a 
load progression principle; moreover, core stability and lumbo-
pelvic exercises are part of the protocol. An aerobic threshold 
low-intensity workout is initiated as soon as possible, through 
the activation of the uninjured muscles. During this stage the 
main location of the sessions is the rehabilitation gym.  

 The criteria to move to the next stage are  running without 
pain/complaints and performing pain-free against resistance 
hamstring strength tests.   

13.5.3     Stage 3: Anaerobic Lactacid 
and Eccentric Strength Recovery 

 The main goals of this stage are  the complete recovery of 
fl exibility and strength, an initial anaerobic threshold 
 reconditioning and starting on-fi eld exercises     .  

  Fig. 13.2    Early mobilisation in the pool. Low-intensity exercises in the 
pool, with optimal loading progression, may be helpful for severe injuries       

  Fig. 13.3    Proximal strengthening exercises. There are a lot of different 
exercises for posterior chain strengthening to be performed in the gym. 
It is mandatory to focus on the lesion area. In this case the patient is 
performing a proximal strengthening exercise       
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 Stretching/fl exibility and strength recovery workout are 
continued and intensifi ed during this stage. Eccentric 
strengthening exercises are part of the programme, with the 
same principle of load progression (Fig.  13.4 ). Due to the 
hamstring biarticular nature, the exercises have to be properly 
thought out to act on the proximal, medium or distal part of 
the muscle group, depending on the lesion site. Proprioception 
exercises are introduced in the programme, with progressive 
increasing of complexity and duration. Subsequently they are 
combined with core stability, continuously proposed in the 
protocol. Aerobic workout is intensifi ed and anaerobic thresh-
old exercises are progressively introduced in the programme. 
During this stage the patient works both in the gym and on the 
fi eld to better restore the musculoskeletal function. Very fi rst 
sport-specifi c movements are introduced.  

 The criteria to move to the fi nal stage are  running at maxi-
mal speed for 20–30 m drills without any complaints, pain- 
free posterior chain fl exibility test/stretching and complete 
recovery of muscle strength.   

13.5.4     Stage 4: Return to the Team 
and Prevention Pro-education 

 The main goal of this stage is  a safe return to sport at the 
same activity level , with  minimal risk of reinjury . 

 The fi nal stage of recovery, as usual, is the most challeng-
ing. During this last period, there is a progressive introduction 

of more complex sport-specifi c drills. Jumping, sprinting and 
cutting manoeuvres are part of the programme; the athlete 
should check his ability in these drills before returning to 
unrestricted sport. The work on the specifi c injury pattern has 
to be stressed widely; the action that caused the original 
injury must be repeated many times. The use of sport- specifi c 
tools is suggested to better restore the fi nal gestures, so activi-
ties with balls have to be introduced properly. Aerobic and 
especially anaerobic workouts are continued and intensifi ed 
compared to previous stages. We always suggest the use of a 
heart rate monitor (HRM) to better control the type of activity 
the patient is performing (Fig.  13.5 ).  

 Regarding prevention we adopt a continuous prevention 
strategy, from the very beginning of the programme to the 
last session. Specifi c interventions with well-known result in 
reducing reinjury rate, such as the Nordic eccentric ham-
string exercise, are early introduced in the programme [ 19 ]. 
Moreover we introduce the FIFA 11+ programme during the 
on-fi eld rehabilitation (OFR) sessions. Patients perform the 
programme at the beginning of each session. The pro- 
education of the patient on this very important topic is cru-
cial to obtain a long-lived result. A three times a week 
maintenance programme works brilliantly in reducing mus-
culoskeletal injuries in football, with a reduction of 29 and 
37 %, respectively, in matches and training [ 20 ]. 

 Defi ning  objective criteria to return to sport  (RTS) is still 
challenging, but not to be overlooked. The athlete should be 
allowed to return to the team/unrestricted individual sporting 
activity only when meeting certain criteria  (this is the result 
both of our experience and the current evidence in literature).  

  Fig. 13.4    Nordic hamstring eccentric exercise. An eccentric strength-
ening programme is very important both during rehabilitation and for 
prevention       

  Fig. 13.5    Heart rate monitoring on the fi eld. The work intensity 
 progression has to be well monitored through the metabolic threshold 
test and the subsequent heart rate monitoring during the sessions       
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 The criteria to RTS are  no US or MRI signs  of muscle 
lesion,  feeling the injured muscle like the contralateral  dur-
ing or after any activity (OFR included),  complete recovery 
of ROM  and  posterior chain fl exibility, complete recovery of 
hamstring strength  (isokinetic test should be performed with 
the goal of complete symmetry among the limbs),  recovery 
of the aerobic and anaerobic fi tness  (metabolic test should 
be performed) and  complete the OFR programme  (functional 
abilities to be checked).   

    Conclusions 

 Hamstring disorders are a common problem in athletes. 
When facing these pathologies, sports medicine clinician 
has to deal with a lot of different aspects, from the 
 biological healing to the complete functional restoration. 
Posterior chain fl exibility and strength recovery, especially 
eccentric, are milestones in treating these patients; how-
ever, we have to consider the metabolic aspects and a care-
ful prevention programme as part of the recovery process. 

 We proposed a criteria-based strategy because we 
fi rmly believe that this approach allows the patient to 
return to pre- injury activity reducing the reinjury rate.     
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14.1             Introduction 

 Musculotendon units are responsible for force production and 
energy storage. Musculoskeletal movements are a result of syn-
ergistic action of skeletal muscles, tendons, and  ligaments [ 1 ]. 

 In the last 20 years, sport activities have become even 
more important, and even more attention has been paid to 
high-level athletes in competitive sports. Unfortunately this 
has increased the risk of traumatic and overuse injuries, 
because training starts even sooner and it has recently 
become highly intensive for longer periods of time. 

 Many factors contribute to the return to play, such as pain 
threshold, motivation, timing of the season, fi nancial factors, 
and, of course, severity of injury. In view of these consider-
ations, it can be said that return to play is a subjective result [ 2 ]. 

 Tendinopathies and muscular disorders are a leading 
cause of long-term pain and physical disability worldwide. 

 Muscle and tendon injuries are responsible for a large 
portion of time lost from competition, and a quick return to 
training and competition is certainly a priority for all profes-
sional athletes [ 3 ]. However, it is also important not to return 
to sport prematurely, when the risk of reinjury is still high. 

 As muscles and tendons are generally subjected to large 
mechanical loads, they can frequently be injured. As a result, 
injuries cannot only cause impairment of mobility or abnor-
mal kinematics but also undermine tissues adjacent to the 
joint, such as cartilage [ 4 ]. 

14.1.1     Pathological Processes 

 While appropriate mechanical loads produce anabolic effects 
on muscles and tendons, mechanical “overloading” can alter 

structural and mechanical properties of these tissues. An 
 abnormal mechanical loading deviates from a normal one by 
changes in magnitude, frequency, duration, and/or direction [ 5 ]. 

 A good example is the production of high levels of pros-
taglandin (PGE2), an infl ammatory mediator which is pres-
ent in injured tissues. Among its many properties, PGE2 can 
stimulate the tendon cell differentiation in non-tenocytes, 
potentially causing the development of non-tendinous or 
non-muscle tissue in tendon and muscle structures. This pro-
cess alters the homogeneity of musculotendon properties, 
impairing tissue integrity and leading to high risks of tears 
and ruptures. 

 Other specifi c modifi cations include disrupted collagen with 
fi bers thinner than normal, increased ground substance with 
high levels of glycosaminoglycans and proteoglycans, changes 
in cellularity, an increase in apoptosis most likely caused by 
oxidative stress, and, most of all, neovascularization [ 6 ]. 

 On the other hand, insuffi cient mechanical loads can nega-
tively affect muscles and tendons. Disuse or prolonged immo-
bilization leads to changes in cell shape, cell number, collagen 
fi ber alignment, and possible tissue degeneration. Without a 
constant mechanical load applied on muscles and tendons, 
they can become atrophied, losing weight and stiffness [ 4 ]. 

 Musculotendinous strains and tears can be caused by a 
single, traumatic event due to an excessive stretching (as for 
high-speed runners), eccentric contractions (as for football 
players), or an excessive range over sequential joints (as for 
dancers). 

 Otherwise even a microlesion provoked by an eccentric 
exercise can sometimes develop to major tears: this happens 
more frequently in sports such as track and fi eld, football, 
and rugby [ 3 ]. 

 Once muscle injury has occurred, healing progresses 
through three distinct phases. The fi rst one is commonly 
known as the  destruction infl ammatory  phase, covering the 
fi rst week after injury: myofi bers are broken, hematoma 
develops, and the infl ammatory cascade starts. The second 
and third phases consist in the  repair  and the  remodeling  
stages: repair usually lasts from 2 to 6 weeks since injury 
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occurs, while remodeling begins about 7 weeks after 
 injuring, and it can last for several months. During this time, 
myofi bers start regeneration, and a connective tissue scar 
develops [ 7 ].   

14.2     Evaluation 

 Clinical assessment of the muscle injury severity is para-
mount for planning the rehabilitation protocols and predict-
ing recovery time, especially in elite athletes. 

 The mechanism of injury and the subsequent tissue injury 
have an important prognostic value in estimating the reha-
bilitation time needed. Injuries involving an intramuscular 
tendon or aponeurosis and adjacent muscle fi bers typically 
require a shorter healing period than those involving a proxi-
mal free tendon [ 8 ]. 

 Measuring strength, range of motion (ROM), and pain 
can be fundamental tools to evaluate the rehabilitation dura-
tion of lesions involving intramuscular tendon and adjacent 
muscle fi bers. 

 Musculotendinous lesions are clinically characterized by 
a gradual development of stiffness in the tendon, activity- 
related pain, decreased function, and sometimes localized 
swelling. 

 Usually, clinical examination consists in evaluating pain 
and function by means of stretching, isometric contractions, 
and palpation of the pathological area. 

 While clinical evaluation is the basis for the diagnosis, 
imaging techniques are frequently used on a professional 
level: they can enhance the diagnosis quality in order to prog-
nosticate healing time and duration of layoff from sport [ 9 ]. 

 Magnetic resonance imaging (MRI) and ultrasound (US) 
are currently considered the fi rst choice in the assessment of 
musculotendinous injuries. 

 Ultrasound is inexpensive and widely available, and 
someone prefers it to MRI for the initial assessment of injury. 
It allows dynamic imaging diagnosis, and whenever a large 
hematoma has to be drained, it can be used as a guide during 
the procedure. 

 When acute traumatic injury is present, a US image usu-
ally shows alterations in water content of the affected units. 
Other sonographic signs of muscle tears include avulsion 
and proximal retraction of the fi brofatty septa; in low-grade 
injuries, the space between the retracted tissue and the apo-
neurosis is fi lled with a hyperechoic area, refl ecting the pres-
ence of clots and blood collection. On the other hand, worse 
injuries are characterized by a more copious extravasation of 
blood, easily detectable from 1 to 2 days after injury [ 10 ]. 

 Power Doppler US is also useful for evaluating blood 
fl ow in the skeletal muscle, identifying hyperemia or neovas-
cularization and then allowing the detection of even tiny 
lesions. 

 However, US sensitivity for detecting muscle healing is 
not as accurate as MRI. US underestimates the degree of 
injury; it cannot identify areas of subtle edema as well as it 
cannot distinguish between old and new lesions. Moreover, 
the use of US during follow-up can reveal some problems 
because it is almost impossible to reproduce the exact imag-
ing position at the following visits [ 11 ]. 

 Musculotendinous strains can occur even without a mus-
cle tear. In such cases, muscle functions can be preserved. 
MRI shows interstitial edema and hemorrhage both at the 
musculotendinous junction and up to the adjacent muscle 
fascicles, developing hyperintensity on fl uid-sensitive 
sequences. 

 When a partial tear of fi bers without retraction is present, 
there can be a mild loss of muscle function; in this case, on 
MR images, hematoma at the junction and perifascial fl uid 
accumulation can be added to interstitial edema and 
hemorrhage. 

 A complete musculotendinous rupture instead is com-
monly associated with a clinically visible hematoma, while 
MR images can be helpful for evaluating the extent of 
retraction [ 3 ].  

14.3     Managing Healing Process 

 The decision whether an athlete can safely return to sport is 
challenging. In fact it has been reported that 59 % of reinju-
ries occur within the fi rst month after return to play [ 12 ]. 

 First and foremost, a distinction should be made between 
a tendon injury and lesions that involve muscle fi bers, 
 epimysial fascia, or the musculotendinous junction. Indeed, 
tendon tissue recovers more slowly than the others: for 
example, tendons defi ned as “free” have prolonged healing 
times, such as the supraspinatus, patella, quadriceps and 
Achilles tendon [ 13 ]. 

 Imaging plays a signifi cant role in determining if an ath-
lete is ready or not to return to competition (Fig.  14.1 ).  

 US and MRI are equally sensitive in assessing muscle or 
tendon injury. However, MRI offers a more detailed analysis 
of the lesion, and it is not user dependent (Fig.  14.2 ).  

 Despite all these features, there is no clinical classifi ca-
tion system able to predict the return to play on the basis of 
the mere extent of the lesion seen on MRI [ 2 ]. 

 Nevertheless, several studies have demonstrated that 
whenever a structural damage is identifi ed on MRI, return to 
play will take longer than those traumas without any struc-
tural defect [ 14 ]. 

 Some authors have reported MRI fi ndings at return to 
sport, such as still increased signal intensity on fl uid- 
sensitive sequences (correlated with edema persistence) or 
decreased signal intensity (correlated with scar tissue 
 formation) [ 15 ,  16 ]. 
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 However, a high intensity signal in fluid-sensitive 
sequences in MRI sometimes does not indicate the spe-
cific phase of injury. There are indeed clinically recov-
ered athletes in which the amount of increased signal 
intensity in fluid-sensitive sequences at return to sport 
exceeds that of other athletes at the time of initial injury. 
This seems to suggest that the extent of this kind of 
sequences does not differentiate an injured from a recov-
ered muscle [ 17 ,  13 ,  12 ]. 

 Nevertheless changes of the hematoma over time can suc-
cessfully guide treatment decisions and managing [ 10 ]. 

 Tendon Doppler fl ow among active athletes can show 
adaptive response to mechanical loading. A neovascularity is 
considered one of the hallmark features of tendinopathy. 
Despite this, it has not been demonstrated whether tendon 
Doppler fl ow is related to prolonged activity, although it is 
well known that Doppler fl ow increases after an acute 
improvement of mechanical loading [ 18 ]. 

 Some authors have established a relationship between 
Doppler fl ow and tendon structure abnormalities, in particu-
lar the tendon was characterized by a widening of the struc-
ture and the presence of an hypoechoic region [ 19 ]. 
Conversely, other authors have demonstrated that there was 
no association between Doppler fl ow and hypoechogenicity, 
but between Doppler fl ow and heterogeneous echogenicity, 
which may explain the lack of correlation between Doppler 
fl ow and pain [ 18 ]. 

 A unique correlation between Doppler fl ow imaging and 
pathological disorders does not exist yet, because it depends 
on multiple factors including athlete’s activity level, the 
amount of mechanical loading, and operator’s ability. 

 Taking together several studies, it can be stated that 
Doppler fl ow is not necessarily a sign of current tendon pain, 
but it can be associated with tendon stiffness or pathologic 
abnormalities (Fig.  14.3 ).  

 Therefore, Doppler fl ow can be correlated to asymptom-
atic changes in tendon morphologic characteristics in 
response to mechanical load among active athletes [ 18 ]. 

 Generally speaking, several researches have affi rmed that 
tendons showing US signs of tendinopathy can be pain-free, 
and at the same time, US alterations are not necessarily asso-
ciated with bad prognosis [ 20 ]. 

 It can also be said that sensory nerves probably contribute 
to produce pain in the site of increased vascularity. Even bio-
chemical substances like substance P or glutamate, corre-
lated with neurovascular ingrowth, can be involved in the 
development of tendon pain [ 21 ]. 

 It seems plausible that tendons undergo changes during 
the asymptomatic phase before the pain threshold is reached 
and the alterations become symptomatic [ 22 ]. 

 However, recent studies point out that intratendinous fl ow 
can be increased during exercise both in normal healthy 
asymptomatic patients and in symptomatic athletes. 

  Fig. 14.1    Echographic image of mild focal soleus muscle 
overstretching       

  Fig. 14.2    MR image of insertional patellar tendinopathy       
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 This suggests that intratendinous fl ow is not necessarily a 
sign of overuse injury, but it could be just a normal physio-
logical response to loading [ 23 ]. 

 Therefore, it should be underlined that US and color 
Doppler must be associated to other diagnostic tools, such as 
MRI and clinical tests, to provide a complete evaluation. 

 Most muscle injuries successfully respond to conserva-
tive management. 

 A short period of total inactivity is fundamental for a 
rapid and complete recovery. However, immobilization 
should not last more than 1 week, so that the adverse effects 
of immobilization can be limited. The ideal resting period 
should last 4–6 days after injury, preventing excessive scar 
formation and reinjuries at the lesion site [ 24 ]. 

 This initial rest must be followed by active rehabilitation, 
as an early mobilization intensifi es the regeneration phase as 
well as it induces angiogenesis. Exercise also facilitates the 
regenerating myofi bers to arrange themselves in the proper 
orientation [ 24 ]. 

 Caution is fundamental when the repair site remains com-
pletely or even partially unloaded for a while. 

 Whereas some kind of structures show benefi ts from 
immobilization, like rotator cuff tendons, other tissues like 
fl exor tendons of the hand or patellar tendon can develop 
fi brous adhesions and a reduction in repair strength, prob-
ably due to increased collagen turnover rather than 
atrophy. 

 A complete and prolonged removal of load has been 
demonstrated to limit the healing process of muscles or 

 tendons, largely due to a decreased production of extracel-
lular matrix. 

 These concepts can be also applied when passive motion 
is required. Some tendons need long excursions to restore the 
proper functioning, because they are encased in synovial 
sheaths. Therefore, in order to maintain the proper tissue 
sliding, adhesions between the tendon surface and its sheath 
must be prevented. 

 At any rate, whatever the tendon-specifi c function is, con-
tinuous passive motion after immobilization or/and after sur-
gery can only be helpful for a complete tendon or muscle 
healing [ 25 ]. 

 Unfortunately, we cannot rely on specifi c measures for 
predicting exactly the downtime of the athlete after a serious 
muscle injury. 

 It has been supposed by some authors that four simple 
measures performed during the clinical examination 
3–5 days after injury could predict a recovery longer than 
4 weeks; these parameters take account of the presence of 
bruising or hematoma, tenderness to palpation, lack of com-
plete ROM, and pain during isometric limb lengthening [ 26 ]. 

 It has been widely demonstrated indeed that athletes who 
take more than 1 day to walk painless after injury will need 
more than 3 weeks to return to competition. At the same 
time, a reduction of ROM worse than 30° determines a pro-
longed layoff period after injury [ 24 ]. 

 Another important healing goal is to take account of all 
those modifi able risk factors which can induce injury recur-
rence. These are muscle weakness, fatigue and lack of fl exi-
bility, with a strength disparity between eccentric and 
concentric muscles. As a result, a good rehabilitation pro-
gram must address all these factors [ 8 ]. 

 Rehabilitation protocols vary according to the clinical 
case, depending on all the information about the event, such 
as the site, quality, and severity of the injury. 

 However, some authors have established a protocol valid 
for track and fi eld activities which is divided into four phases. 
The fi rst one is the  acute  phase, during which immobilization 
is required to normalize the gait. The second one is the  range 
of motion  phase, to regain a painless ROM, starting with con-
centric and progressing to eccentric training. The third,  func-
tional  one establishes limb loading and returning to running 
activities, agility drills, and plyometric training. The last stage 
is the  return-to-play  phase: it is achieved after a variable time, 
which depends on the severity of the injury as well as the 
athlete’s response to the whole protocol [ 10 ]. 

 In conclusion, to simplify the rehabilitation protocols, it 
can be said that the appropriate recovery time for patients 
who perform sport-specifi c training can be based on: (1) the 
ability to stretch the injured muscle as much as the healthy 
contralateral muscle and (2) the painless use of the injured 
muscle in simple movements [ 24 ].     

  Fig. 14.3    Distal biceps tendon detachment. Echographic image       
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15.1             Introduction 

 Shoulder pain is a common cause of consultation in primary 
care medicine. Plain radiography is often a fi rst choice 
 evaluation approach as it identifi es direct or indirect signs 
associated with certain pathologies. 

 Imaging of the patient with a shoulder trauma begins with 
a complete radiographic trauma series, consisting of the 
scapular anteroposterior, scapular lateral, and axillary views. 
The combination of these images provides important infor-
mation about possible fractures and position of the humeral 
head with respect to the glenoid. 

 CT scans are also helpful to the evaluation of bone struc-
ture and accurate quantifi cation of bone lesion with three- 
dimensional rendered images. 

 Dynamic shoulder ultrasonography is a low-cost, nonin-
vasive, excellent way of evaluating soft tissue injury and 
allows a diagnosis in most cases (rotator cuff injury, tendi-
nopathy of the long head of the biceps, bursitis, effusion, cal-
cifi cations). Convenience and lack of risk make dynamic 
ultrasonography an excellent imaging tool for evaluating 
shoulder injuries. 

 MRI plays a critical role in all orthopedic practices. 
Recent advances in anatomic and functional imaging high-
light the great potential of MRI for musculoskeletal evalua-
tion. MRI is indicated to evaluate rotator cuff tears, 
instabilities, and tumoral pathologies. MR arthrography, the 
intra-articular injection of dilute gadolinium before MR 
imaging, improves sensitivity in the detection of shoulder 
pathology [ 1 ]. Other imaging studies depending on the 
pathology suspected may be carried out.  

15.2     Impingement and Rotator Cuff Tears 

15.2.1     Subacromial Impingement 
Syndrome (SIS)  

 SIS is a painful compression of the supraspinatus tendon, the 
subacromial-subdeltoid bursa, and the long head of the 
biceps tendon between the humeral head and the anterior 
portion of the acromion occurring during abduction and for-
ward elevation of the internally rotated arm [ 2 ]. 

 It is a common cause of shoulder pain [ 3 ]. Possible etiolo-
gies of shoulder pain related to SIS include a spectrum rang-
ing from subacromial bursitis and rotator cuff tendinopathy 
to partial- and full-thickness rotator cuff tears. 

 The etiology of rotator cuff disease has long been debated, 
and the cause is likely multifactorial [ 4 ,  5 ]. Combinations of 
intrinsic and extrinsic factors play an important role in rota-
tor cuff injury development. Secondary causes of impinge-
ment include tuberosity fracture nonunion or malunion, a 
mobile os acromiale, calcifi c tendinitis, instability including 
superior labrum anterior posterior (SLAP), muscle imbal-
ance with increased forces centering the humeral head under 
the coracoacromial arch, and supraspinatus hypertrophy due 
to occupation or sports activities and iatrogenic factors. 

 Coracoid impingement is a potential cause of anterior 
shoulder pain, particularly with movements requiring for-
ward fl exion, internal rotation, and horizontal adduction of 
the humerus [ 6 ]. Subcoracoid pain can occur as a result of 
compression of the subscapularis tendon or biceps tendon 
between the bony structures of the lesser tuberosity and the 
coracoid process [ 7 ,  8 ]. 

 Accurate diagnosis and effective treatment require a 
thoughtful and thorough history and physical examination as 
well as appropriate imaging. 

15.2.1.1     Imaging of Impingement Syndrome: 
Imaging Modalities 

 Imaging techniques to evaluate impingement syndrome and 
rotator cuff pathologies include radiographs, ultrasound 
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(US), arthrography, computed tomography (CT), magnetic 
resonance imaging (MRI), and magnetic resonance arthrog-
raphy (MRA). Ultrasound is used frequently to get an over-
view of the rotator cuff pathology. Arthrography is only 
rarely used as a single method. When available, a combina-
tion of MRI following the distension of the joint capsule with 
fl uid is a widely used practice. 

   Radiography 
 Imaging of the shoulder should always start with radio-
graphs. Three projections are routinely obtained: A “true AP” 
view is needed with 30° rotation of the opposite shoulder 
away from the screen holder and 10–15° caudal angulation 
of the tube. This view provides a tangent projection of the 
glenoid. 

 The AP view provides information regarding the relation-
ship of the humeral head to the glenoid and to the inferior 
part of the acromion. The subacromial space, measured by 
the acromiohumeral interval (AHI), closely refl ects the 
thickness of the rotator cuff tendons. The normal AHI mea-
sures 9–10 mm with a range from 8 to 12 mm. An AHI of 
less than 7 mm indicates pathologic thinning of the supraspi-
natus tendon due to degeneration, or partial- or small full- 
thickness tear. 

 A lateral view of the acromion for evaluation of the acro-
mial shape is possible with an “outlet view,” a modifi ed 
transscapular lateral view at a 5–10° caudal angle of the cen-
tral beam to compensate for the down slope of the acromion 
from medial to lateral. The “outlet view” demonstrates the 
bone appositions at the undersurface of the acromion, the AP 
extension of those appositions, and the congruity of the rela-
tion of the coracoacromial arch and the humeral head. 

 The “Rockwood” view is an anteroposterior projection at 
a 30° caudal angle of the X-ray beam [ 9 ]. The anterior exten-
sion of bone appositions at the anterior acromion is best seen 
on this view. This projection outlines the down-bowing cur-
vature of the lateral clavicle and the acromioclavicular joint 
from an anterosuperior point of view. A tangent line is drawn 
caudally along the cortex of the clavicle from medial to lat-
eral. The normal acromion does not override the lateral 
extension of this line.  

   Ultrasound 
 Ultrasound (US) is a helpful imaging tool in the evaluation 
of the musculoskeletal system. The US scan is a valuable 
diagnostic technique for rotator cuff complete or incomplete 
ruptures [ 10 ]. It is widely used for the evaluation of the rota-
tor cuff but is largely evaluator dependent. US technique for 
shoulder examination depends on patient positioning, scan-
ning protocol for every tendon and anatomic part, and 
dynamic imaging. The examination is performed with the 
patient seated. Imaging begins with the patient’s arm 
adducted and in the neutral position and continues as the arm 

is internally rotated and placed behind the back. Transducers 
with a frequency range of 9–13 MHz are used, providing an 
in plane resolution of 200–400 μm and a section thickness of 
0.5–1.0 mm. 

 Major diagnostic criteria for rotator cuff tears are a well- 
defi ned discontinuity within the normal echogenic cuff sub-
stance, which is usually visible as a hypoechoic focus within 
the cuff, absence or nonvisualization of the cuff, indicating a 
large tear, and an echogenic focus within the cuff [ 11 ]. 

 Rotator cuff ultrasound was reported to be less reliable 
than MRI and to have a limited role in the evaluation of rota-
tor cuff pathologies [ 12 ].  

   Magnetic Resonance Imaging (MRI) 
 Typical sequences for routine shoulder imaging include 
axial, oblique coronal, and oblique sagittal fat-suppressed 
PD-weighted sequences, oblique coronal T2-weighted FSE 
sequences, and on sequences in which fat saturation can be 
suboptimal with low fi eld strength magnets, oblique coronal 
and oblique sagittal STIR sequences. Fluid-sensitive 
sequences are used to identify marrow abnormalities, to con-
fi rm and further defi ne tendon abnormalities visible on 
PD-weighted magnetic resonance images, and to visualize 
bursal distension and joint effusion. The fi brocartilaginous 
labrum is evaluated on PD-weighted sequences, and the cuff 
is best evaluated on PD- and T2-weighted STIR sequences. 
Muscle atrophy is assessed on PD-weighted magnetic reso-
nance images, whereas muscle edema is best seen on 
T2-weighted and STIR sequences.  

   MR Arthrography 
 MR arthrography enhances the accuracy of MRI in the eval-
uation of rotator cuff tendons [ 13 ]. It is the most sensitive 
and specifi c technique for diagnosing both full- and partial- 
thickness rotator cuff tears. Ultrasound and MRI are compa-
rable in both sensitivity and specifi city [ 14 ]. Conventional 
MRI of the shoulder is limited in depicting intra-articular 
structures when insuffi cient fl uid is present to outline their 
structure. Fat-suppressed sequences further improve the 
diagnostic performance of MR arthrography, especially in 
the differentiation of partial- from full-thickness cuff tears 
and in the detection of small partial tears of the inferior ten-
don surface [ 15 ]. 

 A routine protocol uses fat-suppressed T1-weighted 
images at a 3-mm slice thickness in all three planes (coronal 
oblique, sagittal oblique, and axial) postinjection, if gado-
linium is added to the injected fl uid. If only saline is injected, 
proton density–weighted images with fat suppression are 
acquired. Three-dimensional (3D) gradient echo acquisitions 
with T2 contrast and fat suppression have also proved to be 
very useful. 

 The abduction external rotation position (ABER) in 
which the patient’s arm is abducted and externally rotated is 
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reported to enhance the detectability of partial-thickness 
tears of the undersurface of the rotator cuff, especially in the 
infraspinatus tendon during MR arthrography [ 16 ]. The 
ABER position and external rotation alone have been shown 
to optimize the visualization of the biceps labral complex 
and glenohumeral ligaments [ 17 ]. The ABER position 
should be included in the imaging protocol in athletes suffer-
ing shoulder pain from throwing [ 18 ] (Fig.  15.1 ).  

 A study suggests that CT and MR arthrography have sim-
ilar diagnostic performance for the evaluation of rotator cuff 
tendon tears. There was no statistically signifi cant difference 
in sensitivity and specifi city between CT arthrography and 
MR arthrography in depiction of rotator cuff lesions [ 19 ].   

15.2.1.2     Imaging Findings in Impingement 
Syndrome and Rotator Cuff Tears 

 Radiographs should be obtained to evaluate possible bony 
abnormalities of the coracoacromial arch. Routine radio-
graphs include AP and Grashey views (AP radiograph of the 
shoulder in the plane of the scapula) as well as outlet and 
axillary views. The outlet view provides visualization of 
acromial morphology, and the axillary view best demon-
strates evidence of os acromiale, which may lead to second-
ary impingement. 

 Acromioclavicular joint osteoarthritis with inferior osteo-
phyte formation, acromial enthesophytes or sclerosis, and 
cystic changes of the humeral head are the more common 
radiographic fi ndings related to impingement. However, all 
of these fi ndings may be present in asymptomatic subjects, 
making the relationship of such fi ndings to the diagnosis of 
impingement controversial. 

 MRI provides a detail of potential sites of subacromial 
impingement through the supraspinatus outlet. Ossifi cation 
of the coracoacromial ligament (CAL) or the presence of a 
subacromial spur can be best identifi ed in the sagittal oblique 
plane; however, differentiation of a pathologic spur and the 
normal CAL can be diffi cult. MRI also may demonstrate 
fi ndings of subacromial-subdeltoid bursitis. Findings that 
indicate this condition include bursal thickness >3 mm, the 
presence of fl uid medial to the acromioclavicular joint, and 
the presence of fl uid in the anterior aspect of the bursa [ 20 ]. 

   Subacromial Bursitis-Bursal Effusion 
 Fluid distending the subacromial-subdeltoid bursa is a non-
specifi c fi nding, as it may be encountered in association with 
subacromial impingement, partial or complete rotator cuff 
tears, and calcifying tendinitis. 

 During impingement of the supraspinatus tendon, the 
 subacromial-subdeltoid bursa becomes compressed between 
the greater tuberosity of the humeral head and the anterior 
portion of the acromion. This chronic compression can result 
in an infl ammatory reaction of the bursal synovium and secre-
tion of fl uid into the bursa. Fluid is not detected in the normal 
bursa [ 21 ]. Fluid in the bursa is recognized on T2-weighted 
images as the increased signal intensity of the subacromial-
subdeltoid bursa indicates local bursal infl ammation [ 22 ].  

   Tendinosis 
 A normal supraspinatus tendon should exhibit low signal 
intensity on all pulse sequences. There is general agreement 
that a focal area of increased signal intensity on a T1-weighted 
image without increased signal intensity on a T2-weighted 
image and without thickening or thinning of the tendon is due 
to the magic angle artifact or is without clinical relevance. 

 A tendon with focal or diffuse increased signal intensity on 
proton density-weighted images without further increase of 
signal intensity on T2-weighted images and an indistinct mar-
gin at the articular side of the supraspinatus tendon corresponds 
to eosinophilic, fi brillar, and mucoid degeneration and scarring. 
Tendons with areas of increased signal intensity on T2-weighted 
images are associated with severe degeneration and disruption 
of the supraspinatus tendon [ 23 ] and have increased signal 
intensity also on STIR and T1-weighted images. No focal or 
linear area of water- equivalent signal intensity is seen. 

 Tendinosis in many cases is a result of impingement syn-
drome. Fluid collections can be present in the subacromial- 
subdeltoid bursa, fi ndings similar to that of infl ammation. This 
early stage of rotator cuff disease is frequently called tendinitis.  

   Partial-Thickness Tears 
 Partial-thickness tears of the rotator cuff can be articular- 
sided, bursal-sided, intratendinous, or a combination thereof. 
Partial-thickness tears are subdivided based on location and 
thickness of tear. 

  Fig. 15.1    MRI in ABER position showing partial articular rotator 
cuff tear       
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 Throwing athletes may show a predilection for articular 
surface tears [ 24 ]. Most tears affect the supraspinatus  tendon. 
The infraspinatus, subscapularis, and teres minor tendons are 
much less commonly involved [ 25 ,  26 ]. 

 Isolated intratendinous tearing of the supraspinatus ten-
don is rare, and most cases are associated with bursal or joint 
side cuff tears [ 10 ]. If fl uid is present, water-equivalent sig-
nal intensity is seen in the area of the defect (Fig.  15.2 ). 
Partial-thickness tears are usually circumscribed and rarely 
exceed 10 mm, measured in the AP or sagittal direction. 
They can be missed by MRI and arthrography [ 27 ].  

 Consistent differentiation of tendinosis, partial-thickness 
tears, and full-thickness tears of the rotator cuff tendons is 
more diffi cult on non-enhanced MR images when no fl uid is 
present in the joint cavity or in the bursa [ 28 ]. 

 Partial-thickness tears or a horizontal splitting of the ten-
don beginning from the joint surface or the bursal surface is 
only detectable if there is fl uid signal present in the defect or 
between the tendon layers. Frequently this fl uid is absent, 
and sensitivity for partial-thickness tears of non-enhanced 
MR imaging of the shoulder is low. 

 Unfortunately partial-thickness tears originating from 
the bursal surface of the tendon are still missed, as long as 
there is no communication of the joint cavity with the 
bursa. MR arthrography can solve the problem of partial-
thickness tears originating from the joint surface of the 
tendon.  

   Rotator Cuff Tears 
 Small full-thickness tears will enlarge over time. When the 
tear is only a few millimeters, the humeral head remains in 
place and keeps its relationship to the glenoid. In tears greater 
than 10 mm in diameter, the humeral head is slowly moved 
upward by those shoulder muscles, centering the humeral 
head underneath the coracoacromial arch. 

 In cases of massive tears, which exceed 20 mm in  diameter, 
the infraspinatus tendon in addition to the supraspinatus ten-
don and, in rare cases, the subscapularis tendon become torn 
and insuffi cient. The humeral head migrates upward and 
fi nally articulates with the undersurface of the acromion. 

 Goutallier et al. [ 29 ] introduced the concept of fatty 
degeneration of the rotator cuff in 1989. They devised a stag-
ing system and noted that degeneration of the rotator cuff 
muscles was associated with rotator cuff tears. 

 In the initial iteration of the Goutallier staging system, 
axial CT was used to evaluate the supraspinatus, subscapu-
laris, and infraspinatus muscles [ 30 ,  31 ]. The supraspinatus 
was evaluated on the axial image with the most muscle sur-
face area (approximately 5 mm above the humeral head). 
The subscapularis and infraspinatus were evaluated superi-
orly at the level of the tip of the coracoid and inferiorly at the 
level of the lower glenohumeral joint. The muscles were then 
assigned a stage: Stage 0 is normal muscle. Stage 1 some 

fatty streaks. Stage 2 is less than 50 % fatty muscle atrophy. 
Stage 3 is 50 % fatty muscle atrophy. Stage 4 the fatty mus-
cle atrophy is greater than 50 % (Fig.  15.3 ).  

 Ultrasonography can be used as the primary diagnostic 
imaging modality for fatty changes in rotator cuff muscles. 

 Rotator cuff atrophy has generally been evaluated using 
either an occupation ratio, as described by Thomazeau et al. 
[ 32 ], or the tangent sign introduced by Zanetti et al. [ 33 ]. The 
occupation ratio was defi ned as the surface area supraspina-
tus muscle/surface area supraspinatus fossa [ 28 ]. The tan-
gent sign is negative if the supraspinatus crosses a line 

  Fig. 15.2    Partial intra-articular rotator cuff tear. An MRI image       

  Fig. 15.3    Goutallier stage 4       
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between the superior aspect of the coracoid and the superior 
border of the scapular spine. MRI evaluation is performed 
using the most lateral image where the scapular spine is in 
contact with the body of the scapula [ 34 ].  

   Subscapularis Tears and Biceps Tendon Lesions 
 Lafosse et al. [ 35 ] proposed a subscapularis tear classifi ca-
tion system based on CT fi ndings and intraoperative assess-
ment. Four types of subscapularis tendon lesions are 
described: Type I involves partial lesion of superior one-third 
of the subscapularis tendon. Type II involves complete lesion 
of superior one-third of the tendon. Type III tears represent 
complete lesion of superior two-thirds of the tendon rupture. 
Type IV are those with complete lesion of the tendon but 
head centered and fatty degeneration classifi ed as less than 
or equal to Goutallier stage III. 

 Only 2 % of rotator cuff tears predominantly or exclu-
sively involve the subscapularis tendon [ 36 ]. 

 Imaging studies are also useful for evaluating subscapularis 
tears and concomitant shoulder pathology. Typically, routine 
radiographic evaluation is normal in the setting of a subscapu-
laris tear. However, AP, outlet, and axillary lateral radiographs 
should be carefully assessed for anterior humeral head sublux-
ation, proximal humeral head migration, and/or the presence 
of glenohumeral degenerative changes, all of which could 
indicate more chronic rotator cuff tear pathology. 

 Ultrasonography offers the ability for dynamic, noninva-
sive, real-time, and even bilateral comparison of the rotator 
cuff tendons. It is also less expensive than MRI. Ultrasound 
sensitivity increases with the size of the rotator cuff tear, 
reaching 100 % for massive full-thickness tears that involve 
the subscapularis. 

 CT arthrography, magnetic resonance arthrography, and 
routine MRI are commonly used to evaluate the subscapu-
laris. On CT arthrography, extravasation of intra-articular 
contrast onto the lesser tuberosity is seen in the setting of an 
isolated subscapularis tear [ 37 ]. Also, it will show communi-
cation with air reaching from the glenohumeral joint to the 
bicipital groove. A medial dislocation of the biceps tendon is 
indicative of a complete rupture of the subscapularis tendon. 
Along with the coracohumeral and transverse humeral liga-
ments, which are parts of the rotator cuff interval, the sub-
scapularis tendon is a major stabilizer of the long biceps 
tendon. Degeneration or disruption of the subscapularis ten-
don has been reported to be a common predisposing factor to 
medial dislocation of the biceps tendon [ 38 ,  39 ]. 

 On MRI, in the presence of a tear of the subscapularis 
tendon, the contours of the tendon are poorly defi ned and of 
abnormally high signal intensity on T2-weighted images. 
Discontinuity and frank retraction is seen in 78 % of patients. 
Subscapularis tears are well detected in the sagittal oblique 
plane with the deltoid muscle seen in direct apposition to the 
anterior humerus and the lesser tuberosity [ 29 ]. 

 Subscapularis tears are often missed on MRI. Complete 
and appropriate image sequencing, including T2-weighted 
axial images, parasagittal images, and the use of magnetic 
resonance arthrography, allows for improved detection of 
subscapularis tears [ 40 – 43 ]. 

 Incomplete tears of the subscapularis tendon occur in 
conjunction with small- or medium-sized tears of the supra-
spinatus tendon. This combination is common in older 
patients, and most subscapularis lesions are incomplete tears 
on the articular side [ 44 ].     

15.3     Instability 

 The glenohumeral joint is the most frequently dislocated 
major joint, and most cases involve an anterior dislocation. 
Glenohumeral instability is common in young athletes [ 45 ]. 
Athletes competing in contact sports are at especially high 
risk of recurrent instability [ 46 ,  47 ]. Almost half of all ante-
rior shoulder dislocations occur in persons aged 15–29 years, 
and the incidence is nearly three times higher in males than 
in females [ 48 ]. This diagnosis encompasses a large spec-
trum of injury, from microinstability to glenohumeral dislo-
cation. The imaging evaluation of an athlete with 
glenohumeral instability includes diverse modalities: radiog-
raphy, CT, and MRI. Many missed dislocations result to an 
incomplete radiographic evaluation [ 25 ,  49 ,  50 ]. 

15.3.1     Shoulder Imaging Techniques 

15.3.1.1     Radiography 
 X-ray evaluation is always recommended. Standard imaging 
of the shoulder should include a scapular AP view with the 
humerus in internal and external rotation as well as an axil-
lary view of the shoulder. The contour of the anteroinferior 
glenoid should be readily visible on both the AP and the axil-
lary views; a blurry or poorly defi ned contour suggests bone 
loss, especially in the setting of recurrent instability. 
Radiographs will also identify an associated Hill-Sachs 
lesion of the humeral head as well as greater tuberosity frac-
ture or other associated fractures. Additional views that are 
particularly useful in assessing the unstable shoulder include 
the West Point axillary view, the Stryker notch view, and the 
Bernageau view. When X-rays are negative, more precise 
exploratory methods such as CT arthrography, MRI, or MR 
arthrography are usually indicated.  

15.3.1.2    CT and CT Arthrography 
 Axial CT scans are helpful in determining the extent of gle-
noid bone loss and humeral head impaction. Accurate quan-
tifi cation of bone loss is often diffi cult to achieve. However, 
its effi ciency seems to be improved by such technical 
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 refi nements as helical acquisition, which enables high- 
quality multiplanar and three-dimensional (3D) reconstruc-
tions. Three-dimensional rendered images are preferred for 
defi ning the orientation and degree of glenoid bone loss and 
the extent of a Hill-Sachs lesion [ 26 ,  51 ,  52 ].  

15.3.1.3    MRI and MR Arthrography 
 The value of MRI in shoulder disorders is continuously 
changing frequently due to the constant improvements of 
equipment and pulse sequences. MRI is very sensitive for 
confi rming the clinical suspicion of a labral tear. MRI also 
identifi es associated injuries to the rotator cuff and 
cartilage. 

 The image of the different anatomical structures of the 
shoulder varies according to the different pulse sequences 
used. The best results are usually obtained with the fast spin- 
echo moderately T2-weighted sequence associated with a fat 
suppression signal (Fat Sat). The echo train length must not 
be set too high in order to limit blurring artifacts. 

 Intra-articular gadolinium injection is used because of its 
usefulness in defi ning the extent of labral tears. This tech-
nique improves the analysis of the labrum, ligaments, and 
capsular structures as it increases intra-articular contrast and 
distends the capsule. 

 Two different techniques have been adopted [ 53 ]. Firstly, 
T1-weighted sequences are obtained after intra-articular 
gadolinium injection, diluted either with physiological serum 
or iodinated contrast media. This technique is widely used 
due to its excellent ability to detect articular abnormalities. 
In the second procedure, iodinated contrast media (or physi-
ological serum) is injected solely and fast spin-echo 
T2-weighted sequences are obtained. The last method offers 
substantial advantages as it combines two widely used meth-
ods (arthrography and MRI) and does not require any com-
plex manipulation of contrast media. It does not involve 
intra-articular gadolinium injection. Moreover, examinations 
are of high quality, and images are rapidly available. Finally, 
T2-weighted sequences used in this technique constitute the 
basis of shoulder exploration [ 54 ]. 

 To put stress on the anteroinferior labrocapsular struc-
tures and therefore to obtain a higher defi nition of their 
lesions, acquisition with abduction and external rotation of 
the arm (ABER) or in the apprehension test position can be 
performed [ 54 ,  55 ]. ABER positioning is also recommended 
for exploring the painful athlete’s shoulder [ 18 ].   

15.3.2     Imaging Findings in Instability 

15.3.2.1    Anterior Instability 
 Unidirectional anterior shoulder instability usually begins 
with a discrete traumatic event. Imaging is fundamental in 
exploring instabilities. 

 In anterior instability, a standard X-ray evaluation is 
 usually suffi cient. The three anteroposterior views of the 
 glenohumeral joint (external, neutral, and internal rotation), 
apical oblique view, and the Bernageau view (glenoid pro-
fi le) are standard procedures. 

 In order to identify bony lesions, CT scan may eventually 
be used. CT arthrography or MRI gives more specifi c details 
as to the severity of the lesions, particularly soft tissue 
alterations. 

 In subtle forms of instability, diagnosis or instability 
direction is not clearly assessed clinically, and standard 
X-ray evaluation is usually normal. In this case, further 
imaging with CT arthrography, MRI, or MR arthrography 
are recommended to confi rm the diagnosis of instability and 
to evaluate its direction. The technique of choice is undoubt-
edly MR arthrography; however, the imaging technique used 
depends mostly on several factors, principally quality, per-
formance, and access to the machines.  

15.3.2.2    Bony Lesions: Humeral Head Defect 
 Bony lesions associated with anterior instability are mainly 
represented by the Hill-Sachs lesion. Depending upon the 
direction of the displacement, the impaction may be observed 
higher or lower on the humeral head. 

 Reverse Hill-Sachs lesions are associated with posterior 
shoulder dislocation. 

 Humeral head defect is usually outlined by the anteropos-
terior (AP) view of the shoulder with the arm in internal rota-
tion or by the apical oblique view [ 56 ]. Other less applied 
methods have been described such as the “Stryker notch view.” 

 CT scan or CT arthrographies are more effi cient than the 
abovementioned methods to diagnose these abnormalities, as 
they are more effi cient in detecting small bony defects. 
Finally, MRI is a valuable method to detect humeral head 
fractures, especially if performed shortly after the accident. 
These cases show bone marrow edema as well as the bony 
compression fracture at the posterolateral aspect of the 
humeral head. However, when bone marrow edema is no 
longer visible, small defects are less detectable with MRI 
than with CT scan.  

15.3.2.3    Anteroinferior Lesions of the Glenoid 
Rim 

 The most common lesion is an anteroinferior capsulolabral 
avulsion from the glenoid rim [ 57 ,  58 ], typically with 
 associated capsular attenuation. In addition, acute fracture 
and/or attritional glenoid bone loss may contribute to recur-
rent instability by altering the glenohumeral contact area and 
the function of the static glenohumeral restraints [ 59 ,  60 ]. 

 In general, plain radiographs are moderately accurate at 
demonstrating glenoid bone loss [ 61 ]. A bony shadow or 
 displaced bony Bankart fragment may be visualized on a 
 standard AP view or in other projections parallel to the 
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 glenoid face, such as the axillary or glenoid profi le view 
[ 62 ]. The highest yield projections, however, are angled rela-
tive to the glenoid face, such as the apical oblique [ 18 ]. The 
Stryker notch view and AP view with the humerus in internal 
rotation should also be obtained, given their utility in visual-
izing potential Hill-Sachs lesions on the humeral side [ 63 ]. 

 Beyond standard radiography, MRI or magnetic reso-
nance arthrography (MRA) studies may suggest the degree 
of bone loss in the most lateral glenoid cut on the sagittal 
oblique series. However, the current standard imaging 
modality for quantifying glenoid bone loss is CT. 

 Standard CT scans can be used to estimate bone loss and 
detect rim fracture fragments; Three-dimensionally recon-
structed scans is the most reliable modality for predicting 
glenoid bone loss [ 64 ]. CT scan can also be performed with 
digital subtraction of the humeral head. By use of this modal-
ity, glenoid osseous defi ciency is quantifi ed as a percentage 
of the normal inferior glenoid surface area [ 65 ]. A best-fi t 
circle is drawn on the inferior two-thirds of the glenoid 
image, which has been shown to be a consistent anatomic 
confi guration [ 66 ]. The amount of bone missing from the 
circle, as a percentage of the total surface area of the inferior 
circle, is then determined with digital measurements.  

15.3.2.4    Capsulolabral Detachments 
 The ALPSA (anterior labroligamentous periosteal sleeve 
avulsion) lesion is an avulsion of the anteroinferior glenoid 
labrum with an intact scapular periosteum. The ALPSA lesion 
differs from the Bankart lesion in that the ALPSA lesion has 
an intact anterior scapular periosteum allowing the labroliga-
mentous structures to displace medially and rotate inferiorly 
on the scapular neck. In the Bankart lesion, the anterior scapu-
lar periosteum rupture results in displacement of the labrum 
and attached ligaments anterior to the glenoid rim. 

 CT arthrography, MRI, or MR arthrography can show differ-
ent pathological patterns whose relationship with arthroscopic 
data can be diffi cult to establish. A fi brous scar may mimic an 
intact labrum on CT arthrography, and a wear and tear of the 
anteroinferior glenoid rim can be observed with a pseudo-intact 
labrum. In this case, MRI with intravenous gadolinium injection 
can show a tissue enhancement at the base of the pseudolabrum 
indicating the presence of fi brous tissues. 

 An irregular or severed anteroinferior recess is due to a 
fi brous scar and is usually well defi ned when the joint is 
fi lled with contrast media. Therefore, it can be demonstrated 
with CT arthrography or MR arthrography but is barely vis-
ible with MRI. A slight periosteal reaction is due to an exten-
sion of the tearing of the capsule at its insertion together with 
a periosteal tearing. This process is better observed with CT 
or CT arthrography. 

 The value of the different imaging methods in the diagnosis 
of labral tears remains controversial. The data obtained from 
different studies supports the use of indirect MRA as standard 

practice in patients with shoulder instability due to suspected 
labral pathology where further investigative imaging is indi-
cated [ 67 – 69 ]. 

 It is diffi cult to assess whether standard MRI is more effi -
cient than CT arthrography, when their sensitivity and speci-
fi city vary, respectively, from 73 to 93 % and from 73 to 
80 % [ 70 ]. Taking into account these large variations in accu-
racy, many authors advocate the use of MR arthrography as 
the most reliable method with a 95 % accuracy to evaluate 
labrocapsular structures and to detect labral tears [ 71 ]. 

 Traumatic shoulder dislocation or subluxation may result 
in avulsion of the IGHL from its humeral attachment (HAGL 
lesion). Although both traumatic lesions occur with the arm 
in hyperabduction, HAGL lesions are more likely to occur 
with hyperabduction and external rotation [ 72 ]. HAGL 
lesions result in incompetence of the IGHL complex, which 
leads to glenohumeral instability, particularly in abduction 
and external rotation. 

 True AP radiographs with the shoulder in neutral and 
internal rotation are obtained along with scapular Y and axil-
lary views. These images are used to evaluate for concentric 
glenohumeral alignment, impaction fracture of the humeral 
head (Hill-Sachs lesion), glenoid rim fracture, and glenoid 
hypoplasia. Scalloping of the medial aspect of the humeral 
neck on the AP view may be associated with an HAGL lesion 
[ 73 ]. The Garth view of the glenohumeral joint can be used 
to visualize the bony fragment [ 74 ]. 

 MRI is the imaging modality of choice for the assessment 
of a suspected HAGL lesion (Fig.  15.4 ). The IGHL complex is 

  Fig. 15.4    HAGL lesion in MRI arthrography       
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best evaluated on coronal oblique or sagittal oblique 
T2-weighted fat-suppressed magnetic resonance images [ 65 ]. 
Normal IGHL anatomy appears as a U-shaped structure due to 
fl uid distension of the axillary pouch. The presence of an 
HAGL lesion can cause the normally U-shaped axillary pouch 
to appear J-shaped as a result of extravasation of contrast or 
joint fl uid across the torn capsule and ligament [ 65 ,  75 ]. 
Detection of an HAGL lesion is facilitated by the presence of 
glenohumeral joint effusion or by injection of intra- articular 
contrast dye. Chronic HAGL lesions may be diffi cult to visu-
alize on magnetic resonance images because the torn edge on 
the humeral side may scar down to the capsule. No study has 
determined the accuracy of standard MRI or magnetic reso-
nance arthrography in detecting the  presence of HAGL lesion.   

15.3.2.5    Posterior Instabilities 
   Radiographs 
 Plain radiographs of the shoulder should include true antero-
posterior views in neutral, internal, and external rotation, a 
transscapular view or Y view, and an axillary view. These 
views are needed to ensure that the joint is correctly located 
to evaluate the posterior glenoid rim and to look for impac-
tion fractures of the humeral head. Diagnosis can be sug-
gested on the AP view of the glenohumeral joint when the 
humeral head seems to be fi xed in internal rotation with a 
pseudo-widening of the articular space. On the contrary, pos-
terior dislocation is suggested when the articular space can-
not be visualized without bony overlapping. 

 In addition to humeral head position, these studies 
 demonstrate glenoid rim morphology (hypoplasia, excessive 
retroversion, and/or fracture of the posterior glenoid rim). 
However, most individuals with recurrent posterior  instability 
do not have bony abnormalities. For those with a volitional 
component, dynamic radiographs can confi rm the 
diagnosis.  

   Multiplanar Imaging 
 Computed tomography (CT) or magnetic resonance imaging 
(MRI) is essential to assess the version and morphology of 
the glenoid. These tests also help detect subtle anterior 
humeral head defects and glenoid fractures. Contrast can 
enhance the ability to evaluate the posterior labrum and cap-
sule, particularly with injuries such as capsulolabral disrup-
tions or lateral capsular injuries [ 76 ]. Contrast also enhances 
assessment of the superior labrum. 

 Although the gadolinium-enhanced magnetic resonance 
arthrogram provides excellent soft tissue detail, we think that 
a CT scan with intra-articular contrast provides the best 
information with regard to bony anatomy and articular orien-
tation. CT is superior in its ability to determine the glenoid 
morphology as well as the degree of glenoid retroversion. 
Glenoid retroversion is best measured on axial CT scan 
images through the midglenoid.   

15.3.2.6    Superior Labral Lesions 
 Injuries to the superior labrum and biceps tendon origin were 
further characterized and classifi ed by Snyder et al. in 1990 
[ 77 ] and remains the most widely recognized [ 78 ]. He 
described four major variants [ 79 ]. 

   Imaging 
 Radiographic evaluation includes standard views of the 
shoulder (AP, scapular AP, axillary, outlet). These views are 
helpful primarily in identifying other potential sources of 
shoulder pain. 

 MRI is the preferred imaging technique for patients with 
suspected SLAP tears. Multiplanar images are obtained in 
the coronal, parasagittal, and axial planes. Spinoglenoid 
cysts are readily apparent on MRI scans. Distinguishing 
SLAP tears from normal anatomy is diffi cult because of the 
variable anatomy of the anterosuperior labrum and the 
medial insertion of the superior labrum. The accuracy of 
MRI may be improved with the shoulder positioned in 
abduction and external rotation. Findings suggestive of a 
type II SLAP tear include high signal intensity and intra- 
articular contrast extension under the superior labrum/biceps 
root on coronal images. Other type II-specifi c fi ndings 
include laterally curved high signal intensity in the superior 
labrum, concomitant anterosuperior labral tear, and antero-
posterior extension of high signal intensity at the superior 
labrum/biceps root on axial images [ 80 ,  81 ]. A study sug-
gests that SLAP tears are often incorrectly diagnosed based 
on MRI evaluation, with MRI providing a high level of sen-
sitivity and low level of specifi city. On the basis of the results 
of this study, conventional MRI is not a suitable test to accu-
rately evaluate the biceps labral complex for the presence of 
a SLAP tear [ 82 ]. 

 Despite advances in MRI techniques, the accuracy of 
detecting SLAP tears remains variable.        
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16.1             Aetiology 

 Anterior shoulder dislocation is a very common injury 
among the general population but especially among athletes 
[ 1 – 3 ]. It has a reported recurrence rate of 20–50 % in the 
general population [ 1 ,  3 ,  4 ], which rises to 47–100 % among 
younger patients. The recurrence rate is reported to be even 
higher, reaching 80–94 % among young athletes [ 1 ,  2 ,  4 – 8 ]. 
Previous studies [ 4 ,  8 ] have identifi ed an association between 
the type of sports engaged in, the number of participants and 
the rate of recurrence after a fi rst-time dislocation in young 
athletes. They found that not all sports correlated with recur-
rence of dislocation and that athletes taking part in contact 
sports had greater rates of instability and surgical treatment 
than those involved in noncontact sports [ 4 ]. Among young 
athletes engaged in overhead or contact sports, 75 % experi-
ence recurrent dislocation if they are permitted an early 
return to play after a fi rst-time dislocation, since the liga-
ments are not given the time to heal properly. 

 The fi rst parameter to be considered is the natural history 
of shoulder dislocations in young athletes, which has been 
well studied and shows that recurrences of dislocation and 
instability follow nonsurgical treatment in 50–100 % of 
cases [ 3 ,  4 ,  6 – 10 ]. The priority of physicians is to be familiar 
with the fundamentals of instability, including conservative 
treatments of acute dislocations, and be aware that the results 

achieved with early arthroscopic stabilisation have dramati-
cally changed the natural history of this major  problem [ 3 ,  4 , 
 7 ,  8 ,  10 ,  11 ]. The fate of a dislocation following a fi rst epi-
sode is closely related to the patient’s age – the second 
parameter. Recurrence rates are 100 % among children under 
the age of 13 years and decrease in old age, and with high 
percentage values from 79 % to 94 % being recorded at the 
time of peak sports performance, that is, between the ages of 
16 and 30 years [ 2 ,  6 ,  7 ]. Several recent papers [ 3 ,  7 ,  8 ,  10 , 
 11 ] report recurrence rates of 60–75 % for athletes treated 
conservatively and 11–20 % for those treated surgically. 
Surgical treatment apparently also prevents further second-
ary damage to the joint structures. The third parameter to be 
considered is the type of sport: sports are traditionally 
divided into the two broad categories of contact-collision 
sports (soccer, rugby, American football,  basketball , wres-
tling, boxing, fencing,  water polo ,  handball , Graeco-Roman 
wrestling, judo and martial arts in general, skiing, cycling, 
motorcycling) and noncontact sports ( volleyball ,  tennis , 
 swimming ,  throwing sports ,  pitching in baseball and soft-
ball , golf, body building, bowling). However, the underlined 
sports in the above list are also overhead sports, which 
increase decision- making problems [ 12 ]. In these sports in 
fact typical lesions may precede the dislocation episode, 
such as SLAP lesions and long-head-of-the-biceps lesions, 
rotator cuff lesions, capsular ligamentous lesions, chondral 
lesions and lesions of the rotator interval. In over-head sports, 
we need to consider that a complete (or as complete as pos-
sible) range of motion is the priority in order to ensure a high 
level of activity, whereas in contact-collision sports it is more 
important to have a solid joint stability. The fourth parameter 
is the type of lesion. It should be remembered that a fi rst-
time anterior shoulder dislocation is a multifactorial condi-
tion [ 13 ] and that no single injury is responsible for the 
instability, but there may be several simultaneous lesions 
affecting different soft tissues as well as both humeral and 
glenoid bony lesions. After a fi rst-time dislocation, the fol-
lowing lesions may be present – singly or in combination 
depending on the kinetics and energy of the trauma – a 
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typical Bankart lesion (Fig.  16.1 ), labral tears extending also 
posteriorly, Kim’s lesions, more or less extensive rotator cuff 
lesions with possible subscapularis detachment, SLAP 
lesions with both anterior and posterior extension, rotator 
interval lesions, capsular lesions with glenohumeral liga-
ment injuries such as humeral avulsion of the anterior gleno-
humeral ligament (HAGL) or lesions of the humeral insertion 
of the posterior inferior humeral ligaments (reversed HAGL 
or RHAGL), and sometimes nerve injuries which may be 
partial or complete injuries of the brachial plexus but more 
commonly involving only the axillary nerve. However, the 
most important and most widely debated issue in decisions 
regarding the timing and type of surgical procedure concerns 
isolated or combined bony defects of the glenoid bone (typi-
cal bony Bankart lesion) and of the humeral bone (typical 
Hill-Sachs lesion) of any size; in addition, especially as 
regards humeral lesions, the site is extremely important 
since, depending on location, these lesions are capable of 
completely altering the glenoid track [ 14 ]. Finally, the last 
parameter is that of the timing of dislocation in relation to the 
competitive season. We can hypothesise three scenarios [ 15 ]: 
(1) attempt to complete the season with or without a brace 
and defer surgery until they have a recurrence of instability, 
(2) attempt to complete the season with or without a brace 
and defer surgery until the off season and (3) immediate sur-
gery and forfeit the current season. Each scenario has its own 
obvious advantages and disadvantages. Even in this case the 
athlete’s age, type of sport, importance of the sporting event, 
beginning, middle and end of the season may affect the deci-
sion, including clearly the possibility of returning to play 
without undergoing a surgical procedure [ 3 ,  4 ,  7 ,  8 ,  15 ], 
since every athlete with a shoulder dislocation, despite a high 
risk, will not have a recurrence. Any choice should be care-

fully considered and discussed fi rst with the athlete and his 
or her family, if a minor, and then with the coaches, rehabili-
tators and trainers so as to ensure, once the decision has been 
made, that the timeframe and methods for functional recov-
ery are respected.   

16.2     Diagnosis 

 The mechanism underlying anterior, or better antero-inferior, 
shoulder dislocation is a traumatic injury with or without 
contact during abduction and external rotation. The diagno-
sis of anterior dislocation is established on the basis of a 
physical examination which shows a change in the anatomi-
cal profi le of the shoulder, more evident in less muscular, 
leaner athletes, with loss of subdeltoid contour and often the 
humeral head in the antero-inferior portion of the axilla. The 
patient reports anterolateral shoulder pain, described as 
internal, which normally subsides when the dislocation is 
reduced. During this phase the physician needs to carefully 
assess the possible presence of associated nerve lesions. 
Confi rmation is provided by a radiographic series (true AP 
and true lateral and axillary views) to assess both the pres-
ence of the dislocation and possible associated humeral or 
glenoid bony lesions. A thorough history is also crucial, dur-
ing which the patient should be asked whether he/she had 
previous episodes of partial dislocation or sensation of insta-
bility or whether he/she remembers the manner in which the 
trauma causing the dislocation occurred. 

 The dislocation should be reduced as soon as possible and 
possibly at the fi rst attempt so as to avoid adding further tis-
sue injuries due to failed attempts at reduction. For this reason 
and because athletes often have a particularly well-developed 
musculature, it is best to perform the reduction following 
anaesthesia or deep sedation and possibly under imaging 
guidance. Once the dislocation has been reduced, the result-
ing shoulder stability should be tested with gentle movements 
and clearly without forcing with specifi c tests against resis-
tance; the patient should be assessed contralaterally and from 
a general point of view in order to identify any congenital 
laxity that might complicate the decision- making process. 
A post-reduction radiogram is obtained, followed by other 
imaging investigations that will help decide on the most 
appropriate treatment strategies. These will include an unen-
hanced magnetic resonance (MR) examination to assess the 
soft tissues, supplemented by contrast- enhanced scans in the 
event of doubts in the interpretation of capsular ligamentous 
structures, and a computed tomography (CT) study with 3D 
reconstructions to assess bony defects of the glenoid and 
humeral head in terms of both size and position. At this point 
the physician has all the information necessary to decide on 
which treatment to perform – whether conservative or surgi-
cal and, if surgical, the best procedure. We should always 

  Fig. 16.1    Arthroscopic image of the labral capsular ligamentous com-
plex after a fi rst traumatic episode of antero-inferior shoulder disloca-
tion in a basketball player       
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remember the  characteristics of the natural history of  shoulder 
dislocations, which include a high rate of recurrences, pro-
gressive damage to the stabilising structures and the fact that 
early arthroscopic treatment is benefi cial to young athletes 
under the age of 25 whether involved in noncontact or con-
tact-collision sports [ 7 ,  8 ,  10 ,  11 ,  16 ]. We can in fact identify 
and treat all lesions, understand the quality of the tissue and 
its healing capacity, using a noninvasive method associated 
with a low complication rate.  

16.3     Treatment 

 Our treatment algorithm for a fi rst-time anterior shoulder 
dislocation in an athlete is to perform an arthroscopic stabili-
sation procedure as soon as possible, within a week at the 
most. When necessary, we prefer to use small-diameter bio-
absorbable anchors and high-resistance threads in order to 
avoid problems related to metal and its possible mobilisa-
tion. Recently we have started to use soft anchors with great 
satisfaction, as these have the advantages described above 
with the added benefi t of an excellent pull-out strength and 
major sparing of bone tissue. Arthroscopy enables the com-
plete study of both the articular space and the subacromial 
and subcoracoid spaces [ 17 ] and thus allows us to treat any 
associated lesions in the same session. Early repair allows us 
to exploit the natural biological tendency to heal without 
interfering with the surgical procedure. Problems may arise 
due to bony lesions and especially simultaneous humeral and 
glenoid lesions and anterior HAGL lesions. In the case of 
bony Bankart lesions [ 18 ], treatment is arthroscopic, with a 
possibility for open stabilisation in the event of extensive 
glenoid fractures. Depending on position, Hill-Sachs lesions 
are sometimes treated with an arthroscopic remplissage pro-
cedure [ 19 ]. When the two bony lesions are combined, with 
evident loss of the glenoid track, the choice is between an 
open or arthroscopic Latarjet procedure in the case of 
contact- collision sports; however, we are always doubtful in 
athletes younger than 20 years of age engaged in noncontact, 
non-collision sports or overhead sports since the Latarjet 
procedure completely disrupts shoulder anatomy, and it is a 
replacement rather than a repair procedure [ 20 ,  21 ]. Some 
authors [ 22 ] have suggested adopting a preoperative score to 
assess the severity of the instability and help choose the most 
appropriate procedure. However, in our opinion, this score is 
too unbalanced, and young athletes easily attain scores indi-
cating a need for the more aggressive Latarjet stabilisation 
procedure. Moreover, we agree with other authors [ 16 ] that 
this score is only a part of a puzzle that requires validation by 
prospective studies. HAGL lesions are treated arthroscopi-
cally or with open surgery depending on whether they are 
associated with major subscapularis lesions. Following the 
surgical procedure, the patient is placed in an ultrasling 

shoulder brace in neutral position for 4 weeks; several times 
a day, gentle wrist, elbow and shoulder mobilisation move-
ments of the pendulum type are prescribed – but not external 
rotations and abductions. 

 The conservative approach is reserved for lower- level ath-
letes over the age of 30 engaged in noncontact- collision 
sports and no overhead sports and who do not have bony 
lesions, HAGL lesions or rotator cuff lesions. Even in this 
case postoperative care consists of immobilisation with an 
ultrasling shoulder brace in neutral position for 4 weeks. 

 As stated above, we clearly take into account the level of 
the athlete and the timing of the dislocation in relation to the 
competitive season. A temporary conservative treatment 
allowing the athlete to complete the season consists of the 
ultrasling shoulder brace for 2/3 weeks followed by func-
tional recovery on land and in water to restore range of 
motion; only after this has been restored can the athlete start 
exercises to strengthen the muscles and restore specifi c ath-
letic movement. Very important are early exercises for the 
scapulothoracic joint aiming at mobilisation and progressive 
strengthening of its stabilisers. Return to play in these cases 
is estimated at around 6/8 weeks, but may take longer in the 
case of overhead athletes. 

 In the event of arthroscopic surgical stabilisation, func-
tional recovery after removal of the shoulder brace takes 
place in a similar fashion, with recovery of fi rst passive and 
then active motion – always within the pain threshold – 
strengthening exercises after 2/3 months, sports-specifi c 
exercises after 3/4 months and fi nally return to play after 
5/6 months. In the event of a Latarjet stabilisation procedure, 
after 4 weeks of ultrasling shoulder brace in neutral position 
and follow-up radiography, functional recovery takes place 
using the same methods but with a shorter timeframe, and 
the athlete can return to play ca. 3/4 months after radiogra-
phy or 3D computed tomography has confi rmed that the 
graft has consolided. Unfortunately, however, in many cases 
due to the needs of the athlete or his or her family and pres-
sure from the coaches and media, return to play is permitted 
before complete healing of the tissues, and this exposes the 
athlete to recurrences and the surgeon and rehabilitators to 
having to justify a treatment failure.  

    Conclusions 

 Young athletes are at high risk of recurrence after a fi rst-
time anterior shoulder dislocation, and immobilisation and 
strengthening exercises are unable to infl uence the recur-
rence rate. The disorder is multifactorial, and no single 
lesion is responsible for the instability but a summation of 
pathoanatomical lesions in part dependent on the type of 
trauma sustained and the type of sports played. We should 
not forget that also predisposing conditions exist such as 
congenital laxity which further complicate the clinical pic-
ture and treatment decisions. A high  recurrence rate among 
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athletes has also been correlated to bony defects and espe-
cially to combined bony defects that alter the glenoid track 
[ 14 ]. Early arthroscopic treatment has shown a high suc-
cess rate [ 7 ,  8 ,  10 ,  11 ] and has contributed to changing the 
natural history of dislocations. We also need to consider 
the different priorities of different types of sports, with 
contact-collision sports requiring joint stability and over-
head sports requiring the greatest possible range of motion. 
Finally, athletes differ in terms of age, needs and pros-
pects, with some having long seasons of athletic activity 
and others shorter seasons. 

 However, consistent with previous authors [ 8 ,  11 ,  16 ], 
we recommend to fi x fi rst-time anterior shoulder disloca-
tions in young athletes as soon as possible and using a 
prevalently arthroscopic-assisted surgical stabilisation 
procedure (Fig.  16.2 ), bearing in mind that each case is 
different and that the indications and prognosis should be 
discussed with the athlete and his or her parents.      
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17.1            The Superior Labrum: Anatomy, Role, 
and Pathology 

 The upper part of the glenoid labrum has a clear morphologi-
cal diversity if we compare it with the lower part. It evokes 
the meniscal morphology, with a roughly triangular section, 
the margin thin free towards the center of the joint and an 
insertion at the glenoid rim relatively vulnerable as consti-
tuted by a connective end that can be stretched easily since 
the lack of inelastic fi bers. By light microscopy, there is a 
transition zone between the fi brocartilaginous hyaline carti-
lage of the glenoid labrum and the labral tissue. The study by 
electron microscopy [ 29 ] shows that in this transitional area, 
fi ne fi brils in the labrum fi t the glenoid rim with Sharpey’s 
fi bers in radial course. By contrast, the fi brils of the capsule 
of the glenohumeral ligament, the biceps tendon, and labrum 
are parallel to the bone. 

 Some authors [ 18 ] identify in this complex system of 
fi bers a true functional unit: the periarticular fi brillar system 
(PAFS). So the glenoid labrum appears to be a narrow band of 
fi brocartilage located between the junction of the articular 
capsule and the margin of the glenoid cavity. It consists of 
three layers of collagen fi brils that with their spatial orienta-
tion make it suitable to withstand mechanical stress, tensile 
and compressive, functionally resembling to a bumper or a 
bearing. This feature, however, is conditioned by the mor-
phology and mode of insertion on the glenoid that varies 
according to the topographical site. The upper portion of the 

labrum due to its triangular morphology with free margin is 
more exposed and vulnerable to tensile stresses. In addition, 
the superior labrum interacts with the insertion of the tendon 
of the long head of the biceps (LHB). Authoritative anatomi-
cal studies at the end of the last century reported to have 
placed the proximal insertion of the tendon of the long head 
of the biceps only at the supraglenoid tubercle. One cadaveric 
study [ 42 ] of the insertion of the long head of the biceps of 
100 specimens aged between 30 and 90 years recorded the 
percentage of fi bers that were part of the tubercle and the 
anterior and the posterior labrum. Only in 30 % of cases, they 
were demonstrated to originate exclusively from the supra-
glenoid tubercle; in other cases, the origin appears to be 
divided between the tubercle and glenoid labrum. The same 
authors have therefore distinct modes of insertion of the fi bers 
in relation to the bicipital superior labrum into four types:
    I.    All fi bers arose from the posterior lip of the front with-

out any contribution (22 %).   
   II.    Most of the posterior lip with a small contribution from 

the front lip (33 %).   
   III.    Equal contribution from the front lip and rear (37 %).   
   IV.    The majority of the front lip with a small contribution 

from the posterior lip (8 %)    
  As a conclusion, the superior labrum is a vulnerable ana-

tomical structure functionally interacting with other joint 
elements and with a variable anatomy. 

 A lesion of this complex system may lead to signifi cant 
dysfunction especially in young thrower athletes.  

17.2     Etiology 

 Superior glenoid lesions or SLAP (superior labrum from 
anterior to posterior) lesions are infrequent but important 
causes of shoulder pain and disability [ 25 ,  39 ]. 

 These lesions have been classifi ed by Snyder et al. [ 39 ] 
into four kinds:
    1.    SLAP I: Degeneration or fraying of the labrum without a 

tear of the biceps tendon.   
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   2.    SLAP II: Complete detachment of the superior labrum 
and biceps anchor from the superior glenoid tubercle, 
besides a certain fraying of the edge of the labrum.   

   3.    SLAP III: Presence of a bucket haft of the superior labrum 
with a normal biceps tendon.   

   4.    SLAP IV: It is a SLAP III lesion with an associated par-
tial longitudinal lesion of the biceps tendon which is dis-
located into the joint.    
  Later on, some authors extended the classifi cation of 

SLAP lesions to nine kinds [ 24 ]. In his original paper, Snyder 
reports a total incidence of SLAP lesions of 4.8 %, but later 
on (1995) he reported an incidence of 6.9 % [ 40 ]. SLAP II 
lesions are the commonest SLAP lesions. They are generally 
associated to other shoulder pathologies such as Bankart 
lesions, Rotator cuff tears (SLAC: superior labrum anterior 
cuff) [ 36 ], and elongation of the MGHL [ 9 ]. Kim et al. 
reported 90 % association with other lesions, i.e., rotator cuff 
tear and Bankart lesion [ 21 ]. Rotator cuff lesions were more 
common in patients older than 40 years old, whereas Bankart 
lesions were more commonly seen in patients aged less than 
40 years old [ 11 ].  

17.3     Injury Mechanism 

 A SLAP lesion is often described in overhead athletes, such 
as swimmers and throwers who can present an internal 
impingement (posterosuperior) with a contact during the 
throwing between the articular side of the supraspinatus ten-
don and the posterosuperior glenoid labrum [ 14 ,  19 ]. A 
SLAP lesion can be associated to an AIOS (acquired insta-
bility in overstressed shoulder surgery) which can be 
observed as minor instabilities in throwers or overhead work-
ers. It is related to repetitive microtrauma that can produce a 
degeneration or a dysfunction of the static stabilizing sys-
tems of the shoulder and a minor instability. The anterior 
translation of the humeral head can produce a SLAP lesion 
for a mechanism of traction on the biceps anchor [ 9 ]. The 
progressive detachment of the superior labrum known as 
“peel back” of the posterosuperior labrum from the glenoid 
is a consequence of repetitive throwing microtraumas and 
can lead to a prevalent posterior SLAP II lesion [ 8 ]. 

17.3.1     Biceps Anchor Anatomy 

 The anterosuperior labrum extending from the biceps anchor 
to the midglenoid notch (the 3 o’clock position on the gle-
noid rim) is one of the most variable and confusing areas of 
glenohumeral anatomy [ 13 ]. A small recess or synovial 
refl ection just below the biceps insertion or the supraglenoid 
tubercle is usually present. The supraglenoid labrum is 
loosely attached to the glenoid, and its confi guration 

 resembles that of the meniscus in the knee. The glenoid 
labrum is triangular in cross section. The superior and mid-
dle glenohumeral ligaments usually attach to the anterosupe-
rior labrum. The biceps anchor inserts for 40–60 % of its 
fi bers on the supraglenoid tubercle of the scapula and 5 mm 
medially to the joint rim and to the rest on the glenoid labrum 
[ 42 ]. Its morphology can be normal or meniscoid, which is 
present in 15 % of the cases [ 39 ] with a large free part in the 
joint. A sublabral foramen is distinguished from a slap tear 
by virtue of its smooth borders and its medial extension 
between the superior labrum and the bony glenoid, while a 
sublabral tear would extend laterally or superiorly into the 
labrum [ 43 ]. In SLAP II lesions, the biceps anchor peels off 
from the supraglenoid tubercle with the associated detach-
ment of the labrum extending for a variable distance anteri-
orly and posteriorly; the biceps anchor can be displaced 
medially towards the glenoid neck on probing. A “peel back” 
of the anchor can be demonstrated by abduction and external 
rotation of the arm [ 27 ]. 

 It can be assumed that the superior labrum with its 
attached capsuloligamentous structures has a role in gleno-
humeral joint instability. Generally the instability produced 
by a SLAP lesion is proportionate to the extension of the 
tear in the anteroposterior direction and to the involvement 
of the biceps anchor [ 25 ]. Nevertheless the length of the tear 
may not always quantify the level of translation of the 
humeral head compared to the glenoid, and other pathologi-
cal fi ndings can be involved to explain shoulder instability 
and pain.   

17.4     Clinical and Diagnostic Examination 

 Extremely variable presentations with nonspecifi c clinical 
and radiographic fi ndings make preoperative diagnosis of 
superior glenoid lesions diffi cult [ 13 ,  20 ,  31 ]. Generally, 
SLAP lesions present with shoulder pain and mechanical 
symptoms such as clicking, catching, or popping. Clinical 
symptoms of SLAP lesions are often sneaky and variable. 
The patient can present a painful shoulder during throwing 
activities, and a loss of passive internal rotation often occurs. 
Some patients can present a “locked shoulder” or a “dead 
arm” feeling. The speed test is positive in 50 % of cases. The 
O’Brien test seems to be the more specifi c test for a superior 
labrum lesion [ 30 ,  36 ]. 

 The Neer and Hawkins tests can be positive if a secondary 
impingement is present [ 30 ]. The Jobe or Whipple test can 
be positive if an SLAC lesion occurs [ 36 ]. In minor instabili-
ties with a defi ciency of the MGHL, the Castagna test is 
positive [ 9 ] when there is a painful and apprehensive shoul-
der with the arm at 45–60° of abduction in external rotation. 
In the case of an associated Bankart lesion, the apprehension 
and relocation tests are positive too. 
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 Also the standard imaging can be confusing. Standard 
X-rays, echography, and CT can only exclude other 
 concomitant shoulder pathologies. The arthro-MRI is the 
most sensitive radiological exam, but it can often be posi-
tive without any symptoms related to the superior labrum. 
The convergence of anamnestic history, clinical symptoms, 
and arthro- MRI can direct the clinician towards the diagno-
sis of a SLAP lesion, but its confi rmation can only be made 
by arthroscopy.  

17.5     Treatment Strategy 

 Generally the fi rst treatment of a SLAP lesion is conserva-
tive, trying to recover a good internal rotation which is often 
lost in overhead athletes. The use of analgesics or FANS 
drugs can only produce a transient pain relief. 

 In case of a failure of the conservative treatment, a surgi-
cal arthroscopic treatment is used. Thus the diagnosis can be 
confi rmed and the optimal treatment performed. 

 During arthroscopy, a careful assessment of the SLAP 
complex should be done and a Buford complex, Sublabral 
hole, and cord-like MGHL should be diagnosed if eventually 
present. The treatment of SLAP lesions varies on the basis of 
the kind of lesion and age of the patient [ 1 ,  5 ,  15 ,  22 ,  23 ,  38 ].
•     SLAP I lesions : The superior labrum is debrided with a 

shaver to avoid possible mechanical blocks.  
•    SLAP II lesions : The lesion is abraded and can be sutured 

with bioresorbable anchors (age <40 years), or a tenot-
omy/tenodesis can be performed [ 6 ] (age >40 years). 
Brockmeier et al. [ 7 ] recently showed that using an 
arthroscopic repair for an isolated and posttraumatic 
SLAP lesion, very good outcomes can be achieved with a 
full recovery of the previous performed sports. 
Arthroscopic repair of SLAP II lesion and Bankart lesion 
can be a cause of postsurgical shoulder stiffness [ 41 ]. 
Repair of the SLAP II lesions has been shown to be a suc-
cessful procedure in the young overhead athlete; never-
theless, recent literature reported that the ability to return 
to preinjury level of sports remains a concern [ 26 ,  28 ]. 
Several techniques of SLAP II lesion repair are described, 
differing in the portals and numbers of anchors [ 32 ], but 
they are all related to the labral stability without under-
standing the anatomy we are aiming to restore. As a mat-
ter of fact, overtensioning the biceps anchor and the 
superior labrum may lead to residual stiffness and clinical 
symptoms. No statistical differences in the function and 
strength of the arm following tenotomy or tenotomy and 
tenodesis of the LHB have been reported in the literature 
[ 6 ]; thus the choice between these two techniques is only 
based on an esthetic reason to avoid the Popeye sign.  

•    SLAP III lesions : They present a bucket haft of the supe-
rior labrum. Therefore they should be carefully analyzed 

to assure a stable anchorage of the biceps anchor and 
residual labrum. The torn fragment of the labrum must be 
removed.  

•    SLAP IV lesions : The treatment can be different according 
to the extension of the biceps tendon lesion and to the age 
of the subject. If less than 30 % of the tendon is torn, the 
detached labrum and the torn part of the LHB can be 
removed. If more than 30 % of the tendon is torn, in an 
old patient a tenotomy can be performed, while in a young 
patient a SLAP repair is recommended [ 3 ].    
 The standard arthroscopic repair of a SLAP II lesion may 

result in a residual pain and stiffness of the shoulder in over-
head athletes [ 6 ,  7 ,  16 ,  37 ], and the return to elite throwing 
sports particularly at the same preoperative level remains 
challenging [ 28 ]. The restoration of the real anatomy can 
probably improve clinical outcomes and sport performances, 
even if the reported literature about this topic is lacking. 
Therefore, during surgery for SLAP repair, the mobility of 
the labrum must be preserved, because if it is fi rmly fi xed to 
the glenoid, the risk of severe loss of rotation could be high. 
Nevertheless, the stability of the LHB anchor must be 
restored, thus stabilizing also the insertions of the SGHL and 
MGHL [ 34 ], to reestablish the stabilizing effect of the biceps 
tendon for the shoulder joint. Traditional techniques of 
SLAP lesions repair often strangle the LHB giving a high 
rigidity to the labrum which loses its mobility. Thus, a cer-
tain stiffness of the shoulder often occurs. We thus describe 
our personal technique for treating SLAP II lesions. It aims 
to accurately reproduce the normal anatomy of the superior 
labrum. In our daily practice, an arthroscopic surgery under 
interscalene block anesthesia with the patients in the lateral 
decubitus position is usually performed. A standard posterior 
viewing portal and an accessory anterosuperior working portal, 
high in the rotator interval region, using the inside-out tech-
nique were created. An evaluation of the rest of the intra- 
articular structures of the shoulder (cuff, biceps tendon, 
articular surface), apart from the superior labrum, was car-
ried out in order to confi rm the presence of concurrent 
pathologies. Then, using a probe, the SLAP II lesion was 
confi rmed (Fig.  17.1 ) according to the existence of a com-
plete detachment of the biceps anchor from the superior gle-
noid tubercle, besides certain fraying of the edge of the 
labrum [ 39 ]. A 4.5 mm shaver was used in order to regularize 
the edge of the superior labrum when necessary and debride 
the bleeding bone of the superior part of the glenoid neck 
(Fig.  17.2 ). Using the anterior portal, a bioabsorbable anchor 
loaded with two sutures (Lupine, Depuy Mitek) was inserted 
into a predrilled hole in the glenoid rim just below the biceps 
anchor, 2–3 mm medial to the articular surface (12 o’clock 
position) (Fig.  17.3 ). With the help of a suture passer, a free 
non-reabsorbable monofi lament suture was passed through 
the posteromedial aspect of the biceps anchor from superior 
and medial to inferior and lateral, emerging just under the 
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posterior aspect of the superior labrum (Fig.  17.4 ). The intra- 
articular end of this monofi lament suture was retrieved 
through the anterosuperior portal in order to shuttle one of 
the limbs of the sutures in the anchor through the labrum 
(Fig.  17.5 ). The other limb was passed through the labrum 
adjacent to the biceps, a few millimeters anterior to the fi rst 
one, thus creating a mattress stitch (Fig.  17.6 ). The horizon-

tal mattress suture should not cross over point “A” (anterior 
edge of LHB on the labrum) because no LHB fi ber was sent 
anterior to the anterior edge of the supraglenoid tubercle [ 2 ]. 
Using the same suture passer technique, one of the limbs of 
the second suture of the anchor was passed through the supe-
rior labrum at the level of the insertion of the MGHL and the 
SGHL (Fig.  17.7 ), creating a simple stitch (Fig.  17.8 ). 

  Fig. 17.2    A 4.5 mm shaver was used in order to regularize the edge of 
the superior labrum when necessary and debride to bleeding bone the 
superior part of the glenoid neck       

  Fig. 17.3    Using the anterior portal, a bioabsorbable anchor loaded 
with two sutures (Lupine Depuy Mitek) was inserted into a predrilled 
hole in the glenoid rim just below the biceps anchor, 2–3 mm medial to 
the articular surface (12 o’clock position)       

  Fig. 17.4    With the help of a suture passer, a free non-resorbable 
monofi lament suture is passed through the posteromedial aspect of the 
biceps anchor from superior and medial to inferior and lateral, emerg-
ing just under the posterior aspect of the superior labrum       

  Fig. 17.1    Using a probe, the SLAP type II lesion was confi rmed 
according to the existence of a complete detachment of the biceps 
anchor from the superior glenoid tubercle, besides certain fraying of the 
edge of the labrum       
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Finally, the biceps and labral stability were tested with a 
probe (Fig.  17.9 ).          

 We reported our above-described technique for isolated 
SLAP II lesion repair with a short-term follow-up [ 10 ]. 
Nine males (64.3 %) and fi ve females aged 28.4 ± 6.6 years 
were included in this study. The mean follow-up was 
12.7 ± 7.4 months (range, 5–24). The dominant arm was 
involved in 10 cases (71.4 %), while the right arm was 

involved in 78.6 % of the cases. Every single patient was 
assessed before and after surgery by the passive ROM and 
using the Constant score [ 12 ], the ASES score [ 33 ], the 
UCLA score, and the ROWE score. The O’Brien and the 
painful apprehension tests were used for clinical diagnosis 
[ 17 ]. All the patients underwent an arthro-MRI for imaging 
confi rmation before surgery. For each enrolled patient, a 

  Fig. 17.5    The intrarticular end of this monofi lament suture is retrieved 
through the antero-superior portal in order to shuttle one of the limbs of 
the sutures in the anchor through the labrum       

  Fig. 17.6    The other limb is passed through the labrum adjacent to the 
biceps, a few millimeters anterior to the fi rst one, thus creating a mat-
tress stitch       

  Fig. 17.7    The horizontal matress suture should not cross over point 
“A” (anterior edge of LHB on the labrum)       

  Fig. 17.8    Using the same suture passer technique, one of the limbs of 
the second suture of the anchor is passed through the superior labrum at 
the level of the insertion of the MGHL and the SGHL, creating a simple 
stitch       
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standardized form reporting demographic data (age, sex), 
time of follow-up, dominant arm (right/left), affected 
shoulder, passive ROM, Constant score [ 12 ], ASES score, 
UCLA score, ROWE score, O’Brien test, the time of the 
surgery (time zero), and the time of follow-up (6 months 
and fi nal follow-up) was completed. For the comparison of 
the means at different times, a Student t-test for paired sam-
ples was used. A multiple logistic regression model to eval-
uate a relationship with age, sex, and sport of the examined 
parameters was performed. The level of signifi cance was 
set at  p  < 0.05. 

 Of the 14 patients operated with this technique from 2011 
to 2012, all the patients had isolated SLAP II lesions. The 
number and proportion of patients with positive O’Brien 
sign was 12 (85.7 %) at time zero and 1 (7.1 %) at 6 months 
and at fi nal follow-up (chi-square = 15.2;  p  < 0.0001) 
(Table  17.1 ). Means of Constant [ 12 ], ASES [ 33 ], ROWE, 
and SST scores and VAS (visual analog scale for pain evalu-
ation) statistically improved from time zero to 6 months and 
from 6 months to fi nal follow-up (Table  17.2 ). The number 

  Fig. 17.9    Finally, the biceps and labral stability is tested with a probe       

   Table 17.1    Detailed list of the enrolled patients including sports, function, and symptoms before surgery   

 Enrolled patients 
 Elite throwing sport 
performed 

 Mean Constant score 
preop. ± SD  O’Brien sign 

 Apprehension and relocation 
test 

 14  4  64.6 ± 13.9  12  8 

   Table 17.2    Means values and standard deviations with statistical analysis of Constant, ASES, ROWE Scores; VAS; and SST at time zero, 
6 months’ follow-up, and at fi nal follow-up   

 Scores  Time zero 
 Follow-up 
6 months ± SD 

 Time zero versus 
6 months 

 Final 
follow-up ± SD 

 6 months versus 
12 months 

 Constant  64.6 ± 13.9  80.7 ± 25.1   t  = 1.9  92.6 ± 11.8   t  = 6.5 
  p  = 0.04   p  < 0.0001 

 ASES  76.9 ± 22.4  100.6 ± 7.5   t  = 3.8  108.3 ± 8.5   t  = 5.0 
  p  = 0.001   p  = 0.001 

 ROWE  53.6 ± 20.6  88.6 ± 10.1   t  = 7.4  96.5 ± 7.2   t  = 7.8 
  p  < 0.0001   p  < 0.0001 

 VAS  5.7 ± 3.4  2.1 ± 1.5   t  = 6.4  0.57 ± 0.93   t  = 5.7 
  p  < 0.0001   p  < 0.0001 

 SST  6.9 ± 2.1  8.5 ± 0.6   t  = 2.5  9.1 ± 0.9   t  = 3.1 
  p  = 0.013   p  = 0.0039 

    Table 17.3    Means values and standard deviations (SD) with statistical analysis of ABD, AF, ER1, ER2, and IR at time zero, 6 months’ follow-up, 
and at fi nal follow-up   

 Time zero  Follow-up 6 months  Time zero to 6 months  Final follow-up 
 6 months versus 
12 months 

 ABD  90.7 ± 6.2  84.6 ± 12.8  n.s.  85.4 ± 12.8  n.s. 
 AF  167.9 ± 11.2  162.8 ± 26.1  n.s.  165.7 ± 27.1   t  = 2.3 

  p  = 0.02 
 ER1  71.8 ± 17.7  58.9 ± 23.9  n.s.  60.3 ± 24.5  n.s. 
 ER2  85.7 ± 14  80.4 ± 14.2  n.s.  81.8 ± 14.6  n.s. 
 IR  66.4 ± 14.5  56.4 ± 19.8   t  = 1.9  61.4 ± 22.1   t  = 2.9 

  p  = 0.04   p  = 0.0065 
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and proportion of patients who referred to practice sports 
was 12 (85.7 %) at time zero, 10 (71.4 %) at 6 months fol-
low- up, and 10 (71.4 %) at fi nal follow-up (chi-square = 0.6; 
n.s). Of the four patients who had participated in overhead 
agonistic athletics preoperatively (volleyball and tennis), all 
the four were able to return to their preinjury level. The mean 
value of passive abduction (ABD), external rotation with 
arm at side (ER1), and external rotation with 90° of abduc-
tion of the arm (ER2) did not differ in the three evaluations 
(n.s.). Anterior fl exion of the arm (AF) and internal rotation 
of the arm (IR) were increased from 6 months to fi nal follow-
 up ( t  = 2.9;  p  = 0.0065) (Table  17.3 ). The apprehension and 
relocation tests were positive in eight patients before surgery 
and negative in all the cases after surgery (chi-square = 13.3; 
 p  = 0.003). Clinical scores were better in male patients ( t  = 2.7 
 p  = 0.028), if the dominant arm was involved ( t  = 3.4, 
 p  = 0.010) and in older patients (low signifi cance) ( t  = 2.3 
 p  = 0.046). Passive ROM was not reduced by surgery 
(Table  17.3 ). The main difference with a standard repair is 
that in the reported technique, a mattress stitch to reinsert the 
medial supratubercle origin of the biceps fi bers, at the medial 
side of the biceps anchor, and a simple stitch anteriorly, 
through the superior labrum at the level of the insertion of 
the MGHL and the SGHL, are applied, thus stabilizing those 
ligaments. In the standard repair, two simple stitches are 
applied anteriorly and posteriorly to the biceps, and this can 
strangle the LHB and can create pain with loss of joint 
mobility [ 4 ]. In the reported technique, the anatomy is 
respected: the articular aspect of the superior labrum is loose 
and the medial side reinforced.

17.6          Rehabilitation and Return to Play 

 Repair of the SLAP II lesions has been shown to be a suc-
cessful procedure in the young overhead athlete; neverthe-
less, recent literature reported that the ability to return to 
preinjury level of sports remains a concern [ 25 ,  28 ]. 

 Postoperatively to our technique of SLAP II repair, the 
patients are protected in a sling in neutral rotation and 20° of 
abduction for 3 weeks. They are limited to early pendular 
shoulder exercises with a gradual progression of forward 
fl exion from 90° to 150° over 6 weeks. Strengthening exer-
cises begin 6 weeks after the operation in a progressive man-
ner. A proprioceptive program of the scapulothoracic joint 
with a strengthening of the rotator cuff muscles must be 
associated. Patients are advised to avoid vigorous sports 
activities for 6 months after the operation. After the fourth 
month, stretching and strengthening exercises are improved 
and a progressive return to the throwing action can begin. 
Overhead athletes can return to their throwing activities 
6 months after surgery. This kind of program can give good 
medium-/long-term outcomes [ 35 ].     
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18.1             Epidemiology 

 Anterior glenohumeral instability (GHI) is a common injury 
among athletes, with a higher incidence compared to the 
general population. 

 In the USA, the incidence rate of shoulder dislocation is 
23.9 per 100,000 person-years in the general population pre-
senting to the emergency departments [ 73 ], while athletes 
sustain 0.12 episodes of glenohumeral dislocation per 1,000 
athlete exposures (meant as one athlete’s participation in 1 
practice or competition session without reference to duration 
of activity) [ 45 ]. A higher number of dislocations occur 
among contact athletes, being American football, ice hockey, 
and rugby the most injurious [ 45 ]. There are no differences 
in the overall dislocation occurrence with regard to gender 
when sports participation was analyzed per sexes [ 45 ]. In the 
general population, 46.8 % of all dislocations were in patients 
between 15 and 29 years of age [ 73 ].  

18.2     Joint 

 Static and dynamic stabilizers guarantee the balance between 
shoulder mobility and stability. Proximal humeral shaft, 
humeral head and glenoid shape, labrum, negative intra- 
articular pressure, and capsular ligaments are static restraints. 
Cadaveric and in vivo studies showed the contribution that 
different elements of the capsule-ligamentous complex give 
to stability. When the arm is abducted and externally rotated, 
in the position of anterior apprehension, the primary restraint 
to anterior dislocation is the anterior band of the inferior 

 glenohumeral ligament. On the contrary, the posterior band 
is essential in preventing posterior instability [ 44 ,  62 ,  66 ]. 
The rotator interval complex, especially the medial part rep-
resented mainly by the coracohumeral ligament, has a pri-
mary role in limiting inferior translation [ 30 ]. When the arm 
is at 45° of abduction and external rotation, the medial gleno-
humeral is a static restraint to both anterior and posterior 
translation, while the superior glenohumeral ligament is 
mainly involved in limiting inferior and anterior translation 
with the arm at the side [ 9 ]. The labrum acts by deepening 
the glenoid by 50 % [ 22 ], increasing therefore the anteropos-
terior stability by 20 % [ 36 ]. The glenoid has a pear shape, 
being the upper part 20 % narrower than the lower one. The 
humeral head has the shape of a sphere; therefore, just the 
25–30 % of the glenohumeral surfaces are in contact [ 4 ]. 
Rotator cuff muscles, long head of the biceps, deltoid, and 
other periscapular muscles are dynamic stabilizers. They act 
compressing the humeral head to the glenoid therefore main-
taining a concentric joint [ 18 ].  

18.3     Injury Mechanism 

 Anterior dislocations account for about 95 % of instances, 
while posterior and inferior represent together less than 5 %. 
Typically, in case of an anterior shoulder dislocation in the 
athletes, the arm is abducted and externally rotated against 
an externally rotating force [ 23 ]. Less commonly, a forward 
fall creates a hyperfl exion/external rotation glenohumeral 
position. Posterior dislocations usually come from a direct 
humeral head force while the arm is in adduction and inter-
nal rotation or in a fall with an extended and internally 
rotated arm [ 40 ]. In an epidemiologic study over a 4-year 
period on 131 subjects whom sustained a fi rst-time shoulder 
dislocation, 86 % were contact or collision athletes [ 53 ]. 

 Football is a sport in which there is a higher risk for shoul-
der dislocation: most of the injuries occur during running 
plays, and in all phases of play, injuries most frequently 
occur when the athlete is tackling, being tackled, and 
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 blocking. For soccer and wrestling, the most common mech-
anism of dislocation is contact with another player or contact 
with the playing surface, with takedown in wrestling being 
responsible for about 50 % of shoulder dislocation. In bas-
ketball, the most common mechanism is contact with the 
playing apparatus for males, whereas contact with another 
player for females [ 32 ]. Rugby also exposes a high risk of 
shoulder dislocation, with an overall incidence rate (IR) of 
primary anterior shoulder dislocation in matches up to 3.2 
per 1,000 layer-hours. The players who compose the front 
row have a signifi cantly higher IR than those in other posi-
tions, and tackling is by far (67.6 %) the most frequent mech-
anism of all shoulder injuries [ 31 ]. In ice hockey, the IR of 
shoulder dislocation ranges between 8.6 and 21.9 % [ 56 ] and 
even worse among junior players (22 %) [ 59 ]. In a study on 
24 professional hockey players presenting at the author’s 
institution after a shoulder injury, 75 % had an anterior labral 
lesion/Bankart lesion [ 14 ].  

18.4     Pathoanatomy 

 The most common lesion following an anterior traumatic 
dislocation is the Bankart lesion (Fig.  18.1 ), in which the 
anteroinferior capsulolabral complex is torn away from the 
glenoid rim.  

 This injury can also come with a bony fragment from the 
anteroinferior edge of the glenoid [ 61 ]. The detached labrum 
fails its deepening effect, therefore destabilizing the gleno-
humeral joint. This mechanism is increased when a bony 
lesion is also present (bony Bankart) (Fig.  18.2 ), since it con-
tributes to decrease the glenoid surface. During a trauma in 

which the humeral head, while in abduction and external 
rotation, is forced anteriorly, a compression fracture can 
occur as the superior posterolateral aspect of the head hits 
the anterior glenoid rim (Fig.  18.3 ). This occurrence was 
identifi ed by Hill and Sachs in 1940 [ 20 ], and it is present in 
40–90 % of all anterior shoulder dislocation [ 61 ,  72 ]. When 
the defect on the superior posterolateral aspect of the humeral 
head engages the anterior glenoid rim, the lesion becomes an 
engaging Hill-Sachs (Fig.  18.4 ). Typically it happens with 
90° of abduction and a various degree of external rotation 
[ 10 ,  47 ].    

  Fig. 18.1    Bankart lesion       

  Fig. 18.2    Bony Bankart lesion       

  Fig. 18.3    Hill-Sachs lesion       
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 Although less common, other structures can be injured 
following an anterior shoulder dislocation. Specially in 
 overhead/throwing athletes, the superior labrum can detach 
at the biceps tendon/labrum complex as described by 
Andrews et al. in 1985 [ 1 ], and successively, Snyder named 
this injury Superior Anterior to Posterior Lesion (SLAP) 
(Fig.  18.5 ) and classifi ed it into four types [ 58 ].  

 Humeral avulsion of the glenohumeral ligament (HAGL) 
(Fig.  18.6 ) is another well-described cause of post-traumatic 
anterior shoulder instability, accounting up to 9 % of the 
cases [ 64 ,  70 ]. It has been also described as an association 

between anterior shoulder instability and a tear of the rotator 
interval complex, as described by Rowe and Zarins [ 52 ].   

18.5     Clinical and Diagnostic Examination 

 Examination starts with a careful history. Even in the acute 
setting, a detailed history on the trauma pattern can help in 
diagnosing the underlying injury. Moreover, a complete neu-
rovascular assessment is mandatory in the acute dislocation, 
since an axillary nerve injury occurs in 5–35 % of fi rst injury 
[ 49 ], and a gross physical examination should also evaluate 
the presence of obvious deformity, open wounds, and limited 
range of motion. In the subacute setting, the examiner should 
focus on age at the fi rst dislocation, mechanism of injury, 
type and level of played sport, any further dislocation and 
shoulder positions that lead to dislocation, and the total num-
ber of episodes. Muscle status should be assessed, together 
with the presence of deformities and sensory-motor impair-
ment. Examination should also encompass generalized liga-
mentous laxity test. The main essential differential diagnosis 
should focus on traumatic versus atraumatic shoulder insta-
bility. The fi rst one follows a traumatic injury, usually is uni-
directional, and frequently needs surgery to be fi xed (TUBS), 
and the second one is the result of a generalized ligament 
laxity, shows a multidirectional instability, and is mainly 
addressed by physical therapy (AMBRI) [ 63 ]. 

 The apprehension test is considered positive when elicits 
apprehension while the patient is supine and the arm is pas-
sively abducted and externally rotated both to 90°. Sometimes 
patients experience pain, although the pain alone has a lesser 
predictive value [ 52 ]. If the patient complains for discomfort 

  Fig. 18.4    Engaging Hill-Sachs lesion       

  Fig. 18.5    Superior Labrum Anterior to Posterior Lesion (SLAP)       

  Fig. 18.6    Humeral avulsion of the glenohumeral ligament (HAGL)       
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and apprehension while the shoulder is at 90° of abduction 
and external rotation, the examiner can push posteriorly the 
humeral head. If this maneuver lowers the apprehension, the 
so-called relocation test is considered positive, as described 
by Jobe et al. [ 29 ]. When the examiner removes suddenly his 
hand after the relocation test, the patient could experience the 
symptoms. This is defi ned as a positive surprise test [ 57 ]. 
A study evaluating the three tests [ 37 ] showed that the surprise 
test was the single most accurate test (sensitivity = 63.89 %; 
specifi city = 98.91 %) followed by the apprehension test 
(sensitivity = 52.78 %; specifi city = 98.91 %), the relocation 
adds few value to the examination, being the less accurate 
(sensitivity = 45.83 %; specifi city = 54.35 %). 

 The anterior and posterior drawer tests [ 16 ] and the load 
and shift tests [ 41 ] are used to assess the stability of the gle-
nohumeral joint. The drawer tests are considered positive if 
the humeral head has an increased translation compared to 
the contralateral shoulder. The load and shift test is consid-
ered positive when the humeral head could be shifted anteri-
orly off the glenoid. 

 Radiological evaluation should include routine X-rays in 
three views, a true antero-posterior view, the West Point 
Axillary view, and the Apical Oblique view. This set of view 
allows to evaluate the anteroinferior glenoid rim. When a 
bone loss is suspected, routine X-rays should be supplied 
with CT-scan that allows for a quantifi cation of the glenoid 
bone loss. To this purpose, different methods have been 
described [ 24 ,  54 ,  60 ]. MRI should be considered to evaluate 
soft tissue injuries, including labrum, rotator cuff, and gleno-
humeral ligaments, and for these latter, a better view could 
be achieved by using the ABER position [ 55 ]. The intra- 
articular injection of gadolinium could be used to enhance 
the diagnostic power (arthro-MRI) once the post-traumatic 
hemarthrosis in the acute setting has been solved. Arthro- 
MRI identifi es labral tears with a sensitivity of 88–96 % and 
a specifi city of 91–98 % [ 69 ].  

18.6     Treatment Strategy 

 The treatment of anterior shoulder instability is a heavily 
debated issue. A lot of factors enter in the decision-making 
process: age and level of activity of the patient, the kind of 
sport and the role of the athlete (overhead/thrower vs non-
overhead/nonthrower), the type of lesion (soft tissue or soft 
tissue and bony lesion), the number of dislocations, and the 
timing with respect to sport season. 

 The athlete incurring in a shoulder dislocation in the mid- 
season, who wish to fi nish the season, has no alternatives than 
nonoperative management. But no all the athletes are ame-
nable to be treated nonsurgically. Although evidences are lit-
tle, the following criteria have been proposed: (1) little or no 
pain, (2) patient subjectivity, (3) near normal range of motion, 

(4) near normal strength, (5) normal functional ability, and (6) 
normal sports-specifi c skills. When the strength is 80–90 % 
of normal and mild apprehension, the athlete could return to 
play with an abduction and external rotation limiting brace 
that can be removed once the symptoms are gone [ 40 ]. 

18.6.1     Nonoperative Management 

 Immobilization, physical therapy, and bracing, with a 
delayed return to activity, are the basis of nonoperative man-
agement. The duration and position of the immobilization 
are controversial. Itoi et al. used the MRI to assess if there 
were differences in immobilizing the arm internally or exter-
nally rotated in patients affected by a Bankart lesion. They 
found that immobilization in internal rotation displaces the 
labrum and immobilization in external rotation better 
approximates the Bankart lesion [ 26 ]. In a later prospective 
study, comparing patients randomly assigned to immobiliza-
tion in either internal or external rotation, Itoi and colleagues 
found a signifi cantly lower recurrence rate in the external 
rotation group than in the internal rotation group (26 % vs 
42 %), with a relative risk reduction of 38.2 %. In the sub-
group of patients who were 30 years of age or younger, the 
relative risk reduction was even more substantial (46.1 %) 
[ 25 ]. However, in a more recent prospective randomized 
study on 188 patients with a primary anterior traumatic dis-
location of the shoulder randomly assigned to immobiliza-
tion in either internal rotation or external rotation for 3 weeks 
[ 35 ], the authors showed that the recurrence rate was 24.7 % 
in the internal rotation group and 30.8 % in the external rota-
tion group ( p  = 0.36). 

 The duration of immobilization is even more controver-
sial than position. The duration ranges from 3 to 6 weeks and 
the recurrence rate varies from 10 to 100 % [ 21 ,  39 ].  

18.6.2     Operative Management 

 Although on the basis of weak evidences, there is general 
agreement among surgeons that failure of nonoperative man-
agement, recurrent dislocation, large or engaging Hill-Sachs 
lesions, and glenoid bone loss greater than 20 % are factors 
pushing towards surgery [ 67 ]. Outcomes from both nonop-
erative [ 39 ,  51 ] and operative [ 53 ] treatments showed that 
age is a primary risk factor for recurrence. In the acute set-
ting, indications to surgery are the presence of a proximal 
humerus fracture requiring surgery, irreducible dislocation 
or interposed tissue or nonconcentric reduction, and instabil-
ity during sports-specifi c drills [ 46 ]. 

 Studies comparing nonoperative to operative treatment of 
initial traumatic anterior dislocation showed that the recur-
rence rate is higher for the nonoperative option [ 7 ,  28 ,  34 ]. 
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 Early surgical stabilization compared to nonoperative 
treatment leads to better outcomes and smaller recurrence 
rate, especially for younger and more active subjects. Both 
at short-term follow-up (7 % vs 46 %) and at longer-term 
follow- up (10 % vs 58 %) operative management is associ-
ated with a signifi cantly lower rate of recurrent instability 
for primary anterior shoulder dislocation [ 8 ]. 

 Nearly 90 % of shoulder stabilization surgeries are 
arthroscopically performed, while a signifi cant decline in the 
incidence of open Bankart repair has been observed in the 
USA [ 74 ]. In 2010, a meta-analysis on 6 studies, for a total 
number of patients of 501, 234 suture anchors and 267 open, 
concluded that arthroscopic repair using suture anchors 
results in similar recurrence and reoperation rate compared 
to open Bankart repair [ 50 ]. A recent systematic review of 
level I to IV studies showed that arthroscopic suture anchor 
and open Bankart techniques for anterior shoulder instability 
yield comparable results in terms of recurrence rate 
(arthroscopic suture anchor 8.5 %, open Bankart repair 8 %), 
clinical outcome scores, return to play (arthroscopic suture 
anchor 87 %, open Bankart repair 89 %), and incidence of 
postoperative osteoarthritis [ 19 ]. 

 A recently published systematic review has shown that 
there is no signifi cant difference in recurrence rate of insta-
bility among open Bankart procedures (5.5 %), Bristow- 
Latarjet procedures (14.3 %), and arthroscopic Bankart 
procedures (14.7 %). The open Bankart repair yielded to the 
lowest recurrence rate, clustering the shoulders by the 
amount of bone loss or the presence of an engaging Hill- 
Sachs, showed that for glenoid bone loss lesser than 30 % or 
non-engaging/non-severe Hill-Sachs lesions, open Bankart 
repair was successful in 100 % of patients without recur-
rences. Conversely for greater than 30 % glenoid bone loss 
or engaging or severe Hill-Sachs, open Bakart repair yielded 
57.1 % of recurrences, while for the same conditions, the 
Bristow-Latarjet achieved a 14.3 % rate of recurrent instabil-
ity [ 15 ]. Balg and Boileau assessed that bone loss (both at the 
glenoid or at the humeral side), patient age under 20 years at 
the time of surgery, contact sports or overhead activity, and 
shoulder hyperlaxity are clear risk factors for recurrence 
after arthroscopic Bankart repair [ 3 ,  6 ]. Therefore, they suc-
cessively developed the “instability severity index score,” a 
scoring system that takes into account the previously named 
risk factors and determines which patient would be better 
treated by an open procedure [ 3 ]. Failed shoulder stabiliza-
tion procedures in an athlete are always a tough issue for the 
orthopedic surgeon. Causes of failure can be relative to a 
new trauma or an underestimated lesion at the time of the 
primary treatment. Several studies support the arthroscopic 
Bankart repair as a feasible option even in the revision set-
ting [ 2 ,  5 ,  12 ,  33 ,  42 ,  43 ,  48 ]. But revision Bankart repair 
generally yields to lower results compared to primary repair 
in terms of recurrence rate, return to play, and clinical 

 outcomes [ 17 ]. With regard to bony defects, there is general 
agreement that glenoid bone loss greater than 25 % should 
be addressed by bony procedures to widen the glenohumeral 
articular surface [ 38 ]. But less agreement there is about bipo-
lar bone loss lesions when the glenoid lesion is lesser than 
25 % also because of the lack of a shared quantifi cation 
method for humeral-sided bone loss. Itoi and colleagues in 
2007 introduced a new concept, the glenoid track [ 71 ]. When 
the arm is abducted, the contact zone between humeral head 
and glenoid shifts from the inferomedial to the superolateral 
portion of the posterior aspect of the humeral head; that area 
is named glenoid track. This concept is consistent to the one 
by Burkhart and De Beer [ 10 ] about engaging versus non- 
engaging Hill-Sachs lesions. Combining these concepts, Di 
Giacomo, Itoi, and Burkhart recently proposed to divide the 
lesions into “on track” and “off track” [ 13 ]. In the presence 
of a Hill-Sachs, if the medial margin of the lesion falls inside 
the glenoid track, it will be on track and therefore will not 
engage. On the contrary, if the medial edge of the lesion falls 
medially to the margin of the glenoid track, the Hill-Sachs 
will be off track and an engaging lesion. The authors pro-
posed that for off-track lesions, regardless of the amount of 
the glenoid defect, a procedure addressing the humeral head 
should be considered [ 13 ] (Fig.  18.7 ). An increasing number 
of studies support the concept of the glenoid track as a pow-
erful method in the diagnostic and treatment approach [ 65 ].    

18.7     Rehabilitation and Return to Play 

 Rehabilitation after surgical treatment is tailored for each ath-
lete according to the type of surgery he underwent and the role 
he plays. However, the early phases are shared despite the 
nonoperative or surgical treatment and the sporting activity. 
A sling during the fi rst 2 weeks allows for soft tissue protec-
tion, reduction of infl ammation, and healing. Limited passive 
and gentle ranges of motion (ROM) are useful during that 
period to avoid the risk of shoulder stiffness. Usually from the 
third/fourth week, ROM are gradually increased, and isotonic, 
closed-chain exercises for rotator cuff muscles and other 
periscapular stabilizers are started, in order to favor joint sta-
bility. After four postoperative weeks, the sling is discontin-
ued, and the patient can sleep with a pillow to keep the arm at 
45° of abduction. Successively, the goals of the rehabilitation 
are to recover full ROM and increase the muscular strength 
and the joint neuromuscular control. The fi nal phase is tar-
geted to recover specifi c sports drills. Progression to advanced 
phases of the rehabilitation is based on pain, ROM gain, 
strength of the stabilizing periscapular muscles, and joint con-
trol. On average, a 4-month period is necessary for return to 
sport [ 27 ]. Usually athletes are allowed to return to sport if 
they show a comparable motion, strength, and stability to the 
contralateral side during specifi c sports drills [ 11 ,  68 ].     
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19.1             Introduction 

 Shoulder instability with bony defects, either anterior or pos-
terior, is commonly caused by recurrent episodes of disloca-
tion [ 1 ]. Most of these defects are “small-sized ones” or not 
big enough which infl uence the instability after surgical soft 
tissue repair. In the last 15 years, authors focused on bony 
lesions as the main risk factor causing postsurgical recur-
rence of anterior instability [ 2 ]. Differences can exist among 
anterior and posterior instability, whose bone component 
(Fig.  19.1 ) has not been deeply studied as the anterior one 
[ 3 ]. Risk factors are associated with the presence, type, size, 
and location of the bone defects, either in the humeral or in 
the glenoid side.  

 Burkhart and De Beer [ 4 ] analyzed a cohort of 194 
arthroscopic Bankart procedures performed on athletes in 
order to identify specifi c factors related to the recurrent insta-
bility. Bony lesion on the glenoid side, getting the glenoid to 
the “inverted pear” shape, and the ones at the humeral side 
were identifi ed as the main factors affecting the postsurgical 
recurrences after the arthroscopic Bankart treatment. They 
assumed that the Hill-Sachs lesion [ 5 ] is at risk when its ori-
entation matches the glenoid rim at 90° of abduction in max-
imal external rotation. This pattern was named “engaging 
Hill-Sachs lesion.” Although this observation represented a 
starting point, it was not defi nitively exhaustive. 

 Athletes’ needs are peculiar compared to those of the 
standard population; several factors, indeed, affect the sport 
season and the career. As a consequence, the treatment has 
to be related to these needs. The elite athlete is exposed to 
specifi c risks at an early age. The onset of the instability is 
mainly due to trauma, either in a normal shoulder or in a 
constitutional ligament laxity. 

 According to the literature [ 6 ], patients with less than 
15 % of glenoid bone loss can be successfully treated by soft 
tissue procedures. If the defi cit exceeds the 25 % of the sur-
face, these are not suffi cient. Bony procedures are indicated 
for these cases. In between these values, several factors infl u-
ence the decision-making [ 7 ]. 

 Bone defi ciency can be due to a single dislocating epi-
sode as to recurrent ones; it also can be a consequence of 
attritional mechanism in overhead athletes due to the anterior 
capsule being stretched allowing the humeral head repeti-
tively riding the anterior glenoid edge. Each of these sports- 
related mechanisms and specifi c instability patterns lead to 
different treatments and surgical approaches. The literature 
review shows signifi cant differences among authors’ treat-
ment choices for the same anatomic lesions: depending on 
the surgeons’ country of origin or their confi dence with a 
procedure over another. Since objective data are the bases 
for supporting a treatment over another, imaging techniques 
have a great value when choosing bone procedures, when 
these can be challenged by soft tissue procedures and when 
soft tissue procedures are the best choice. 

 Another aspect, more crucial for athletes than in other 
population, is the choice, surgical or conservative, at the fi rst 
dislocation episode.  

19.2     Mechanical and Clinical Correlations 

 The bone loss defi cit is due to the energy transmitted by the 
dislocating humeral head against the glenoid. High-energy 
dislocations, typical of collision sports (football, rugby), 
 produce glenoid rim fractures in an acute traumatic episode. 
The dislocation can either occur with the arm in elevation 
abduction or, specifi c of collision sports, in mild abduc-
tion, forced extension and external rotation while the arm 
is caught by an antagonist player. This can lead to different 
orientations of the humeral bony lesion. 

 Low-energy mechanism of dislocation causes smooth-
ing of the glenoid, getting its defi ciency over the time. The 
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last, affecting lax morphotype patients, is typically the one 
of overhead sportsmen (javelin throwers, baseball players), 
sometimes with no evidence of dislocations (the so-called 
minor instability) [ 8 ]; it is associated with stretched ante-
rior capsule, superfi cial and peripheral Hill-Sachs lesions, 
partial articular side cuff lesions [ 9 ], and posterior capsular 
stiffness. The onset of the problem in these cases lacks a 
major trauma, where it is the rule into determining the gle-
noid fractures. In between these two opposite trauma pat-
terns, the most frequent one is traumatic dislocation due to 
overstretched arm in external rotation and abduction, caus-
ing the avulsion from the glenoid of the labrum and its 
attached capsule-ligament complex (Bankart lesion) with 
or without a bony fragment (bony Bankart). At the time of 
injury, the high-energy dislocations need external maneu-
vers to accomplish the joint reduction, often requiring 
anesthesia, whereas the low-energy ones of constitutional 
lax shoulders do not. The time elapsed from dislocation to 
the joint reduction results in deepening of the Hill-Sachs 
lesion, since the cancellous bone of the greater tuberosity is 
soft. Furthermore, the rotator cuff units, stretched in the 
dislocating position of the humerus, act vigorously in the 
healthy shoulder of an athlete, getting the humeral head to 
be compressed against the glenoid edge: the posterior bone 
defect deepens and the reduction gets more diffi cult over 
the hours. 

 In order to give the best treatment to the athlete, we have to 
properly understand the natural history of the instability. The 
Bankart labral lesion [ 10 ] occurs in about 97 % of dislocations. 
Glenoid bone insuffi ciency stands at 20 % of patients at fi rst 
dislocation, rising fast in the recurrences, to reach about 90 % 
in the post anterior stabilization recurrences; this is due either 
to the mechanical impact during the dislocation or to the loss of 
bone substance caused by the surgical implants. 

 Bony defect, either humeral or glenoid sided, impairs one 
of the mechanisms of shoulder stabilization. Others are the 
glenohumeral static stabilizers (capsule and ligaments) and 
the dynamic ones (the rotator cuff units and the scapula- 
thoracic muscles). The concavity compression depends on 
several factors: bone morphology, cartilage thickness, and 
height of the labrum. The thickness of the cartilage at the 
glenoid periphery gives a huge contribution to the concavity 
of the glenoid fossa and thus to stability; its loss is missed by 
CT and x-ray investigations. As these show bone damage, 
even initially, we can assume that half or more of the glenoid 
deepness is lost. 

 The amount of bone insuffi ciency to get the shoulder 
unstable is not well defi ned.  

19.3     Diagnosis 

19.3.1     History 

 The suspicion of signifi cant bone lesions should arise from 
instances of a high-energy trauma, arm abducted over 70° and 
extended, and when the fi rst traumatic episode is followed by 
subluxations for negligible traumas or by apprehension and/
or instability with the arm externally rotated at less than 60° 
of abduction (mid-range post-traumatic instability). Similar 
fi ndings of mid-range instability but without a major trauma 
are typical either in constitutional multidirectional instability 
or in unstable shoulders due to massive cuff tears (the latter 
much more common in older patients).  

19.3.2     Physical Examination 

 Patient examination starts by the inspection of both shoul-
ders, mainly the backside, focusing on muscle atrophy and 
scapular diskinesia. The specifi c tests for anterior instability 
are assessed: anterior load and shift test, anterior drawer test, 
anterior apprehension test, Jobe relocation test (fulcrum test) 
[ 9 ], throwing test, and bony apprehension test. The last one, 
similar to the standard apprehension test, is performed with 
the arm at a 45/60° of abduction; if positive, it means that the 
bony lesion is the cause of instability. The dynamic anterior 
jerk test is usually performed under anesthesia.  

19.3.3     Imaging 

 The West Point radiologic view, tangential to the anterior- 
inferior glenoid margin, is very effective to detect its bony 
defect. Early after the dislocation, the patient’s compliance 
can be inadequate to maintain the position with arm abducted 
at 90°; in this case, the Garth (apical oblique) can be an 

  Fig. 19.1    Posterior glenoid defi ciency evaluated by TC 2D “Pico 
technique”       
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alternative [ 11 ]. The patient is seated with the arm adducted 
and internally rotated; the x-ray beam is tilted 45° caudally 
and from the plane of the scapula. Hill-Sachs lesions as sub-
luxations are thus detected. The Stryker notch view can 
assess the Hill-Sachs lesion and its size and orientation. The 
patient’s hand is placed on top of the head; the x-ray beam 
is tilted 10° superiorly and centered to the coracoid process, 
going through the humerus and aiming the cassette placed 
against the posterior shoulder. 

 The bony lesions were classifi ed by Bigliani into three 
types: displaced avulsion of the glenoid rim along with the 
capsule attachment (type 1), medially displaced fragment 
(type 2), and glenoid rim erosion (type 3). 

 As the presence of bone insuffi ciency is defi ned and the 
surgical procedure has to be set, further imaging exams 
should be carried out in order to properly assess the bony 
lesions at the glenoid and the humeral sides. The arthro-MRI 
is useful to study soft tissue lesions and cartilage damages; 
its role is dominant in the diagnosis of GLAD lesions, 
Bankart or SLAP lesions, HAGL and RHAGL lesions, and 
the articular-sided rotator cuff lesions. Its two-dimensional 
images and the intercut distance, often too big, may underes-
timate the degree of bone loss, losing its signifi cance in the 
evaluation of bone insuffi ciency. The computed tomography 
is the most affordable exam to evaluate bone defects. The 
two-dimensional CT accuracy can be impaired by variations 
in the glenoid version, since the beam should be exactly par-
allel to the glenoid surface. The goal could be impossible in 
individuals with glenoid having different versions among the 
upper and lower glenoid surface, since these come from dif-
ferent ossifi cation centers. Few years ago, in order to study 
bone defects, several authors developed original 2D CT scan 
techniques [ 12 ], since it was more widely available than the 
3D. All these started from Huysmans’ observation [ 13 ] that 
the inferior aspect of the glenoid has the shape of a true cir-
cle. It gets possible to quantify the glenoid lesions. The per-
centage of bone loss is determined by the difference between 
the radius of the best-fi t circle of the intact glenoid surface 
and the one at level of the defect. PICO is the method we are 
still using today, having been using it since its release; we 
now complete the CT study by 3D images. 

 The 3D CT exam reconstruction, indeed, completed by 
images with subtraction of the humeral head, today is the 
gold standard in obtaining information about the extent and 
the pattern of bone injury or loss. Imaging methods quantify 
both the glenoid circle radius defi cit and the defi ciency in 
superior-to-inferior length. 

 The arthroscopic measurement of the glenoid defi cit, as 
suggested by Burkhart, based on the bare spot can be impre-
cise. Kralinger et al. verifi ed by CT that the bare spot is 
about 1.4 mm anterior to the true center of the best-fi t circle, 
 getting the defi cit to be overestimated. Similarly, Huysmans 
demonstrated that the bare spot is not identifi able in all the 

glenoid. The arthroscopic view, on the other hand, gives 
nicely detailed information about the pattern of the insuf-
fi cient glenoid and the extent of the defect. The most com-
mon glenoid shape is pear-like (88 %); facing the oval-shape 
pattern (12 %), the surgeon could overestimate the bone loss. 
Furthermore, he can miss proper information about the osse-
ous fragment, hidden by scar tissue and the attached cap-
sule labrum itself. The anterior-to-posterior glenoid diameter 
measures on average 24–26 mm. As beyond 25 % of bone 
loss, the soft tissue procedures fail; it means that 6–8 mm is 
the borderline to shift to an osseous augmentation procedure.   

19.4     Instability with Bone Defi ciency: 
Treatment 

 There is consensus about the need of surgical treatment for 
patients with bony instability over the nonoperative one, 
with limited exception of some true glenoid fractures: these 
last, indeed, can heal with no consequences to those struc-
tures put at the head of the stability. In the past were used just 
the open techniques as bone augmentation procedures; later 
on, new arthroscopic or combined techniques have been 
described for this purpose [ 14 ,  15 ]. These increase the arma-
mentarium for the treatment of “instability with bone defi -
ciency.” The actual issue is that albeit the arthroscopic 
procedures could allow a detailed examination of all articu-
lar structures, giving evidence of their eventual pathology, 
they are evolving and not yet standardized. Conversely, the 
open techniques allow treatment of just the bone defect and 
the anterior capsule lesions, not the accessory ones. 

 The standard open approach for anterior shoulder insta-
bility procedures is the deltopectoral approach. It is, ideal to 
give access to the anterior structures, not optimal to treat the 
posterior Hill-Sachs lesion. To approach them, the takedown 
of the long biceps and forced maneuvers of internal rotation 
and extension are necessary. This event, when complete 
detachment of the subscapularis is met, can result to muscle 
changes with some postoperative insuffi ciency, crucial in 
case of revision surgery [ 16 ]. Other lesions such as the pos-
terior and superior labrum tears are hidden to the anterior 
operative fi eld. 

19.4.1     Hill-Sachs Defects 

 The defect on the humeral side is one of the two bony pre-
disposing factors (the other being the glenoid defi ciency) 
for recurrence of dislocation after Bankart repair in 
athletes. 

 There is no evidence that the size of the defect is signifi -
cant for stability. Most authors state it is between 20 and 
40 %. Sekya reported that a defect as small as 12 % can 
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somehow be mechanically signifi cant to affect stability [ 17 ]. 
Yamamoto studied the relationship of humeral and glenoid 
contact introducing the concept of “glenoid track” [ 18 ]; then 
recently, Di Giacomo et al. [ 19 ] published the concept of “in 
track” and “off track” of the Hill-Sachs lesion, defi ning the 
latter as the one at risk for dislocation. 

 Nonanatomic procedures are mainly focused on the exter-
nal rotation limitation. The subscapularis and the capsule are 
shortened by doubling them (Putti-Platt) or are detached and 
transferred laterally (Magnuson-Stack). All these can lead to 
osteoarthritis and are not indicated for athletes, since they 
badly affect the external rotation. 

 The humeral osteotomy, as proposed by Weber, is practi-
cally abandoned: performed at the superior margin of the 
pectoralis major attachment, which puts the humeral defect 
somehow away, far from the anterior glenoid rim. 

 Several anatomic techniques have been proposed; their aim 
is to give back convexity to the humeral head. The use of a 
fl uoroscopic-guided humeral tamp, inserted through a cortical 
window just lateral to the biceps groove, to elevate the depressed 
humeral head has been described as other similar techniques 
are described. Several authors suggest to fi ll the humeral defect 
by bone graft through a posterior approach, limited or not, or an 
anterior extended one. The graft is fi xed by headless screws or 
contoured and inserted press-fi t. Graft failure and resorption 
are possible complications. The described mosaicplasty could 
be inadequate since the plugs are unstable. 

 The attempt of reduction under anesthesia of fi xed pos-
terior dislocations with reverse Hill-Sachs lesions limited 
to less than 25 % of the articular surface is possible within 
3 weeks from trauma. In the pattern of fi xed posterior dis-
location, the reverse Hill-Sachs lesions, anterior, are well 
addressed by the standard deltopectoral approach: in these 
cases, the humeral fi lling by graft is often the procedure of 
choice [ 20 ], even in athletes. The large defects, involving 
half humeral head, can be managed by humeral head replace-
ment, partial  (hemi-cap) or not. This should be avoided in 
young patients. The signifi cant defects can be assessed by 
several procedures: the MacLaughlin (the subscapularis 
inserted into the defect) or its modifi cation suggested by 
Neer (the lesser tuberosity is transferred). Subscapularis 
weakness can be the effect of its medialization. 

 The most actual procedure as treatment of the Hill-Sachs 
lesion in the anterior shoulder instability, named “remplis-
sage,” has been proposed by Purchase in 2008: the posterior 
humeral side defect is fi lled by capsule and infraspinatus ten-
don. This refers to the procedure originally proposed by 
Connolly in 1972. 

 The remplissage technique consists of a few steps: 
 freshening the defect’s surface by peeling the cartilage islands 
to the subchondral bone, getting a dense, bleeding surface; 
going to the subacromial space shaving the soft tissues, thus 
obtaining space for the suture tightening; going back inside 

to insert anchors; passing the anchors’ sutures through the 
 infraspinatus and capsule; and tightening the sutures. We skip 
the subacromial step, boring, accepting some few deltoid 
fi bers could be involved within the suture limbs. 

 Several authors support the effi cacy of fi lling the Hill- 
Sachs lesion by the infraspinatus tendon as effective to gain 
stability, but few articles describe its related effects on move-
ment restriction or side symptoms. These aspects are crucial 
when regarding an overhead sportsman, whose performance 
is strictly dependent on the amplitude of the external rotation 
of the abducted arm. Just one level 2 prospective study 
(Nourissat) [ 21 ] compares two groups of patients with 
humeral side defect, without glenoid bone defi ciency: one 
treated by the added remplissage, the other by just the 
Bankart repair. He found limitation of movement at 1 year 
after the remplissage procedure. The mean value of this are: 
ER1 13°, ER2 18.5, forward elevation 14°, and IR 2 vertebra 
levels. Although not statistically signifi cant, there is a slight 
difference with the Bankart procedure alone. One third of 
patients in the remplissage group had residual pain after 2 
years. The author suggests the incomplete tendinous healing 
its cause; conversely we mean that this can be explained by 
the early impingement of the articular side cuff, medialized, 
and the posterior glenoid rim (internal impingement). This 
irritative mechanism is likely to affect overhead elite athletes 
reducing the indication of the infraspinatus tenodesis versus 
the competitor Latarjet procedure.  

19.4.2     Glenoid Defi ciency 

 Most authors state as “signifi cant” the glenoid bone insuffi -
ciency if exceeding the threshold of 20–25 %, hence moving 
from soft tissue procedures to bone augment ones. Off-track 
Hill-Sachs lesions as part of bipolar defect stretch the indica-
tion for glenoid bone augmentation. 

 A “signifi cant” bony fragment produced by an acute trau-
matic dislocation has potentialities of healing in the fi rst week 
post trauma; these lessen by the time. I mean that, at least in 
athletes, at any age, this evidence should lead the surgeon to an 
early repair, reaching a close-to-normal anatomy. These lesions 
can be repaired even though the width is more than 5–6 mm, 
equivalent to a glenoid defi cit over 20–25 % [ 22 ]. In these fi rst 
dislocation episode cases with acute fresh fracture, often the 
capsule has minor lesions: the fragment is separated from the 
glenoid fossa along with the labrum and its attached ligaments 
that are not too much elongated. The anterior glenoid fracture 
frequently comes with the pattern of an osseous fl ap, having 
some continuity with the joint surface by the inferior labrum 
that, conversely, is torn at the proximal level. This allows the 
fragment to spin (Fig.  19.2 ). The stability is achieved by getting 
back the bone continuity, thus the glenoid width. Sutures 
should incorporate and then fi x back the bone fragment.  
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 The unrepaired bony fragment has some resorption, 
even not complete, over time. Anyway, the bone fragment 
should be looked for, even if hidden by scar tissue, in order 
to incorporate it into the repair. It is mandatory to obtain 
stability [ 14 ,  22 ]. 

 The procedures addressing the glenoid contribution to the 
stability can be set in the following two groups – (a) coracoid 
transfer: Bristow or Latarjet, without or with the coracoacro-
mial ligament (Patte), and (b) bone grafts (iliac crest, 
allografts). We later discuss about salvage procedures. 

 The coracoid transfer (Latarjet [ 23 ], Bristow) allows widen-
ing of the glenoid width and, at once, contributes to prevent the 
humeral head from dislocating by the conjoined tendon dynamic 
“sling effect.” The conjoined tendon, indeed, gets the subscapu-
laris acting as capsular reinforcement of the externally rotated, 
abducted arm. The coracoid osteotomy is made at its knee: the 
level of coracoclavicular ligaments (not included). The joint 
access is made by the subscapularis split, done at the lower third 
or at the middle of it; this last is preferred in case of very poor 
capsule in constitutionally lax patients. The scapula neck and 
the coracoid surface are then freshened. The coracoid is fi xed to 
the scapula neck by two screws. Care should be taken in order 
to place the graft at the level of the articular surface or just 
1–2 mm below: when lateral to the joint line, it leads to arthritic 
humeral changes; conversely, when too medial, the stability is 
impaired. The medial edge of the capsule can be repaired at the 
glenoid margin (optional) to get the graft extra-articular. The 
Patte variant provides for fi xing the stump of the coracoacro-
mial ligament to the capsule, reinforcing it. 

 The original procedure is made open, by a deltopectoral 
approach (we suggest slightly medialized). Lafosse published 
the arthroscopic technique [ 24 ]; according to the author, the 
advantages should be the better cosmesis, reduced postopera-
tive pain, and earlier rehabilitation. Boileau described the 
combined arthroscopic Bristow procedure (tip of the coracoid 
transfer) along with the Bankart repair. Latarjet procedure is 
challenging if compared to traditional stabilization ones. Shah 
et al. [ 25 ] recently reported a 25 % complication rate: neuro-
logic injuries, infections, and coracoid healing failure. The 
arthroscopic version is even more challenging, with increased 
risk of complications during the learning curve. 

 Glenoid bone grafting with tricortical iliac crest (Eden- 
Hybinette) can be either assessed arthroscopically [ 26 ,  27 ] or 
open. The iliac crest grafting [ 28 ] can be complicated by lateral 
femoral cutaneous nerve palsy (transient or not), donor site 
pain, and hematoma. It allows treating large glenoid defects. 
Alternative autologous donor sites have been described. 

 Fresh or frozen allografts are alternative sources of bone, 
with no donor site morbidity. 

 Both glenoid and the peroneal sides of the distal tibia pla-
teau can provide viable cartilage (fresh allografts) and can 
match perfectly the articular congruency (Provencher), either 
in anterior or posterior (Millett) glenoid bone defi cit. There 
is potential risk of transmitted disease; the bone healing/inte-
gration is less predictable than for autologous grafts. Actually 
no peer-reviewed articles are available.   

19.5     Postoperative Care and Return 
to Sports 

 High-level athletes have specifi c needs compared to recre-
ational ones. Discussing the treatment and the related rest, 
they can choose to postpone the treatment to the off-sea-
son period. The discussion is carried out with the athlete’s 
coach, trainer, and physiotherapist, sometimes involving the 
patient’s relatives. The use of sport harness or taping dur-
ing sport activities and physical therapy can be a reasonable 
choice. After surgery, the arm is supported by a holder at 
30° of external rotation for 4 weeks. The scapula-thoracic 
muscles are trained even in this period of rest.  

19.6     Discussion 

 In case of attritional bone loss, the pathology is the combined 
bone defi cit along with capsule elongation and, often, labrum 
absence. In this scenario, where the capsule itself is fl imsy, no 
one soft tissue procedure can give guarantees of stability. The 
surgeon should move to a Latarjet one. If the bone defi cit is 
predominant over the ligaments elongation, other “bone aug-
ment” surgeries should be preferred over the coracoid (and 

  Fig. 19.2    Bone fragment spinning in anterior-inferior glenoid 
fracture       
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conjoint tendon) transfer [ 29 ,  30 ]. The meaning is to go back 
to the anatomy if possible, whereas other treatments (Latarjet 
over all) should be considered when this is not possible. 

 Instability episodes produce lesions at opposite sides of 
the “circle”: the main ones in the direction of dislocation, 
due either to push (capsule-ligament, labrum) or impact 
 (glenoid), the others at the rear side due to pull (posterior 
capsule, labrum). The treatment of lesions of just one side 
gets to miss the ones of the opposite side. Since open surgery 
does not approach properly so far surgical fi elds, anterior and 
posterior, we fi gure out that arthroscopy would be the ideal 
technique for managing the complex patterns of instability 
(Fig.  19.3 ). It needs evolving to become more affordable and 
less risky in the bone defi cit management.  

 Each instability episode adds damages to the tissues, 
causing them structural changes; thus, after several disloca-
tions, it can be impossible to restore both gross and structural 
anatomy. Although there are athletes that after the fi rst dis-
location will not redislocate, we are with those surgeons that 
would operate all of them at the fi rst episode: the detached, 
not yet elongated or stretched ligaments, and the labrum 
could be fi xed in their original position, thus getting back 
to the normal anatomy. The dislocation, the main problem 
of instability, is not the only likely symptomatic one. Other 
problems, aside from pain or impaired proprioception, are 
not well known till today but can be consistent, affecting the 
high-demand athlete performance. 

 “Signifi cant glenoid defi ciency” refers to bone and carti-
lage defect. It comes within different scenarios. The follow-
ing descriptions address the main anatomic, thus functional, 
categories:
    (a)     Glenoid fracture with minor ligament damage . We 

 recommend the arthroscopic treatment, freshening the 

scapula neck along with the bone fragment and including 
it into the repair.   

   (b)     Humeral engaging ,  off track Hill-Sachs lesion . The 
choice is the arthroscopic tenodesis of the infraspinatus 
tendon into the defect.   

   (c)    “ Signifi cant ”  bone defect with minor ligament damage . 
It includes both the glenoid defi ciency alone and the 
combination of it with the humeral one. Bone and carti-
lage are both lost at the glenoid side. The glenoid track is 
impaired. The glenoid side treatment is crucial, often 
suffi cient to obtain shoulder stability. The choice is gle-
noid grafting [ 31 ]; the ideal graft should recover bone 
and viable cartilage. Fresh allograft, glenoid or the pero-
neal half of the distal tibia [ 32 ], would fi t perfectly, but 
to date, there are concerns about potential disease trans-
mission, availability, and cost. Reported results support 
the evidence of bone integration, but further investiga-
tions are needed. Frozen grafts cannot guarantee viable 
cartilage. The bone resorption can cause the fi xation 
screws exposure then the risk of humeral head sublux-
ation and damage. Alternative to them is the tricortical 
iliac crest autograft. The potential complications of the 
donor site are pain, hematoma, and femoral cutaneous 
lateralis nerve palsy (transient or permanent). Other 
aspects lessen the surgeon’s compliance around the iliac 
crest graft, as the need of two surgical fi elds and related 
patient positioning. Another suggested autologous graft 
is the lateral clavicle.   

   (d)     Signifi cant bone defect associated to severe ligament 
damage . The procedure of choice is the coracoid transfer 
with its attached conjoined tendon. It gives dynamic sta-
bility by forcing the distal subscapularis unit against the 
humeral head when the arm is externally rotated and 
abducted. According to the capsule fi xation, at the glenoid 
rim or outside, the coracoid can be inside the joint or 
external. This is a nonanatomic procedure [ 33 ]. Its great 
value is the low rate of dislocation recurrences. Collision 
and contact in young male athlete population has the max-
imum benefi t from it. The open, anterior approach to the 
shoulder misses the side lesions (posterior and superior 
labrum and biceps, articular-sided cuff lesions) (Fig.  19.4 ). 
The weak aspects of the arthroscopic technique, challeng-
ing even for experienced surgeons, are two. The minor 
one is the diffi culty to retract the subscapularis tendon, the 
superior and inferior half, in order to have adequate access 
to the joint. The major problem is the diffi culty to fi x the 
screws, and therefore the graft, parallel to the glenoid sur-
face. This is due to the scapula joint line and neck orienta-
tion, as they are rotated anteriorly around the chest wall; it 
prevents the optimal screwing direction from an anterior 
approach. If these problems are overcome, the arthroscopic 
technique will be of choice, allowing the treatment of the 
multiple lesions of the unstable shoulder. The assumption 

  Fig. 19.3     Complex pattern of instability : ( α ) severe anterior glenoid 
defect; ( β ) Hill-Sachs lesion; ( γ ) SLAP lesion extended at the distal 
posterior labrum       
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that the arthroscopic technique gives better cosmesis, 
reduced postoperative pain, and earlier rehabilitation is 
not supported by evidences.      

19.6.1     Indication to the Latarjet as Procedure 
of Choice According to the Severity 
Index Score Should be Regarded 
with Extreme Caution 

 The thesis supporting this score validity stands on the incor-
rect assumption that the arthroscopic Bankart technique, the 
Latarjet one, is compared to the arthroscopic gold standard. 
The Boileau study was carried out between 1999 and 2002. 
The anchors used were Panalok, loaded each one by a single 
PDS 2 suture: it means that resorbable anchors were loaded 
by resorbable sutures! High-resistance sutures were not avail-
able in those years. No one surgeon today would  support the 
thesis that this specifi c arthroscopic technique,  challenging 
the Latarjet technique, is the actual arthroscopic gold  standard. 
This bias undermines the reliability of his study.
    (e)     Revision cases . The old techniques of external rotation 

restriction (Magnuson-Stack, Putti-Platt, Delitala) main-
tain a role, very seldom, in selected revision cases of 
Latarjet procedure, but they are affected by an unaccept-
able rate of arthritic changes. The iliac crest grafting best 
treats most of the bony instability failures [ 34 ]. Lenny 
Johnson suggested the upper subscapularis tenodesis [ 35 ] 
as benefi cial for stability; recently Maiotti and Massoni 
[ 36 ] supports this technique even for primary surgeries. 
We do not recommend it for the likely arthritic evolution.     

 The aspect of instability with bony lesions is a manifold 
problem. Patient expectations often exceed the realistic pos-
sibilities of surgery and rehabilitation. A variable amount of 
mobility is lost. This can affect or not the athlete perfor-
mance, according to the sport. The specifi c sport activities 
are restricted for months, up to 1 year, after surgery. 

 The best surgery is the one addressing the multiple lesions 
in that specifi c individual. The shoulder surgeon should be 
trained to properly manage various surgical techniques in 
order to adapt himself to the patient needs, not vice versa.      
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20.1             Introduction 

 Instability is a pathological condition characterised by dis-
comfort or pain associated with excessive translation of the 
humeral head over the glenoid cavity during active mobilisa-
tion of the shoulder. 

 Classifi ed on the basis of pathogenic mechanisms and 
pathoanatomical, clinical and therapeutic features, instabil-
ity is distinguished into the three following groups:
•     TUBS  (traumatic, unilateral, Bankart, surgery)  
•    AMBRI  (atraumatic, multidirectional, bilateral, rehabilita-

tion, inferior capsular shift) and  AMSI  (atraumatic, minor, 
shoulder, instability)  

•    AIOS  (acquired, instability, overstressed, surgery)    
 AMBRI, AIOS and AMSI are defi ned as  minor instabili-

ties  and are characterised by a smaller translation, often not 
perceived by the patient. 

 In most cases the diagnosis is complex because the symp-
toms are so severe that they interfere with the clinical tests, 
and imaging may be negative.  

20.2     Mechanism of Injury: Overhead 
Movement 

 Overhead movement (throwing in baseball, spiking in volleyball, 
arm stroke in swimming) is a forced action in abduction and 
external rotation, with features that vary depending on the sport. 

 It is the result of a fi ne organisation of numerous muscular 
districts that coordinate with one another in kinetic chains. 

 An overhead movement that is characteristic of a certain 
sports role and performed repetitively by the player can pro-
gressively damage, through repeated microtraumas and in 
the presence of other concomitant conditions, the structures 
involved in glenohumeral stabilisation, thus becoming the 
main cause of microinstability in the athlete. 

 The pathogenesis of microinstability is related to the 
force and frequency of the movement. 

 Professional swimmers cover an average distance of 
10 km per day, equal to 4,000 strokes/day [ 1 ]. 

 Spiking is the most explosive movement made by a volley-
ball player. The ball can reach a speed of 28 m/s. Professional 
players train for 16–20 h per week, and spikers can repeat the 
movement even more than 40,000 times in a season [ 2 ]. 

 Angular velocity during baseball pitching is 7,000° per 
second, probably the fastest recorded human movement [ 3 ]. 

 A baseball pitcher’s, or a quarterback’s, throw expresses 
forces equal to 1/1.5 times the player’s body weight [ 4 ].  

20.3     Pathogenesis 

 The various lesions may occur isolated or in combination, 
according to an aetiopathogenic basis that is still being 
investigated: 
     1.    Most probably, the fi rst abnormality that triggers the cas-

cade of events is a tendinopathy due to fatigue of the 
external rotator cuff muscles, caused by repetitive eccen-
tric microtraumatic contractions during the deceleration 
phase of the overhead movement [ 5 ].   
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   2.    This fatigue places strain on the underlying capsule, caus-
ing a posterior [ 4 ] or posteroinferior [ 6 ] capsular contrac-
ture and consequent decrease in internal rotation.     

       3.    Posterior stiffness and the resultant internal rotation defi -
cit gradually lead to a posterosuperior translation of the 
humeral head, known as hyperangulation [ 7 ].     

       4.    Hyperangulation on the one hand entails a greater loading 
phase of the throw with evident increase in force and, on 
the other, a delicate balance:
    (a)    The stabilisation complex is, in fact, repeatedly taxed 

by numerous attempts to withstand also greater ten-
sile stresses in external rotation, predisposing the 
capsule to anterior laxity (Fig.  20.1 ) [ 9 ].   

   (b)    The movement, which is violent, repeated over time 
and now capable of increased external rotation in 
abduction, causes a greater torsion of the biceps 
anchor with more strain being placed on the anchor 
itself and on the posterior glenoid labrum [ 10 ].          

 This mechanism, known as “peel back”, may lead to a 
potential detachment of the posterior biceps anchor (poste-
rior SLAP II lesion) or the extension of a previous injury. 

 This SLAP lesion may also occur during the deceleration 
phase of the throw [ 11 ]. 

Sup

IS

Tm

IGHL

LHB

MGHL

Sub

SGHL

  Fig. 20.1    Hyperangulation entails a greater loading phase of the throw 
with evident increase in force (like a catapult) but also a delicate bal-
ance: the stabilisation complex is, in fact, repeatedly taxed by numerous 
attempts to withstand also greater tensile stresses in external rotation, 
predisposing the capsule to anterior laxity.  Tm  teres minor, 
 Is  infraspinatus,  Sup  supraspinatus,  Sub  subscapularis,  LHB  long head 
biceps,  SGHL  superior gleno humeral ligament,  MGHL  medium gleno 
humeral ligament,  IGHL  inferior gleno humeral ligament       

 Consequences 

 The two aspects discussed above are biomechanically 
very similar, but they occur on different tissue sub-
strates: muscle and capsule. 

 24 h after an overhead sporting event, there is a 
reversible decrease in internal rotation [ 4 ] probably of 
a muscular nature. 

 12 weeks of an overhead sport [ 5 ], such as tennis 
and baseball, are suffi cient to cause a persisting defi cit 
in internal rotation, probably of a capsular nature. 

 Consequences 

 Cadaver studies have reported lengthening of the ante-
rior band of the inferior glenohumeral ligament [ 12 ] and 
a consequent increase in anteroinferior translation capa-
bility [ 13 ] as well as (further) external rotation capabil-
ity, with a decline in performance and the onset of pain. 

 A SLAP lesion also leads to a posterosuperior 
instability which, combined with repetitive movement 
in abduction- external rotation, results in a progressive 
posterior insertional stress of the supraspinatus and its 
progressive surrendering. 

 The greater external rotation and the more posterior 
position of the humeral head increase the likelihood of 
the overhead motion causing pinching of the cuff 
between the posterior glenoid rim and the greater tuber-
osity, which is located posteriorly during external rota-
tion plus abduction, resulting in internal impingement. 

 Even though there is no consensus in the literature 
in this respect, the internal impingement could cause 
an intra- articular lesion of the posterior cuff and cor-
responding rim, with worsening of the SLAP lesion. 

 A cadaver study has demonstrated the importance 
of the rotator interval in anterior, as well as posterior 

 Consequences 

 In this new position, the humeral head is capable of 
greater external rotation. 

 This could be a compensatory mechanism of the 
shoulder to counterbalance the internal rotation defi cit 
and preserve total range of motion. The result is a 
counterclockwise shift of range of motion for the right 
shoulder and clockwise for the left shoulder. 

 Studies have reported an increase in external rota-
tion in professional tennis players 4–6 months after the 
beginning of the season [ 8 ] and a 5° increase in external 
rotation in baseball players at the end of the season [ 4 ]. 
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20.4        Role of the Scapulothoracic Joint 

 A positive correlation has been demonstrated between posi-
tional abnormalities of the scapula and overhead sports [ 4 ,  15 ]. 

 Several studies, analysing the infl uence of pain and 
fatigue on the shoulder girdle muscles [ 16 ,  17 ], found a 
decrease in posterior tilt and an increase in clavicular retrac-
tion on anterior elevation of the arm. 

 Conversely, confl icting results have been reached with 
regard to lateral scapular rotation and protraction. 

 Several authors believe that the former increases from 
pre- to post-fatigue [ 16 ]. 

 Protraction, on the other hand, is thought to increase post- 
fatigue (wind up) [ 15 ,  18 ]. 

 Considering muscular activity, studies have demonstrated 
a delayed and decreased activation of the middle and lower 
trapezius and serratus anterior, an increased activity of the 
upper trapezius [ 19 ] and increased activity of the infraspina-
tus during the descending, hence eccentric, phase as a prob-
able compensatory mechanism. 

 The upper and lower trapezii constitute a major force cou-
ple: A decrease in the activity of the lower trapezius coupled 
with increased activity of the upper trapezius can cause cra-
nial translation of the horizontal scapular axis, with an 
increase in the likelihood of impingement [ 20 ]. 

 This may contribute to the decrease in posterior tilt and 
external rotation, reducing the subacromial space and further 
increasing the risk of impingement. 

 It is likely that a change in the mutual position of the scap-
ula and humerus [ 21 ], by causing a misalignment of tendon 
structures, affects their length/force ratio. 

 Further studies are required to demonstrate a causal link 
between dyskinesia and microinstability, possibly through 
an assessment of athletes pre- and postseason [ 15 ]. 

 It is not clear whether the compensatory scapular posi-
tioning and hyperangulation can increase or reduce the risk 
of subacromial impingement.  

20.5     The Proprioceptive System 

 The proprioceptive system is also involved in this cascade of 
events, in both the short and long term, decreasing reversibly 
during a single sporting event and returning to pre-fatigue 
values after 10 min [ 22 ].  

20.6     Pathological Anatomy 

 The pathological anatomy of microtraumatic instabilities 
may affect the entire glenohumeral labral-ligamentous- 
tendinous complex. 

  The Head 
 The humeral head often assumes a more anterior position 
with respect to the horizontal axis of the body [ 23 ].  

 An intense overhead activity between the ages of 13 and 
16 years may block the physiological process of humeral 
head anteversion, by enhancing its retroversion [ 24 ]. 

  The Glenoid 
 Changes in glenohumeral kinematics refl ect on the density 
of glenoid subchondral bone. In overhead athletes, this den-
sity is apparently increased in the anteroinferior, posterosu-
perior and inferior segments [ 25 ].  

  SLAP 
 The upper portion of the labrum may show a variety of 
lesions, often specifi c to type of sport played. Recognition of 
these lesions could have important therapeutic and prognos-
tic implications [ 26 ].  

  Fig. 20.2    Arthroscopic image of a typical associated lesion in the 
overhead athlete: SLAP lesion and injury to the articular surface of the 
rotator cuff       

and inferior, instability, suggesting that the mechanism 
of injury is ascribable to an anterosuperior sliding of 
the head, resulting from an insuffi cient interval [ 14 ]. 

 In overhead athletes, the pain related to instability is 
due to contact between the articular surface of the cuff 
and the anterior-superior labrum. 

 The combination of lesions affecting these two 
structures is known as a SLAC (superior labrum ante-
rior cuff) lesion (Fig.  20.2 ).  

 

20 Shoulder Microtraumatic and Atraumatic Instability



150

  Others 
 It is easy to hypothesise also other alterations affecting the 
spine, the appendicular and trunk muscles and the soft 
tissues.   

20.7     Clinical Presentation 

 The symptoms reported by overhead athletes are related to 
the cascade of events described by Morgan [ 10 ]. 

 Initially, the athletes may have subjective and objective 
perception of reduced throwing speed (without pain) and 
resulting decrease in performance: dead arm syndrome. 

 They may then develop vague pain and discomfort not 
otherwise specifi ed. 

 This may be followed by pain due to internal 
impingement. 

 In the final phase of the cascade, mechanical symp-
toms may develop as a result of the development of pos-
terior or posterosuperior labral lesions and rotator cuff 
dysfunction [ 27 ]. 

 Anterior coracoid pain [ 3 ] and bursitis secondary to kine-
matic alterations of the scapulothoracic joint have also been 
reported. 

 Involvement of the long head of the biceps, although rare, 
may occur during preparation for the sports season, when the 
limb is not yet ready for major stresses [ 4 ]. 

 Finally, apprehension and a sensation of subluxation and/
or secondary defi cits affecting the arm and forearm muscles 
may develop as further symptoms of instability.  

20.8     Diagnosis 

 The approach to shoulder disorders is very complex, with 
only diagnostic imaging having provided the solution to 
many problems. 

 After history taking, inspection may reveal postural and/
or spinal abnormalities. 

 A common fi nding is hypertrophy of the dominant shoul-
der or dropped scapula [ 18 ] caused by lengthening of the 
static and dynamic stabilisers that are intensely used in 
athletes. 

 Palpation, whenever possible, should include structures 
such as the posterior glenohumeral joint line, the subacro-
mial space, the greater tuberosity, the acromioclavicular 
inter-joint space and the groove. 

 Laxity is often a general pre-existing condition in over-
head athletes which predisposes to or exacerbates the symp-
toms and should always be assessed. 

 The usual tests are considered valid (thumb, fi fth fi nger, 
elbow) and laxity may also be quantifi ed according to the 
Brighton scale. 

 Shoulder ROM is then assessed, for which the mean val-
ues for the dominant arm of an asymptomatic athlete are as 
follows:
   External rotation at 90° abduction 129–137° (7–9° > of non-

dominant arm)  
  Internal rotation at 90° of abduction 54–61° (7–9° < of non-

dominant arm)  
  TROM (total ROM) 183–198° (equal to nondominant arm)    

 The relationship between GIRD (glenohumeral internal 
rotation defi cit) and TROM is fairly controversial. 

 Two types of GIRD have been suggested [ 28 ]:
    1.    Diminished internal rotation, unchanged or slightly 

increased external rotation and symmetrical TROM   
   2.    Diminished TROM (pathological)    

  The literature suggests treating only pathological GIRD 
and, in particular, those cases characterised by TROM of 
dominant arm less than 5° when compared to the nondomi-
nant arm [ 29 ], since these are more likely to be affected by 
lesions or progression of the cascade: Treatment of non- 
pathological forms could further reduce shoulder stability. 

 It is important to remember that, even though symmetri-
cal TROM suggests a non-pathological GIRD, it should 
nonetheless be considered a non-physiological condition 
indicating a neglected shoulder, and for this reason, it 
deserves continuous monitoring. 

 Assessment of the scapulothoracic joint follows, and 
scapular behaviour is tested statically and dynamically (we 
recommend having the patient repeat the movement several 
times and assessing both the concentric and eccentric phase) 
in all its phases. 

 Evaluation of strength is very diffi cult because the tests 
are often infl uenced by pain. 

 The bursae are more easily assessed: The patient lies 
prone on the examining table and is invited to place the back 
of the hand behind the back. This position will cause raising 
of the scapular medial margin facilitating the direct approach 
to the bursae for palpation and possible infi ltration. 

 Stability testing: Many authors believe that the stability of 
a shoulder should be assessed in three directions, so that at 
least three tests are required (sulcus test, drawer test, 
Lachman test, fulcrum test). 

 The Lachman and fulcrum tests are the most important 
for evaluating stability in that they simulate the conditions of 
the throw [ 4 ]. 

 The apprehension test is not really useful in overhead ath-
letes, in that it assesses evident gross instabilities, while the 
subluxation/relocation test is better for assessing more subtle 
forms [ 30 ]. 

 When performing tests for anterior and posterior instabil-
ity, it is crucial to take into account the inclination of the gle-
noid plane, so the tests should be performed at 30° of fl exion. 

 In addition, the test for anterior stability should be per-
formed at different degrees of abduction, so as to evaluate 
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the different stabilisation structures: at ca. 30° for the supe-
rior glenohumeral ligament, at ca. 60° for the middle liga-
ment and at ca. 90° for the inferior ligament. 

 As regards posterior instability, the only structure that 
needs to be assessed is the posterior band of the inferior gle-
nohumeral ligament, so the test should be performed at 90° 
of abduction. 

 Tests for the rotator cuff tendons and internal impinge-
ment are then performed (e.g. the Kibler retraction test). 

 A clinical diagnosis of SLAP lesion is not easy. 
 The literature agrees that conceptually valid tests should 

reproduce the supposed mechanism of injury, so in the case 
of overhead athletes, the peel back (biceps load and modifi ed 
biceps load, pain provocation and resisted supination) [ 27 ].  

20.9     Imaging Investigations 

 Plain radiography can reveal typical fi ndings, such as radio-
graphic alterations of the greater tuberosity (cysts and/or sclero-
sis), osteochondral defects located close to the point of insertion 
of the supraspinatus (posterior humeral geode) or Bennett 
lesions (extra-articular ossifi cations of the posterior capsule 
probably due to protracted stresses on the capsule itself) [ 27 ]. 

 The diagnosis is completed with contrast-enhanced mag-
netic resonance (MR) imaging, which enables visualisation 
of cuff tears and SLAP lesions. 

 The differential diagnosis includes pathological condi-
tions of nervous and vascular aetiology.  

20.10     Therapy and Return to Competitive 
Activity 

 We recommend to monitor the athlete throughout the com-
petitive season:
•     Prevention : There is agreement in the literature that athletes 

who perform stretching exercises during the season do not 
develop ROM changes throughout a 4-month season [ 22 ]. 
 However, some believe that stretching alone is not suffi -
cient and should be associated with attention to prepara-
tion techniques [ 24 ].  

•    Early diagnosis : This enables early detection of the signs 
of microinstability, both motor and proprioceptive, so that 
progression of the cascade can be prevented [ 5 ].
    ROM changes:  Only retracted capsulomuscular structures 

should be treated. Treatment of non-retracted structures 
might worsen the instability [ 31 ]: sleeper and cross-body 
stretches for the capsule and posterior muscles, corner 
stretches, sitting stretches and manual stretching for the 
lesser pectoral [ 13 ], with assessment at 4 weeks [ 27 ].  

   Onset of pain : it is recommended to interrupt all athletic 
activity and provide pharmacological pain relief, 

 cryotherapy and physical therapy (ionophoresis, laser 
therapy, ultrasound, TECAR therapy, magnetotherapy). 

 Once the pain has subsided, kinematics can be reorgan-
ised by physical therapy.  

   Dyskinesias : The treatment of dyskinesias is perhaps the 
greatest challenge for the physician, as it is not easy to 
relate the dyskinesia to the appearance of pain. 

 Continuous monitoring of the patient and the fi nding 
of a recent-onset dyskinesia assist in treatment 
decisions.       

 Treatment is initiated after having stabilised the kinetic 
chains, core, posture, head position [ 32 ] as well as all the 
“non-shoulder” joints involved in the overhead motion [ 33 ]. 

 Once the various districts have been appropriately 
strengthened, exercises simulating the overhead movement 
should be planned [ 32 ].
    Impingements : we believe that physical therapy targeted at 

correcting kinematics can also benefi t any possible 
impingement (subacromial and/or posterior), as these are 
purely functional [ 17 ].  

   Cuff : the choice of treatment for rotator cuff tendons is 
related to the degree of injury.  

   Long head of the biceps : this is treated by suspension of 
athletic activity and stabilisation of the scapulothoracic 
joint.  

   Bursitis : good results have been achieved with infi ltrations 
[ 3 ].  

   Instability : the current literature is not very exhaustive on 
the subject. Shoulder stabilisation requires the synchro-
nous functioning of the static and dynamic stabilisers, 
and when this balance is missing, instability results. 
Treating the instability means increasing strength and 
resistance of the static and dynamic stabilisers and neu-
romuscular control [ 27 ]. 

 Should surgical treatment fail, an arthroscopic capsular shift 
followed by a rehabilitation protocol is necessary.  

   SLAP Lesion : in the overhead athlete, this is a severe event 
carrying a negative prognosis.  

  Treatment choices are related to the supposed lesion type:
   SLAP I lesions are best treated conservatively.  
  SLAP II lesions require arthroscopic stabilisation of the 

biceps anchor and tendon, whereas stabilisation of the 
anchor in SLAP III lesions depends on its 
involvement.       

 With regard to postoperative rehabilitation, the authors 
believe it is fundamental to be aware of the mechanism of 
injury: Where the SLAP lesion was caused by compression, 
all exercises involving compression should be avoided; for 
lesions caused by traction, eccentric contractures should be 
avoided; in peel-back lesions, all exercises in abduction and 
external rotation should be avoided [ 4 ]. 

 Finally, correct posture, kinematics, proprioception and 
eventually the athletic movement should all be restored.     
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21.1             Etiology 

 Posterior instability of the shoulder is a rare clinical  condition 
with a prevalence of 1.1 in 100,000 [ 1 ] and an incidence rang-
ing from 2 to 10 % in the general population [ 2 – 4 ]. Higher 
incidence rates are found in football and rugby players, 
weight lifters, paddling sports athletes, wrestlers, climbers, 
and young athletes in general. 

 Recurrent posterior instability is best viewed as a syndrome 
whose pathological processes are incompletely understood 
and where multiple predisposing factors may coexist in the 
same patient [ 5 ]. Factors that may play a role separately or in 
combination can be divided into bony and soft tissue abnor-
malities, which in turn may be traumatic or congenital. 

21.1.1     Bony Abnormalities of the Glenoid 

•     Glenoid hypoplasia. Glenoid hypoplasia, or dysplasia of 
the scapular neck, is usually a bilateral, symmetric fi nd-
ing. It may be associated with hypoplasia of the humeral 
head, an elongated glenoid cavity, and/or an altered cora-
coid or clavicle shape [ 6 – 8 ].  

•   Posterior glenoid rim defi ciency. This abnormality is 
defi ned as localized hypoplasia of the posterior glenoid, 
whose shape is round (J) or triangular (delta). It has 
been postulated as a cause of glenohumeral (GH) insta-
bility [ 9 ,  10 ]. A bony defi ciency of the posterior-infe-
rior glenoid rim with a craniocaudal length exceeding 
12 mm may determine recurrent (atraumatic) posterior 
instability [ 11 ].  

•   Glenoid retroversion. Patients with posterior shoulder 
instability may show evidence of glenoid retroversion. 
Retroversion is excessive if the angle is greater than −7° 
in the sagittal plane [ 12 ]. It has been calculated that every 
additional 1° of retroversion increases the risk of poste-
rior instability by 17 % [ 13 ].  

•   Reverse bony Bankart lesion. A fracture of the posterior- 
inferior glenoid rim may occur after a posterior GH dislo-
cation. Similar to the anterior lesion, malunion with a 
medialized posterior fragment can cause post-traumatic 
posterior instability.     

21.1.2     Bony Abnormalities 
of the Humeral Head 

•     Reverse Hill-Sachs fracture. It is an anteromedial humeral 
head compression fracture after posterior humeral 
dislocation.    
 It is unclear whether glenoid bony changes such as retro-

version precede posterior instability or whether instability 
itself induces the bone changes [ 14 ].  

      Posterior Shoulder Instability 
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21.1.3     Soft Tissue Abnormalities 

•     Labrum. Isolated labral tears can be classifi ed into four 
types according to Kim (Table  21.1 ). Labral tears are fre-
quently accompanied by stretching of the posterior- 
inferior aspect of the capsule. A paraglenoid labral cyst 
may be found in association with muscle denervation due 
to compressive neuropathy.

•      Posterior labrocapsular periosteal sleeve avulsion 
(POLPSA). This lesion is characterized by stripping of 
the posterior labrum and the intact posterior scapular peri-
osteum from the glenoid; the avulsion creates a redundant 
recess that communicates with the joint space [ 15 ,  16 ].  

•   Bennett lesion. This is an extra-articular curvilinear calci-
fi cation along the posterior-inferior glenoid near the 
attachment of the posterior band of the inferior GH liga-
ment (IGHL) [ 17 ]. POLPSA lesions are suspected to be 
the acute stage of a Bennett lesion [ 16 ].  

•   Posterior humeral avulsion of the GH ligament (PHAGL). 
A PHAGL lesion is one where the posterior IGHL has 
been avulsed from its humeral attachment.  

•   Floating PHAGL. This very rare condition is a combina-
tion of a PHAGL and a reverse Bankart lesion.  

•   Stretched posterior capsule. Recurrent subluxations or 
dislocations can stretch the capsule, giving rise to a patho-
logical posterior-inferior capsular pouch. The excessive 
capsular laxity and the capsular recess may be the pri-
mary lesion in patients with atraumatic instability [ 18 ].  

•   Accompanying lesions including SLAP tears, superior 
GH ligament tear and medial GH ligament, and an 
enlarged axillary pouch are found in patients with poste-
rior shoulder instability [ 19 ].      

21.2     Mechanism of Injury 

 The causes of posterior instability range from acute trau-
matic injury to repetitive microtrauma and a nontraumatic 
etiology [ 5 ,  20 ,  21 ]. Treatment requires correct identifi cation 
of pathogenesis. 

 Repeated microtrauma to the posterior structures of the 
shoulder induced by repetitive bench press lifting, overhead 
weight lifting, rowing, swimming, playing as blocking 

 lineman in football, and all sport activities involving a load 
borne in front of the body are the most frequent causes of 
posterior instability. In overhead athletes loading of the 
shoulder in fl exion and IR causes stretch and injury of the 
posterior IGHL and posterior-inferior joint structures. This 
induce a progressive posterior laxity. Patients seldom 
remember a particular movement or situation that caused 
the symptoms. 

 Acute traumatic posterior dislocation commonly involves 
a direct load on the fl exed and internally rotated shoulder. It 
is typically related to a high-energy trauma (e.g., motorcycle 
accident), electrocution, seizure, or high-weight bench press 
exercises. A nontraumatic pathogenesis is rare. Patients with 
generalized ligamentous laxity are predisposed to posterior 
instability [ 14 ].  

21.3     Clinical Examination 

 Patients with posterior instability usually report general 
shoulder pain or pain deep in the posterior aspect of the 
shoulder [ 22 ,  23 ]. The pain can be associated with loss of 
strength and decreased athletic performances, such as 
reduced bench press capacity or inability to do the same 
number of push-ups [ 5 ,  24 ,  25 ]. In these nonspecifi c condi-
tions, it is important to avoid confusing posterior instability 
with outlet impingement, biceps injuries, or myofascial 
disorders. 

 A common fi nding in patients with posterior instability is 
impaired scapulothoracic mechanics, due to rotator cuff 
imbalance which is related especially to the subscapularis. 

 Some patients can subluxate their shoulder voluntarily. 
This is a complex therapeutic situation where it is crucial 
to differentiate voluntary positional instability from volun-
tary muscular instability [ 23 ]. The former condition con-
sists of subluxation in a provocative position; these 
subjects are not gratifi ed by their ability to subluxate the 
shoulder, unlike those with willful voluntary instability, 
who have learned to subluxate their shoulder and do it 
habitually. Voluntary muscular instability is non-position-
dependent and suggests ligamentous laxity or muscle 
imbalance and should not be considered as a form of true 
posterior instability. 

 Clinical examination plays a crucial role in the diagno-
sis of posterior instability. The patient usually reports 
nonspecifi c symptoms and the condition is often misdiag-
nosed. As in all instances both shoulders need to be evalu-
ated for appearance, motion, muscle tropism, muscle 
strength, scapular tracking, and neurovascular status, 
including the axillary nerve, to elicit symptoms of poste-
rior instability. 

   Table 21.1    Kim classifi cation system for posterior labral tear [ 27 ]   

 Type  Description 

 1.  Incomplete detachment 
 2.  Incomplete and concealed avulsion (Kim lesion) 
 3.  Chondrolabral erosion 
 4.  Flap tear 
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 Range of motion (ROM) is often normal and symmetric 
[ 21 ]. Some patients may present increased external rotation 
(ER) and a slight loss of internal rotation (IR). 

 A number of specialized tests are especially useful for a 
correct diagnosis:
•    Apprehension test: an axial load is applied to the fl exed, 

adducted, and internally rotated shoulder [ 21 ]. The test is 
positive if the patient experiences pain and a feeling of 
instability.  

•   Jerk test: the examiner standing next to the affected shoulder 
holds the elbow in one hand and the distal clavicle and scap-
ular spine in the other. The arm is fl exed and internally 
rotated. The examiner pushes the fl exed elbow posteriorly 
and the shoulder girdle anteriorly (Fig.  21.1 ). The test is 
positive if a sudden jerk associated with pain occurs as the 
subluxated humeral head relocates in the glenoid fossa [ 26 ].   

•   Kim test: it is performed with the patient seated and the 
arm in 90° of abduction. An axial load is applied and the 
arm is slowly brought in forward elevation (Fig.  21.2 ). 
The test is positive if the patient experiences pain and a 
posterior subluxation [ 27 ].  

•  A combination of positive Kim and jerk tests has 97 % 
sensitivity for posterior instability [ 27 ].  

•   Posterior stress test: with the patient seated, the examiner 
stabilizes the medial border of the scapula and applies a 
posterior force with the arm in 90° forward fl exion, 
adduction, and IR. The test is positive if the shoulder sub-
luxates or dislocates with pain and/or apprehension.  

•   Load and shift test: with the patient supine and the arm in 
forward fl exion and abduction, the humeral head is 
loaded while anterior and posterior stresses are applied 

(Fig.  21.3a, b ). Excessive inferior translation of the 
humerus on the glenoid is often associated with posterior 
subluxation [ 22 ].   

•   Sulcus test: a downward traction is applied with the 
patient seated and the arm at the side in neutral position. 
The test is positive if a sulcus (depressed area) appears 
lateral or inferior to the acromion. A positive test may 
suggest inferior GH instability [ 2 ,  22 ,  28 ].     

21.4     Diagnostic Imaging 

 Diagnostic imaging is crucial to detect direct and indirect 
signs of posterior instability. 

 Plain radiographs including an anterior-posterior view, a 
true anterior-posterior view (Grashey view), a scapular (Y) 
lateral view, and, especially, an axillary lateral view provide 
essential information about glenoid and humeral head mor-
phology and the presence of any bone defects. 

 CT scans are useful to evaluate bony morphology, par-
ticularly small bony defects or fractures such as reverse 
bony Bankart lesions. Three-dimensional reconstructions 
are very useful for preoperative planning. CT is endowed 
with 86.7 % sensitivity and 83.3 % specifi city for posterior 
glenoid bone loss [ 29 ]. 

  Fig. 21.1    Jerk test: the patient is standing, the arm is fl exed and inter-
nally rotated, and the examiner pushes the fl exed elbow posteriorly and 
the shoulder girdle anteriorly. The test is positive if a sudden jerk asso-
ciated with pain occurs       

  Fig. 21.2    Kim test: An axial load is applied on the arm in 90° of abduc-
tion and slowly brought in forward elevation ( white arrows ). The test is 
positive if the patient experiences pain and a posterior subluxation       
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 Magnetic resonance imaging (MRI) and arthrography 
(MRA) accurately detect soft tissue injuries, in particular 
capsule lesions and partial or complete labral tears 
(Fig.  21.4 ). MRA is highly sensitive and specifi c for labral 
tears (91.9 and 96 %, respectively), SLAP lesions (89 and 
93.8 %, respectively), and Hill-Sachs fractures (93.3 % 
accuracy) [ 30 ].   

21.5     Treatment Strategy 

 The treatment of posterior instability in athletes depends on 
symptom severity, including pain intensity, degree of impair-
ment of athletic performance, and pathological features of 
the joint lesion. All athletes should be encouraged to under-
take conservative treatment including physical therapy and 
rehabilitation as an initial approach [ 20 ,  31 ]. An appropriate 
program of strengthening and proprioception exercises can 
reduce pain and improve stability in most cases of posterior 
and multidirectional instability [ 20 ,  31 ]. Subjects with 

a b

  Fig. 21.3    ( a, b ) Load and shift test: the arm is placed in slight fl exion and abduction (20°); the humeral head is loaded while anterior and posterior 
stresses are applied       

  Fig. 21.4    Contrast-enhanced magnetic resonance (MR) of the left 
shoulder depicting a posterior labral detachment ( white arrow ) in a pro-
fessional volleyball player       
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 ligamentous laxity and repetitive microtrauma may benefi t 
from physical therapy [ 21 ], whereas conservative treatment 
is less successful in patients with a history of shoulder joint 
trauma [ 20 ,  21 ,  31 ]. To our knowledge there is no evidence 
in the literature for the ability of braces or orthoses to prevent 
recurrence during games/matches. 

 Patients with clear symptomatic posterior labral injury 
rarely respond to conservative treatment and are therefore 
candidates for surgical management [ 14 ,  32 ]. If nonoperative 
treatment fails to restore joint stability and reduce pain dur-
ing sport activities, surgery followed by an appropriate post-
operative rehabilitation program is recommended. Voluntary 
posterior dislocation is a contraindication for surgical stabi-
lization [ 33 ], even though arthroscopic stabilization seems to 
afford satisfactory outcomes [ 34 ]. Voluntary or posterior 
instability is not uncommon in professional swimmers and 
gymnasts, who have multi-joint capsule and ligament laxity 
[ 35 ]. Some of these patients may move from posterior posi-
tional to voluntary instability; in positional instability the 
humeral head subluxates posteriorly when the arm is 
abducted over 90° and relocates spontaneously when the arm 
returns along the side [ 33 ]. 

 In our view management of posterior instability includes 
nonoperative treatment for at least 6 months for in-season 
athletes who complain of pain and a moderate feeling of 
instability but can tolerate training and competition. 
Considering that most of these athletes complain of pain and 
subluxation rather than complete dislocation, we recom-
mend postponing surgery after the season, when postopera-
tive rehabilitation and shoulder training programs are easier 
to follow. This strategy is consistent with methods described 
by other colleagues [ 36 ] and is the result of a 20-year experi-
ence in shoulder and elbow surgery.  

21.6     Operative Technique 

 Although open surgery has been the procedure of choice 
for many years (deltoid split, release of the interval 
between infraspinatus and teres minor to incise the capsule 
and expose the posterior labrum) [ 37 ], most surgical pro-
cedures are now performed arthroscopically with similar 
outcomes [ 38 – 40 ]. 

 Arthroscopy is performed under general anesthesia with 
an interscalene block of the brachial plexus. Examination 
under anesthesia shows a positive posterior drawer sign that 
confi rms the diagnosis of posterior instability (Fig.  21.5a, b ). 
The patient lies in lateral decubitus position with the shoul-
der in approximately 30° of abduction and 15° of forward 
fl exion and a traction of 5 kg applied to the arm. After estab-
lishing a posterior portal about 2 cm inferior to the posterior 
acromial angle [ 41 ], the anterior-superior portal is created by 
the inside-out technique using a Wissinger rod [ 42 ]; fi nally, 

an accessory superolateral  portal is created with the in-out 
technique [ 38 ]. The diagnosis of posterior instability is 
 confi rmed when a reverse Bankart lesion [ 39 ] is detected 
from the anterior portal (Fig.  21.6 ). The posterior-inferior 
capsular redundancy is evaluated fi rst with the aforemen-
tioned intraoperative drawer sign, to determine the posterior 
subluxation of the humeral head, and next with a probe to 
test the elasticity of the posterior capsular tissue. One or two 
absorbable suture anchors are placed on the posterior glenoid 
to repair the reverse Bankart lesion (Fig.  21.7a, b ). One or 
two posterior capsular plications are generally required to 
tighten the capsule; the anterior capsule may also be plicated 
if redundant. The capsule is shifted superiorly using curved 
suture hooks (Linvatec, Largo, FL, USA) and sutured to the 
posterior labrum with sliding knots. Our group and other col-
leagues [ 36 ] consider large, engaging reverse Hill-Sachs 
lesion, large reverse bony Bankart lesion, and reverse 
HAGHL as contraindications for arthroscopic treatment of 
posterior shoulder instability. In patients with previous failed 
surgery, we prefer arthroscopy-assisted posterior shoulder 
stabilization using an iliac bone graft [ 43 ].     

21.7     Results of Surgical Management 

 Arthroscopic posterior shoulder stabilization provides 
89–93 % good-excellent results in athletes [ 24 ,  25 ,  38 ,  44 ]. 
In a retrospective review of 27 patients, Kim et al. [ 25 ] 
described overall satisfactory outcomes with only one recur-
rence and an average loss of one vertebral level of IR. Wolf 
and Eakin [ 38 ] and Bradley et al. [ 24 ] reported a 90 % rate of 
return to play, whereas Radkowski et al. [ 44 ] reported that 
89 % of throwing athletes and 93 % of non-throwing athletes 
had good or excellent results, although only 55 % of throw-
ing athletes returned to their preinjury level compared with 
71 % of non-throwers.  

21.8     Rehabilitation and Return to Play 

 An appropriate shoulder rehabilitation program is essential 
for balanced muscle activity and to prevent worsening of 
pain and shoulder dysfunction. As described above, repeated 
overhead movements in some sports may induce posterior 
capsule weakness and sometimes tears of the glenoid labrum, 
which predispose the shoulder joint to subluxation [ 4 ]. These 
conditions are found especially during the follow-through 
phase of pitching in baseball, the backhand stroke of racquet 
sports, and the pull-through phase of swimming, where the 
arm is in forward fl exion and is being actively adducted and 
internally rotated [ 45 ,  46 ]. Fatigue of the dynamic stabilizers 
is also a contributing factor to shoulder joint instability [ 47 ]. 
Rehabilitation of athletes with traumatic instability should 
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include four phases: (1) acute, (2) intermediate, (3) advanced, 
and (4) return to activities. 

 In the acute phase motion is restricted to avoid tissue 
attenuation. A short period (1–2 weeks) of immobilization 
may be required to promote stability. Ice, laser therapy, and 
transcutaneous electrical nerve stimulation (TENS) may be 
applied to control pain and infl ammation. Next, passive 
ROM (PROM) in a restricted arc of motion and active 
assisted “pain-free” exercises using the L-bar may be begun. 
Pain during rehabilitation indicates that the exercise is not 
being done correctly or is not appropriate for the current 
phase of recovery. Closed kinetic chain exercises, enhancing 
muscle coactivation, and scapular stability without shear 

forces across the shoulder joint should be performed using a 
fi xed support. These  exercises facilitate the recovery of func-
tion of the rotator cuff, enhancing joint stability and stimulat-
ing muscle coactivation and proprioception. 

 The main goal of the intermediate phase of recovery is to 
restore shoulder mobility while strengthening exercises of 
the scapular stabilizers and rotator cuff progress. 

 During rehabilitation the focus must be on scapular position 
and control, with tightened abdominal muscles holding the 
spine in neutral position and correct postural alignment, because 
proximal stability must be acquired before distal mobility. 

 Closed chain exercises can now be extended to weight- 
bearing on unstable surfaces such as a Swiss ball, to enhance 

a b

  Fig. 21.5    ( a, b ) Positive drawer sign with the patient under anesthesia (examination under anesthesia, EUA). The humeral head is posteriorly 
dislocated when an anterior to posterior axial load is applied       
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neuromuscular control at the refl ex level; isotonic strengthening 
exercises including ER and IR with tubing are also initiated. 

 The advanced strengthening phase focuses on continued 
strength and endurance, dynamic stability, and neuromuscu-
lar control near the end range through progressive exercises 
such as plyometric exercises to promote return to their sports. 

 A maintenance program should continue to be followed 
after the return to activities. Whenever possible the specifi c 
technique of their sport should be analyzed with the coaches, 
to determine whether it has been the predisposing cause of 
the instability [ 47 ,  48 ]. 

 Candidates for surgical intervention should follow a pre-
operative strengthening program for the scapular stabilizers, 
to assist in postoperative rehabilitation. Subscapularis muscle 
strength should be specially targeted, because it is the most 
important dynamic posterior stabilizer of the GH joint [ 14 ]. 

 Rehabilitation following posterior shoulder stabilization 
and/or labrum repair to reduce the risk of postoperative 
recurrence is slightly more conservative than after anterior 
shoulder stabilization. The shoulder is immobilized in a sling 
(15° abduction and neutral or slight ER to minimize the ten-
sion on the posterior capsule) for 3 weeks. PROM exercises 
are generally allowed after sling removal; nevertheless, early 
restricted exercises may be performed immediately after sur-
gery with the shoulder abducted to 45° and neutral IR and 
ER to approximately 20–25°. Over the fi rst 8 weeks of recov-
ery, the patient’s PROM is gradually increased, taking care 
that this does not induce excessive posterior shoulder laxity 
and enhancing strength and dynamic stabilization. By the 
10–12th week, the patient should have regained an almost 
full PROM. In this phase strengthening exercises for external 
rotators and the scapular musculature help to improve neuro-
muscular control and dynamic stabilization [ 48 ]. In the 
weeks from the 12th to the 26th, strengthening and dynamic 
stabilization exercises are increased and associated with 
 isotonic strengthening exercises. 

  Fig. 21.6    Reversed posterior Bankart lesion in the left shoulder seen 
from the anterior portal       

a b

  Fig. 21.7    ( a, b ) Posterior labrum repair with suture anchor. ( a ) The suture is passed through the posterior band of the inferior glenohumeral liga-
ment (IGHL), ( b ) labrum reattachment with two suture anchors using sliding knots       
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 Return to sport-specifi c drills depends on the sport and 
position they are returning to. For overhead throwers, 
especially baseball pitchers, a gradual return to sport is 
suggested at 6–7 months with a return to the actual game 
at approximately 9 months. For non-throwing athletes and 
those involved in contact sports, the return to competition 
is recommended at 7–9 months depending on their role 
[ 33 ,  48 ].     
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22.1             Introduction 

 Rotator cuff represents the most important dynamic stabi-
lizer of the shoulder and it is often involved in sports injuries. 
Sporting activities as throwing, swimming, and tennis require 
an extreme use of overhead movements; during these move-
ments impingement and instability syndrome may occur, 
becoming the main cause of pain and dysfunction in elite 
athlete’s shoulder. 

 Usually professional athletes do not suffer from a single 
isolated traumatic event and shoulder pain is gradual and 
progressive. If a single event is reported, normally the 
patients may describe a preexisting shoulder pain of variable 
duration or previous episodes of resolved pain. 

 Successful management of these patients requires a deep 
knowledge of the pathology, as well as an accurate and com-
plete diagnosis [ 1 ].  

22.2     Etiology and Injury Mechanism 

 Cuff rotator tears can be secondary to various etiologies: fi rst 
of all impingement syndrome and then instability (in particu-
lar in overhead athletes) or trauma (in particular in contact 
sports). 

 There are four types of impingement syndrome: primary 
impingement, secondary impingement, internal impinge-
ment, and coracoid impingement. 

 Primary impingement is due to the friction of supraspina-
tus tendon and subacromial bursa under the acromion, which 
often has an abnormal shape t. This is the fi rst and the origi-
nal impingement form described by Neer [ 2 ]. 

 Secondary impingement is due to a dynamic glenohu-
meral instability, which generally is anterior. Involved struc-
tures may be subscapularis tendon, supraspinatus tendon, 
and anterior capsule. SLAP (superior labral anteroposterior) 
lesion may contribute to articular symptoms. 

 Internal impingement is described as a confl ict between 
posterior glenoid rim and postero-superior rotator cuff inser-
tion into the greater tuberosity. This condition is the most 
frequent fi nding in throwing athletes. Jobe in 1995 indicated 
fi ve risk areas in this kind of impingement: postero-superior 
labrum, articular side of the rotator cuff, bone of the postero- 
superior glenoid, greater tuberosity, and anterior capsulo-
labral complex [ 3 ]. Coracoid syndrome arises during forward 
fl exion and internal rotation of the shoulder. Etiology seems 
to be linked to a decreased distance between the coracoid and 
the anterior humeral structures [ 4 ]. 

 Rotator cuff damage may be variable: fraying of the artic-
ular or bursal side of the cuff, PASTA (partial articular supra-
spinatus tendon avulsion from its insertion) lesions, PAINT 
(partial articular tears with intratendinous extension) lesion, 
intratendinous tears, and complete tears of the rotator cuff. 
Labral abnormalities can be also found in throwing athletes: 
postero-superior region is the most commonly involved, and 
SLAP lesions can often occur [ 5 – 10 ]. 

 Recurring microtrauma, fatigue, and dyssynchrony of the 
dynamic stabilizers of the shoulder and scapula may also 
contribute to anterior translation of the humeral head during 
throwing motion. This can be considered as an anterior sub-
luxation of the humeral head: impingement syndrome 
between rotator cuff and posterior glenoid rim can occur dur-
ing abduction and maximal intrarotation of the shoulder. 
This may be the reason why it is frequent to fi nd a posterior 
impingement syndrome associated with an anterior instabil-
ity [ 7 ]. 

 Other factors involved in shoulder injuries, especially in 
throwing athletes, may be tensile failure of the rotator cuff 
muscle (supraspinatus, infraspinatus, and teres minor come 
under signifi cant stress during throwing); poor scapular 
mechanics (as an imbalance between glenohumeral and 
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scapulo- thoracic rotation); rotator cuff imbalance, between 
internal and external rotators; anterior capsular laxity, in par-
ticular of the anterior band of inferior glenohumeral ligament 
(AB-IGHL) (which is the most important static stabilizer 
avoiding anterior translation of the humeral head, especially 
when the arm is abducted, extended, and externally rotated ); 
and posterior capsular retraction with a resulting decrease in 
internal rotation, frequently found on the inferior part of the 
capsule in overhead athletes.  

22.3     Clinical and Diagnostic Examination 

22.3.1     Clinical Examination 

 Clinical examination begins with inspection. Obtaining a 
good view of both shoulders and thorax is mandatory. 
Shoulders must be explored for potential asymmetry between 
them, in particular checking the infraspinatus and supraspi-
natus fossae for muscular atrophy, which may be caused by 
chronic rotator cuff tear or suprascapular neuropathy. Scars 
from previous surgeries must be investigated. 

 Shoulder range of motion (ROM) in all directions must be 
assessed, taking note of potential discrepancies between 
active and passive motions. ROM of a normal shoulder is 
180° fl exion, 50° extension, 180° abduction, 80° external 
rotation (both at 0° and 90° abduction), and 100° internal 
rotation. Glenohumeral joint is responsible of 2/3 of the total 
ROM of the shoulder, while 1/3 is due to the scapular move-
ment over the ribs. 

 Usually shoulders with rotator cuff tear show a reduction 
in active ROM (both for the pain for partial or small tears and 
for the complete tear of the tendon), while passive ROM 
remains normal or slightly limited. 

 During the motion tests, it is important to observe also the 
scapular rhythm, which represents the combined movement 
between the glenohumeral joint and the scapula. Usually this 
has a 2:1 ratio, confi rming the different roles played in the 
ROM by glenohumeral and scapulo-thoracic joints. Scapular 
“dysrhythmia” may be caused by intra-articular adhesions 
(that lead to a reduction of the glenohumeral movement, 
keeping intact the contribution of the scapula) or by scapular 
winging (to explore the scapular stabilizers, it is useful to ask 
the patient to push against the wall). 

 The second phase of shoulder examination is palpation. 
Acromioclavicular and sterno-clavicular joints must be 
explored for instability and pain during digital pressure. The 
long head of biceps brachii (LHBB) tendon runs in its 
groove, situated medial to the greater tuberosity, and it may 
be painful upon palpation if tendinitis or tendon instability is 
present. 

 Muscular strength in athletes with rotator cuff injuries 
may be altered because of torn tendon, suprascapular 

 neuropathy, or pain. Therefore, it is important to evaluate 
independently the muscular strength of every single muscle. 
This is evaluated with a 5-point scale and compared to the 
contralateral shoulder (5 = symmetric strength, 4 = decrease 
in strength against resistance, 3 = resistance to gravity only, 
2 = resistance to gravity with assistance, 1 = visible contrac-
tion of the muscle, 0 = no muscular contraction) [ 11 ]. 

 Specifi c tests are used to assess muscular strength and 
integrity. If pain is produced during the tests, they are consid-
ered as positive. The most used in the clinical practice are the 
following:
•    Jobe’s relocation test (or empty-can test) (supraspinatus): 

the arm is brought to 90° abduction and then it is fl exed 
forward to 30° and internally rotated (so the thumbs point 
to the ground). The patient must hold this position while 
a downward force is applied by the examiner.  

•   Patte’s test (infraspinatus): arms are placed at patient’s 
sides, with elbow fl exed to 90°. The patient must hold this 
position while the examiner applies a force in internal 
rotation.  

•   Lift-off test [ 12 ] (subscapularis): the dorsum of the ipsi-
lateral hand is placed against the back of the patient (in 
maximal internal rotation of the shoulder). Then the 
patient is asked to lift the hand off from the back. The test 
is considered positive if the patient is unable to perform it.  

•   Bear Hug test [ 13 ]: the palm of the hand of the involved 
side is placed on the opposite shoulder with the fi ngers 
kept extended and the elbow just anterior to the trunk. The 
test is considered positive if the patient is not able to hold 
the starting position while the examiner tries to pull away 
the hand from the shoulder applying an external rotating 
force perpendicularly to the forearm.    
 As discussed above, different kinds of impingement syn-

drome may be present and even cause or worsen a rotator 
cuff tear, so they have to be correctly assessed with the fol-
lowing tests:
•    Neer’s sign: the examiner lifts up the patient’s arm while 

stabilizing the scapula with the other hand. If pain is 
reproduced, the test is considered positive [ 14 ].  

•   Hawkins’ test: the arm is placed at 90° forward fl exion 
and 15° adduction while an internal rotating force is 
applied. The test is positive if pain is reproduced [ 15 ].  

•   Yocum’s test: the patient is asked to lift up the elbow 
keeping the hand placed on the unaffected shoulder. The 
test is positive if pain is reproduced [ 16 ].    
 The clinical assessment of shoulder laxity and instability 

is explained in another chapter.  

22.3.2     Radiography 

 Plain X-rays should always be the fi rst imaging examina-
tion performed in a patient with a painful shoulder. 
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Although X-rays are generally not helpful in making the 
diagnosis of a rotator cuff tear, in some case, they may be 
useful, at least to exclude other pathologies. Anteroposterior, 
axillary, and outlet views should be always performed. 
X-rays are the best option to assess the presence of calcifi -
cations, which sometimes may be the source of pain. 
Humeral head position must be checked because its supe-
rior migration may be an indirect sign of massive tears. The 
Hill-Sachs defect is suggestive of recurrent anterior dislo-
cation. X-rays are also useful to evaluate the presence of os 
acromiale and to assess the width of the subacromial space 
and the acromion’s morphology. Acromion can be described 
as fl at, curved, or hooked, according to Bigliani’s classifi -
cation. It was demonstrated that the latter two morpholo-
gies are associated with a higher prevalence of impingement 
syndrome and rotator cuff tears [ 17 ].  

22.3.3     Magnetic Resonance Imaging 

 Magnetic resonance imaging is considered the gold standard 
to study rotator cuff lesions. This exam consents to distin-
guish between partial-thickness and full-thickness rotator 
cuff tears, also measuring the gap dimension. In chronic 
lesions it allows to assess tendon retraction and the grade of 
muscular atrophy. 

 Partial-thickness cuff tears can be found both on the artic-
ular and bursal sides and they are usually classifi ed accord-
ing to Ellman’s classifi cation in grade 1 if thinner than 3 mm, 
grade 2 if included between 3 and 6 mm, and grade 3 if 
thicker than 6 mm. 

 Full-thickness tears are described depending on lesion’s 
shape according to Ellmann and Gartsman’s classifi cation 
(type 1 is crescent shaped, type 2 is reverse L shaped, type 3 
is L shaped, type 4 is trapezoidal, while type 5 includes mas-
sive tears, considered as full-thickness lesions of at least two 
tendons). 

 Retraction is classifi ed in early if tendon is between its 
normal insertion and the glenoid, late if tendon is at the level 
of the glenoid, and very late if tendon is retracted beyond the 
glenoid. Repair of the latter two grades may be diffi cult or 
impossible. Usually retraction tends to aggravate with time. 
Chronic lesions are usually associated to progressive muscu-
lar atrophy. The extent of atrophy is classifi ed according to 
the Goutallier index, based on fatty infi ltration of the muscle. 
In grade 0 there is no fatty infi ltration, in grade 1 some fat is 
present among muscular fi bers, grade 2 is characterized by a 
fatty infi ltration inferior than 50 %, in grade 3 muscular tis-
sue is as represented as fat, and in grade 4 fatty infi ltration is 
superior than 50 %. An indirectly proportional relationship 
has already been demonstrated between muscular atrophy 
and functional outcome after surgical repair [ 18 ]. 

 A contrast medium like gadolinium may be used to 
enhance the visualization of the labrum and of the rotator 
cuff articular surface, highlighting partial-thickness 
 articular cuff tears    [ 19 ] (Fig.  22.1 ,  22.2 ,  22.3 ,  22.4 , 
and  22.5 ).        

  Fig. 22.1    MR – partial-thickness cuff tear on the articular side       

  Fig. 22.2    MR – partial-thickness cuff tear on the bursal side       
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22.4     Treatment Strategy 

 A complete diagnostic evaluation of the glenohumeral joint 
is necessary before choosing for a nonoperative or an opera-
tive treatment. In particular, in the overhead athletes, lesions 
of the superior labrum and of the capsulolabral structures 
should not be underestimated [ 20 ]. 

 It’s also important to understand that the needed outcome 
of operative treatment is different between a professional and 
a recreational athlete: high-level athletes have a strong infe-
rior prognosis to come back at the pre-injury level in oppo-
site with middle-age amateur athletes   , which normally are 
satisfi ed [ 21 ]. 

22.4.1     Nonoperative Management 

 Generic guidelines exist, but nonoperative treatment must be 
specifi c for each patient, considering the grade of his or her 
pathology and his or her individual sport-specifi c demands. 
This treatment is divided in four main phases [ 1 ]:
   Phase 1: it consists in rest from sport and irritating activities, in 

association with anti-infl ammatory strategies such as pho-
nophoresis, iontophoresis, ice massage, or ice pack applica-
tion   . Passive or active-assisted    range-of-motion exercises 
are started in pain-free ranges (in these range-of- motion 
exercises, collagen tissue tension stimulates collagen heal-
ing). Rotational exercise is performed at 45° scapular plane 
abduction (below the impingement zone) and then increased 
with the symptom improvement. Pain- free submaximal 
exercise can be started. Strengthening can be started with 
scapulo-thoracic muscles and then with glenohumeral 
dynamic stabilizers. Aerobic activity as bicycling should 
continue.  

  Phase 2: it starts when pain and infl ammation are resolved. 
Strengthening can increase and approach the end range, 
with particular attention to the stretching of the posterior 
capsule. An elastic band can be used to help to strengthen 
every single muscle. Movements that cause pain are 
avoided. Strengthening of the scapulo-thoracic system 
should continue, as aerobic activity. When the athlete has 
achieved a good scapular and glenohumeral system, 
sport-specifi c movements can start.  

  Phase 3: normally, the athlete should have a pain-free range 
of motion. Eccentric activity is suggested, especially for 
posterior cuff and medial scapular muscle. The strength-
ening program can be progressed to full range and maxi-
mal resistance. Isokinetics exercise can be started for 
glenohumeral rotators, elevator muscles, and scapular 
muscles.  

  Phase 4: the athlete can return gradually to sport activity. 
Each sport has its specifi c activity: for example, pitchers 
perform an interval throwing program, swimmers  perform 

  Fig. 22.3    Arthroscopy – partial-thickness cuff tear on the articular 
side (Ellman grade 1)       

  Fig. 22.4    Arthroscopy – partial-thickness cuff tear on the articular 
side (Ellman grade 3)       

  Fig. 22.5    Arthroscopy – partial-thickness cuff tear on the bursal side       
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low-intensity interval training, and tennis players start 
with forehands practice and then with backhands. The 
intensity is increased, until reaching pre-injury level, 
which is the target of this phase.    
 Outline exercise to preserve strength and motion should 

continue when the athlete comes back to activity.  

22.4.2     Surgical Treatment 

 In patient with subacromial    impingement, intact rotator cuff 
surgical treatment is indicated after several months of reha-
bilitation and activity modifi cation failure. Generally, these 
criteria may be applied also to athletes. The surgeon must be 
sure that the cause of the shoulder pain is the mechanical 
supraspinatus outlet narrowing, because glenohumeral insta-
bility and labral pathology are more common, especially in 
shoulder pain of throwing athlete [ 1 ]. 

 In partial rotator cuff tear, surgical indication is similar to 
those with an intact rotator cuff, but if MRI shows a lesion 
involving more than 50 % of the tendon thickness, nonopera-
tive treatment may be shorted and the surgery proposed 
before 9 months [ 22 – 24 ]. Bursal-side tears may be more 
symptomatic then articular-side tears, and in this case surgi-
cal approach may be more aggressive. During diagnostic 
arthroscopy surgeon should check both the depth of the 
lesion and the quality of remaining tendon: it is necessary to 
check the rotator cuff insertion from both the glenohumeral 
joint side and the subacromial bursal side. Diagnostic 
arthroscopy is followed by arthroscopic acromioplasty if the 
surgeon fi nds bony supraspinatus outlet impingement. 
Debridement is suggested in articular-side partial tears less 
than 50 % and in bursal-side lesion less than 25 %. In other 
cases, partial rotator cuff tears are repaired [ 25 ]. 

 In complete rotator cuff tears, if a 6- to 12-week trial of 
nonoperative treatment and activity modifi cation fails, surgical 
approach is suggested, especially in young throwing athletes to 
permit a return to competition [ 1 ]. In overhead athletes most of 
lesions are small (1–2 cm or one tendon) and minimally 
retracted: surgical technique is often mini-open or arthroscopic 
repair. Instead rotator cuff injury in contact athletes is usually 
larger than 2 cm or one tendon and retracted: in this case some 
authors suggest open repair [ 21 ]. Our position is that both open 
and arthroscopic surgical techniques may be practiced, but 
arthroscopic treatment is preferred for its decreased scarring 
and minor deltoid morbidity, which may infl uence the postop-
erative rehabilitation and return to pre-injury level.   

22.5     Rehabilitation and Return to Play 

 Return to sport activity, possibly at the same level before the 
injury, is the athletic rehabilitation target. 

 Rehabilitation after arthroscopic surgery without rotator 
cuff repair is the same of nonoperative treatment. In case of 
rotator cuff repair, postoperative rehabilitation is divided into 
four phases [ 1 ]. 

 The goals of phase 1 (0–6 weeks) are patient education, 
pain and infl ammation control, tendon healing, and mainte-
nance of subacromial gliding if an acromioplasty was associ-
ated with the cuff repair. Patient is educated to place a support 
under the arm to obtain abduction and neutral rotation and to 
repeat active exercise at the elbow, wrist, and hand. To main-
tain subacromial gliding and capsulo-ligamentous complex, 
patient should perform immediate passive range-of-motion 
exercises: normally, exercises must be performed with 20 rep-
etitions, three to six times a day. After about 10–15 days, 
patients come back to the surgeon to remove sutures and to 
assess the shoulder. If patient has again pain or excessive tight-
ness, indications are cold therapy or hot therapy (or both), 
joint mobilization, and passive stretching. If there aren’t prob-
lems, patient continues with home exercise program. At 4 
weeks, active range-of-motion and isometrics exercises should 
be started (rotation, extension), with an external rotation range 
from 70 to 90°. If rotator cuff tear was larger than 1 cm, active 
exercises should be started at 6 weeks. 

 Second-phase duration is from 6 to 10 weeks after sur-
gery. The goals are a complete range of motion and improve-
ment of neuromuscular control and strength. Patient should 
continue with the same exercises of phase 1 and add stretch-
ing, if not already started, to improve range of motion. Most 
important is stretching exercises for external rotation in mul-
tiple positions (and for posterior capsule). Stretches should 
be maintained for 10–20 s, for 10–20 times a day. 
Strengthening continues, with the introduction of forward 
fl exion and abduction. Multiangle exercises should be started 
at 45° in the scapular plane using manual resistance; depend-
ing the patient reaction to resistive exercises, the position of 
resistance is progressed toward 90° in the scapular plane. If 
rotator cuff tear was large or massive, return of a complete 
range of motion is gradual and slow: a continue discussion 
between surgeon and rehabilitation specialist about any deci-
sion of aggressive stretching is important. 

 From 10 to16 weeks is the length of third phase, whose 
goals are a complete range of motion, optimization of neuro-
muscular control, improvement of endurance, and return to 
functional activity. Normally in this phase, patients are pain- 
free and active elevation should pass the shoulder (be careful 
if patient has an abnormal scapulo-humeral rhythm). 
Strengthening and stretching should continue, especially for 
elevation. Sport-specifi c movements should be started. An 
upper extremity strengthening and fl exibility program should 
be introduced. 

 In phase 4 (16 weeks to 6 months), athlete comes back 
gradually to training and then to competition, with the target 
of pre-injury level. Strengthening, stretching, upper  extremity 
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and fl exibility program, sport interval program, and sport- 
specifi c exercises should be continued both for training and 
prevention [ 1 ].     
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23.1             Etiology 

 Injuries to the acromioclavicular joint (ACJ) account for 
approximately 9–12 % of those to the shoulder girdle seen 
in clinical practice [ 1 ]. This is likely to be an underesti-
mate of their true prevalence, since patients with minor 
sprains may not seek medical attention. Overall, AC dislo-
cations represent 12 % of all dislocations of the shoulder 
girdle and 8 % of all joint dislocations in the body [ 2 ,  3 , 
 7 – 9 ]. Most patients were younger than 35 years with a 
gender distribution of 8:1 in favor of men [ 3 – 9 ]. Sports 
activities are a common cause of ACJ injuries, especially 
alpine skiing, ice hockey, football, and rugby (32–40 % of 
shoulder injuries) [ 3 ,  4 ]. AC joint dislocation is also often 
diagnosed after road traffi c accidents and fall on the side 
of the body.  

23.2     Injury Mechanism 

 The most frequent injury usually involves a direct blow to 
the lateral aspect of the shoulder with the arm in an adducted 
position, leading to downward displacement of the scapula 
opposed by impaction of the clavicle onto the fi rst rib [ 5 ]. 
The inherent strength and stability of the sternoclavicular 
joint transfers energy to both the acromioclavicular (AC) 
and coracoclavicular (CC) ligaments [ 10 ] (Fig.  23.1 ). The 
force initially injures the acromioclavicular ligaments. The 
CC ligament is one of the strongest ligaments in the body. 
As the force perpetuates, further energy is transmitted to the 
coracoclavicular ligaments, resulting in greater displace-
ment of the clavicle with reference to the acromion. The 
acromioclavicular capsule ligamentous structures are fi rst to 

fail with consecutive loading of the CC ligaments. Complete 
ACJ dislocations are defi ned as combined AC and CC 
 ligament disruption leaving the deltoid and trapezoid mus-
cle attachments as last restraints against the applied forces. 
A major injury will lead to further transmission of force and 
disruption of the deltoid and trapezius muscles, as the lateral 
end of the clavicle herniates through it [ 11 ], leading to high-
degree ACJ instabilities.  

 Indirect mechanisms of ACJ injuries are rare. A fall on to 
the adducted arm leads to a pushing force of the humeral 
head upward against the inferior aspect of the acromion. The 
resulting forces create a wide spectrum of ACJ injuries 
including inferior displacement of the clavicle beneath the 
coracoid process (type VI dislocation according to the clas-
sifi cation of Rockwood [ 12 ]).  
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  Fig. 23.1    Coracoclavicular ligaments: conoid ligament – located 
medial, coned or  triangular in shape . Runs from the posterior medial 
aspect of the coracoid process to the posterior conoid tubercle in the 
clavicle. Responsible for restraining superior–inferior displacements. 
Trapezoid ligament – located lateral,  quadrilateral in shape . Runs from 
the coracoid process shaft oblique and superior–lateral to the anterior–
lateral clavicle trapezoid ridge. Responsible for resisting compressive 
forces and lateral displacement of the clavicle       
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23.3     Clinical and Diagnostic Examination 

 A detailed history including the mechanism of injury, loca-
tion and duration of pain, and associated symptoms is vital to 
diagnosing an AC joint injury. 

 An    accurate clinical evaluation may be diffi cult and pain-
ful in the acute setting. It is important to examine the patient 
in a sitting or standing position, allowing the weight of the 
injured arm to exaggerate any deformity. Pain may be vari-
able in nature, given the AC joints’ dual innervation from the 
suprascapular nerve and the lateral pectoral nerve [ 13 ]; how-
ever, the diagnosis is often clinched with a visible or palpa-
ble defect noted at the AC joint. Tenderness directly at the 
ACJ is the main symptom with visually evident step forma-
tion between the acromion and the distal clavicle end in com-
plete ACJ dislocations. A comparison to the unaffected 
contralateral ACJ should be drawn due to a sometimes physi-
ological prominent distal clavicle end on both shoulders. 
A key part of the clinical assessment represents the testing of 
horizontal instability. Hereby, the distal clavicle is shifted 
posteriorly with the acromion fi xed by the other hand. An 
increased posterior translation in comparison to the unaf-
fected side indicates a horizontal component of ACJ 
 instability. Discomfort is often exacerbated with range of 
motion of the shoulder and with loading of the joint with the 
crossarm adduction test, which is performed by forward ele-
vating the arm to 90° with arm adduction. Assessment of the 
AC joint for stability after an acute injury may be diffi cult 
secondary to guarding; however, for subacute and chronic 
injuries, this should be attempted. The Paxinos test (thumb 
pressure at the posterior AC joint) combined with a positive 
bone scan has been found to predict AC joint pathology with 
a high degree of confi dence. Pain localized to the acromio-
clavicular joint or “on top” is diagnostic of acromioclavicu-
lar joint abnormality, whereas pain or painful clicking 
described as “inside” the shoulder is considered indicative of 
labral abnormality. However, the sensitivity of this test for 
AC pathology is only 41 %, with a specifi city of 94 % [ 14 ]. 
A simple shoulder shrug may be helpful in determining if the 
deltotrapezial fascia has been separated from the clavicle [ 5 ]. 
Reduction of the AC joint can also be tested by stabilizing 
the clavicle in one hand and with the other hand placing an 
upward force on the ipsilateral elbow and assessing the joint 
for visible or palpable incongruity. Additionally, a thorough 
neurovascular assessment of the upper extremity including 
the cervical spine should be performed. Suspicion for other 
associated injuries, such as clavicle, coracoid, and rib frac-
tures, should be raised with higher injury mechanisms [ 15 ]. 

 They were initially graded I through III based on radio-
graphic displacement and the degree of ligamentous damage 
[ 16 ,  17 ]. Rockwood later added types IV through VI to the 
classifi cation system. The rising type correlates with greater 
displacement and higher levels of ligamentous injury [ 5 ].

   Type I: This typically low-energy injury involves a sprain to 
the AC ligaments only. The CC ligaments are spared 
by the absorption of the impact by the AC ligaments. With 
the AC and CC ligaments intact, radiographic imaging 
appears normal.  

  Type II: As the energy imparted to the shoulder is increased, 
the AC joint capsule and ligaments are ruptured, and the 
distal clavicle is thereby rendered unstable in the horizon-
tal plane. The CC ligaments remain intact, and there may 
be slight elevation of the clavicle on radiographs; how-
ever, the displacement is less than 100 % of the diameter 
of the distal clavicle, and the radiographic CC distance is 
increased by less than 20 %.  

  Type III: This higher-energy injury represents a complete 
disruption of both the AC and CC ligaments, which leads 
to complete dislocation of the AC joint. The insertion of 
the deltotrapezial fascia remains intact. Radiographs 
demonstrate displacement of the clavicle greater than 
100 % of the diameter of the distal clavicle, and the radio-
graphic CC distance is increased by 20–100 % [ 5 ].  

  Type IV: This injury involves a complete rupture of the AC 
and CC ligaments with posterior displacement of the dis-
tal clavicle into the trapezius fascia. It is important in this 
setting to evaluate the SC joint as concomitant anterior 
dislocation can occur.  

  Type V: This higher-energy variant of a type III injury repre-
sents a complete disruption of both the AC and CC liga-
ments, which leads to complete dislocation of the AC 
joint. The deltotrapezial fascia is stripped from its attach-
ment to the clavicle. Radiographs demonstrate displace-
ment of the clavicle greater than 300 % of the diameter of 
the distal clavicle, and the radiographic CC distance is 
increased by 100–300 %.  

  Type VI: This rare injury involves inferior displacement of 
the clavicle either subacromial or subcoracoid behind the 
conjoined tendon. The mechanism involves severe hyper-
abduction and external rotation of the arm combined with 
scapular retraction. It results from high-energy trauma, 
and neurovascular impairment is often present prior to 
reduction [ 15 ].    
 Confi rmation of AC joint injury involves a complete 

radiographic shoulder series, which is essential in the analy-
sis and classifi cation of these injuries. Anteroposterior, 
scapular Y, and axillary views are obtained. These radio-
graphs serve to provide information regarding the nearby 
glenohumeral joint and can rule out coexisting pathology. 
As standard anteroposterior (a.p.) projection, the Zanca 
view [ 18 ] (Fig.  23.4 ) has been established with the x-ray 
beam tilted for 10° in a caudocranial direction completed by 
a panorama stress view with a weight of 10 kg hanging on 
both wrists. Different methods have been employed for 
weight bearing. Detection of an increased AC and/or CC 
distance is indicative of ACJ dislocation. The normal ACJ 
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width in the frontal plane (Zanca view) measures 1–3 mm 
and decreases with age. An ACJ width >7 mm in men 
and 6 mm in women is found to be pathologic (Fig.  23.2 ). 
The introduction of Rockwood’s classifi cation necessi-
tated a second plane to detect posterior dislocation of 
the distal clavicle. Routinely, at most radiologic depart-
ments, an axillary view with the patient in a sitting, 
supine, or standing position is performed [ 19 ].  

 Magnetic resonance (MR) imaging represents a sensi-
tive diagnostic tool in evaluation of ACJ disorders. 
Assessment of the stabilizing soft tissue structures involv-
ing the AC ligaments, CC ligaments, and delto-trapezoi-
dal fascia is possible in a reliable manner, and its results 
can change the clinical grading of dislocation [ 20 ,  21 ]. 

 MR imaging is also useful if surgery is considered to 
identify accompanying pathologies and again to identify 
underestimated injuries. 

 T1-weighted imaging best demonstrates the CC liga-
ments, and fat-suppressed proton density-weighted or 
T2-weighted imaging best demonstrates the ligamentous 
disruption, when surrounded by blood or fl uid [ 20 ]. 

 In the author’s clinical practice, a panorama stress 
view and axillary dynamic radiological evaluation repre-
sent the basic imaging tools, on which a therapeutic 
decision can be made in almost all cases. MRI is used 
only in selected cases, where associated glenohumeral 
soft tissue injuries are assumed.  

23.4     Treatment Strategy 

 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. The treatment strategy 
varies according to the classifi cation of the lesion. 

  Rockwood Type I 

 Sprains or partial tears at the ACJ are beyond all doubt 
treated nonoperatively [ 3 ,  5 ,  7 ,  17 ,  22 ]. Joint stability is 
maintained and ligament healing will occur in virtually all 
cases. Conservative therapy in terms of “skilful neglect” 
seems to be appropriate and suffi cient. Occasionally, symp-
toms may appear between 6 months and 5 years, the 90 % are 
insignifi cant, reasonably well tolerated [ 38 ] and resolve 
within 12 months [ 23 ].  

  Rockwood Type II 

 General treatment recommendations are nonoperative for 
type II injuries [ 33 ,  5 ,  7 ,  22 – 24 ]. Similar to type I injuries, in 
most cases, symptoms disappear within 12 months [ 23 ]. 
Reasons for persistent complaints are residual instability, 
tearing of the intraarticular disk, articular cartilage injuries, 
residual joint incongruity, osteolysis of the lateral clavicle, 
and weakness [ 3 ,  5 ]. In case of type II injuries it’s possible to 
observe an increased anteroposterior translation in terms of 
horizontal stability. This may be a further explanation for 
persistent symptoms due to mis-/underdiagnosis of the initial 
injury degree.  

  Rockwood Type III 

  Operative  treatment of grade III injuries results in a better 
cosmetic outcome but greater duration of sick leave com-
pared to nonoperative management. No difference regarding 
strength, pain, throwing ability, and incidence of acromiocla-
vicular joint osteoarthritis has been observed between the 
treatments. Current treatment recommendations favor surgi-
cal treatment in young patients with physically demanding 
occupations or sporting activities. The current scientifi c evi-
dence seems to show rather a cosmetic advantage of surgical 
treatment than a functional one [ 3 ,  5 ,  6 ].  

  Rockwood Type IV 

 There is consensus in the literature that the treatment of type 
IV injuries should be surgical [ 3 ,  5 ]. The argument to treat 
even the most inactive patients, was the extremely high pain 
level, considering only closed reduction as suffi cient thera-
peutic measure [ 7 ]. When considering the complete disrup-
tion of the AC ligaments and the detachment of the 
delto- trapezoidal insertion, closed reduction alone is not 
deemed to be suffi cient, requiring surgical stabilization. 
Surgical treatment should focus on ACJ reduction, AC liga-
ment fi xation, and reconstruction of the delto-trapezoidal 
fascia. Obviously if the CC ligament complex is involved, its 
pathology has to be addressed as well.  

  Rockwood Type V 

 All stabilizing anatomical structures, including the CC and 
AC ligaments and the delto-trapezoidal fascia, are disrupted. 
The treatment should be operative [ 7 ] with reconstruction of 

  Fig. 23.2    Zanca view is the most accurate view to visualize the AC 
joint. This view is achieved by tilting the x-ray beam 10–15° cephalad 
and using one-half of the standard penetrance. Because of the signifi -
cant variation in AC joint anatomy from one side to another, a bilateral 
Zanca view is recommended to visualize both AC joints on a single 
x-ray cassette while maintaining the same orientation of the x-ray 
beam. By visualizing both AC joints on the same cassette, the CC dis-
tance can be compared from side to side, pre- and postoperatively. The 
two  arrows  show the two acromion-clavicular joints. On the right is 
possible to observe a healthy clavicle. On the left an acromioclavicular 
dislocation       
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the stabilizing structures including the delto-trapezoidal fas-
cia. Thus, open procedures may be of advantage as compared 
to arthroscopic techniques, which usually fail to address 
adequately reconstruction of the delto-trapezoidal fascia.  

  Rockwood Type VI 
 This type of ACJ dislocation is quite rare and has been 
reported only in case reports [ 3 ,  15 ,  24 ,  25 ]. The treatment is 
always operative with reduction of the distal clavicle end and 
ACJ stabilization. Closed reduction may be diffi cult due to 
entrapment of the distal clavicle posterior to the conjoint 
tendon.  

23.4.1     Treatment Modalities 

23.4.1.1     Nonoperative Treatment 
 A common pitfall of these treatment attempts was skin and 
soft tissue related. Skin breakdown may be a potential com-
plication of using external immobilization straps that apply 
continuous pressure over the lateral clavicle. A further pre-
requisite for successful nonoperative treatment is a maxi-
mum of compliance of the patient which often lacks in young 
and active patients. 

 Recognizing the diffi culties to maintain suffi cient 
reduction of the ACJ, several authors have recommended 
only the use of a simple shoulder sling [ 6 ]. In the author’s 
opinion, nonoperative therapy in terms of “skillful neglect” 
represents a suffi cient therapy consisting in immobiliza-
tion of the respective arm until subsidence of the acute 
pain, ice application, analgesics according to the patient’s 
needs and accompanying physical therapy to gain free 
range of motion and full muscle strength. A key pillar of 
physical rehabilitation programs represents the strengthen-
ing of the spino- scapulohumeral function chain. The main 
focus should be kept on the periscapular muscles, includ-
ing the rhomboidei, levator scapulae, trapezius, and latis-
simus dorsi muscles to stabilize the scapula actively due to 
the lack of passive ligamentous suspension to the clavicle. 
This musculoskeletal pathology explains the resulting 
scapular dyskinesis in many patients suffering from 
chronic ACJ instability. Thus, nonoperative treatment 
should be symptomatic in the acute phase and functional in 
the subacute/chronic phase. Usually, freedom from pain 
and free range of motion should be present 3–4 weeks after 
the injury.  

23.4.1.2    Surgical Treatment 
   Open Techniques 
  Bosworth Screw 
 For several decades, it represented an established method to 
treat acute ACJ dislocations. Until today, some orthopedic 
and trauma surgeons use this simple technique, which can be 

performed percutaneously and grants good to excellent long- 
term outcomes [ 3 ,  5 ,  6 ]. Possible malpositioning, screw 
breakage, damage of the CC repair, and necessity of screw 
removal represent disadvantages rendering this implant 
unpopular nowadays [ 26 ].  

  Hook Plate 
 It is still a widely used implant providing high primary 
 stability but requiring a second surgery for implant removal.  

 Overall [ 27 ,  28 ], the hook plate provides high rates of 
successful functional restoration offering a high primary sta-
bility. Possible complications (loss of reduction, redisloca-
tion, and acromion osteolysis or fracture) have to be taken 
into consideration, as well as the need for plate removal after 
3 months. 

  Pinning and Tension Banding 
 Percutaneous pinning and tension banding using two AC 
transarticular K-wires and a cerclage represent simple and 
cost-effective procedures [ 29 ,  30 ]. Good results can be 
achieved in 96 % of cases and reduction can be retained in 
80 %. Only 5 % complained intermittent pain with an aver-
age visual analog score of 4 at follow-up. The overall com-
plication rate is 15 % including K-wire migration in 4 % and 
ACJ redislocation in 11 %.  

  PDS Sling 
 It is not a universally accepted technique because it requires 
a large exposure resulting in soft tissue damage and a high 
rate of redislocation reported by a few authors [ 31 ,  32 ].  

  Extra-anatomical Procedures 
 Transfer of the coracoacromial ligament from the acromion 
into the resected distal clavicle was suggested already in 
1917 by Cadenet and reported in 1972 by Weaver and Dunn    
[ 33 ] for both acute and chronic cases. However, the cora-
coacromial ligament transfer should not be indicated for 
acute cases when the CC and AC ligaments are likely to heal 
spontaneously after repair. For chronic cases, biomechanical 
[ 34 ,  35 ] and clinical [ 3 ,  5 ] data proved anatomic CC liga-
ment reconstruction using autologous semitendinosus ten-
don to be superior to the Weaver–Dunn procedure.   

   Arthroscopic Techniques 
 Following the development of arthroscopic techniques in 
joint surgery, suitable implants have been searched allowing 
for a minimally invasive, arthroscopically assisted proce-
dure. In 2001, Wolf and Pennington described for the fi rst 
time the arthroscopic CC stabilization using polyethylene 
wire cerclages reporting on 81 % good and excellent results. 
Rolla et al. [ 36 ] described the arthroscopically assisted use 
of a cannulated Bosworth screw with excellent early results. 
Elser et al. used suture anchors for arthroscopic CC stabiliza-
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tion without image intensifi er with good results. The 
TightRope™ system (Arthrex, Naples, FL, USA) or similar 
can be used to repair ACJ with excellent results [ 37 ]. 
Arthroscopic techniques allow for contemporaneous treat-
ment of the associated intraarticular lesion and ACJ stabili-
zation (Figs.  23.3  and  23.4 ).   

 The principle of the TightRope™ stabilization can be per-
formed in a mini-open technique as well.     

23.5     Rehabilitation and Return to Play 

 The role of the postoperative treatment for ACJ reconstruc-
tion is very important. In contrast to ligamentous injuries of 
other joints, the gravity creates a continuous stress to the CC 

and AC ligaments preventing ligament stump contact and 
healing. Therefore, exceptional protection of the ACJ repair 
has to be guaranteed in the immediate postoperative period 
which contributes signifi cantly to the success of the surgery 
and minimizes the risk for redislocation. In the literature, 
a broad spectrum regarding postoperative rehabilitation 
 protocols has been reported ranging from early unrestricted 
rehabilitation over early active mobilization to 90° after 
2–3 days to only passive motion up to 90° twice a week for 
4 weeks with immobilization using a sling. Care should be 
taken in regard to the model of sling immobilization. It is of 
crucial importance to provide a suffi cient support to the 
forearm and elbow to neutralize CC gravity distraction 
forces. In addition, a high compliance of the patient is 
required to follow the physician’s advices of strictly limited 
postoperative activity. 

 The postoperative protocol typically involves the use of a 
sling or shoulder immobilizer for a period of 4–6 weeks to 
allow the reconstruction to heal. This provides support for 
the involved upper extremity when in an upright position 
[ 38 ]. Limited supine passive and active assisted range of 
motion is initiated as early as 7–10 days postoperatively, 
while strengthening and upright range of motion is typically 
restricted until 6 weeks. 

 Shoulder must be immobilized, and no range of motion 
is allowed for 4–6 weeks, necessary time for biological 
healing. The sling or shoulder immobilizer can be removed 
at this time with active range of motion and strengthening 
of the scapular stabilizers encouraged. Shoulder range of 
motion is initially limited to 90° of forward elevation, 90° 
of abduction, 30° of external rotation, and internal rota-
tion to the chest wall. Weight training is initiated at 
8–12 weeks, followed by return to noncontact athletic 
activity at 3–6 months. Peak strength is often obtained by 
9 months, whereby patients can return to contact activi-
ties. It has been suggested that use of various types of ten-
don grafts may allow a more accelerated rehabilitation 
program [ 39 ].     
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         Shoulder arthroscopy is one of the most common procedures 
in orthopedic surgery especially for the treatment of a large 
number of shoulder joint pathologies in the fi eld of sport. 

 We don’t forget how arthroscopy of the shoulder is not 
always accompanied by the fastest recovery times without 
any complications [ 1 ]. This point is very important when we 
are speaking about athletes. 

 Return to sport after shoulder arthroscopy therefore is not 
so quick and depends on many factors: type of pathology, 
type of tissue, type of sport (contact, not contact, overhead, 
etc.), or fi tness of the single athlete. But many other factors 
play a very important role to return to sport after shoulder 
arthroscopic surgery and these are more relevant if the ath-
lete is a high-level competitor. We are speaking about spon-
sors, media, managers, team, and supporters. We also can’t 
forget the psychological aspect of athletes and his fear for a 
new injury: sometimes, the athlete appears to be ready to 
return to sport at the judgment of the surgeon, physiothera-
pist, and trainer too but he often says “I am not ok” because 
he doesn’t feel himself ready 100 %. The “time of return to 
sport” scenario so may vary greatly from few months or even 
more than a year. 

 The type and the site of lesion, the time of surgery, and the 
biological time of repair are all key points. 

 The most common shoulder pathologies in the athletes 
are the instability, the minor instability, the SLAP lesion, and 
more rarely the rotator cuff tears. 

24.1     Instability 

24.1.1     Anatomy of the Shoulder 

 The shoulder is relatively unconstrained, allowing an extreme 
range of motion. Joint stability is provided by both static and 
dynamic elements [ 2 – 7 ], which allows the joint to maintain 
a large degree of freedom while remaining concentric. The 
bony anatomy of the glenoid is such that it only covers 
approximately 25–30 % of the humeral head. Additionally, 
the bony surface of the glenoid is almost fl at and its depth 
has been found to average only 2.5 mm in transverse plane 
and 9.0 mm in the caudal–cranial plane.  

24.1.2     Dislocation Mechanism/Incidence 

 Dislocation of glenohumeral joint occurs during all types of 
athletic endeavors. Anterior dislocations account for approx-
imately 95 % of all shoulder dislocations. 

 In a series of 57 patients, Baker et al. found that 76 % of 
the anterior dislocations occurred in an athletic activity [ 8 ]. 
Posterior dislocations are uncommon and an incidence of 
4 % of all dislocations has been reported [ 9 ]. Posterior sub-
luxation can frequently occur, however, in athletic events. 
Even rarer is “luxatio erecta” or inferior dislocation. The last 
variation of shoulder instability is voluntary instability. We 
don’t forget another type of instability that is very common 
in the sport that is minor instability. Overhead athletes who 
develop pain and infl ammation in their shoulders without 
overt instability episodes have been postulated to have 
increased laxity or occult instability. This theory was fi rst 
promulgated by F. Jobe [ 10 ,  11 ]. Due to repetitive nature of 
the sport, the AIGH ligament stretches over time due to 
minor trauma. This creates increased laxity of the shoulder 
with subsequent increased contact of the humeral head to the 
acromion or to the posterior-superior glenoid. This can deter-
mine a partial thickness rotator cuff tears, superior labrum 
pathology, or SLAP lesion. When the contact leads to 
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posterior- superior labrum tears, this is called “internal 
impingement” by Walch et al. [ 12 ] and by others [ 13 ]. It is 
important to distinguish this type of instability from trau-
matic instability, because the recovery and return to sport are 
different for these groups.  

24.1.3     Surgery 

 If a decision for operative management is made in the ath-
letes with shoulder instability, we must decide whether an 
arthroscopic or open stabilization procedure will be per-
formed. Traditionally, open stabilization of the shoulder has 
provided excellent overall results in patients with recurrent 
anterior instability. In the last years, arthroscopic stabiliza-
tion has produced better results than previously experienced 
and very similar to open stabilization. 

 Contraindications for arthroscopic stabilization in the ath-
letes include HAGL lesions, large glenoid defect (>20 %), 
large Hill-Sachs lesions (>30–40 %), and poor quality of the 
capsular tissue. As techniques and surgeons’ skills have 
improved, arthroscopic stabilization in the contact sports has 
become acceptable. O’Neill [ 14 ] prospectively studied 
arthroscopic anterior stabilization of fi rst-time dislocation in 
a group of 41 athletes, including 17 football players. He 
demonstrated a 98 % return to preoperative sport; 95 % had 
no additional dislocation and 90 % had good to excellent 
results. Mair et al. [ 15 ] reported on their experience of 
arthroscopic posterior stabilization of posterior labral detach-
ments in contact athletes. All 9 athletes were able to make a 
successful return to their sport, football and lacrosse.  

24.1.4     Return to Sport After Arthroscopic 
Surgery for Instability 

 It is clear that there is a large amount of anatomical pathol-
ogy encompassed in shoulder instability and dislocations. As 
can be expected, there are a myriad of protocols and guide-
lines that have been recommended after these various shoul-
der surgeries to allow a timely return by the athlete to sport. 
Despite the differences in surgical techniques, there are some 
general principles to consider in the rehabilitation process. 
Many of the same criteria evaluated for return to sports after 
a nonoperative treatment apply to athletes trying to return to 
their sport after surgical stabilization. We suggest also an 
MR imaging 6 months post-op to verify any repaired insta-
bility (Fig.  24.1 ). 

  Ideal Criteria for Return to Play 
•   No pain  
•   Patient subjectivity  
•   Normal ROM  

•   Near normal strength  
•   Normal functional ability  
•   Normal sport-specifi c skills    

 Whether the stabilization is performed by arthroscopy (or 
open), the athlete likely will need a minimum 14–16 weeks 
before being ready to return. Typically, the time range for 
return is from 4 to 6 months and it may take as long 9–12 
months: we must distinguish that return to sport is some-
times different than return to competition or game. 

 Protocols vary for sling use after surgical stabilization, 
but most use a time frame of about 6 weeks. During this 
time, the athletes begin on range of motion and some 
strengthening exercises; again, this is dependent on surgeon 
preference. As soon as the athlete is out of the sling, more 
aggressive rehabilitation begins, and neuromuscular training 
is instituted. 

 Kim et al. [ 16 ] randomized 66 patients who had received 
arthroscopic Bankart repair into two different therapy proto-
cols. Group 1 had pillow sling immobilization for 3 weeks, 
followed by pendulum and forward elevation using a pulley. 
At 4 weeks, external rotation strengthening started, but ER 
was prohibited. At 6 weeks, ER strength started. At 9 weeks, 
they allowed more vigorous exercise. Group 2 had sling in 
sleep only for 2 weeks. Forward elevation was limited to 90° 
for 2 weeks, and at 4 weeks, full range of motion was allowed 
but extreme external rotation should be avoided. There was 
no recurrence in either group but two patients in each group 
had positive apprehension. This article supports the concept 
that immobilization need not be extended in many cases after 
arthroscopic stabilization. 

 The rehabilitation process must be individualized, because 
each patient will progress at different level due to quality of 

  Fig. 24.1    MR of an instability repair after 6 months       
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tissue health, speed of healing response, adequacy of fi xa-
tion, number of dislocations, bone defect if present, and type 
of procedure performed. 

 It is very important to analyze the patient, his history 
and motivations, his psychology, and if he plays a profes-
sional sport. 

 Generally, the postoperative rehabilitation can be divided 
into four phases (see Table  24.1 , from 1 to 3).

         From the fourth to the sixth month (shoulder sport return 
rehabilitation phase), the full range of motion including 
stressless ER without loading is allowed. Return to play 
exercises for the integration of sensorimotor system (pro-
prioception, kinesthesia) and strengthening of synergetic 
force couple are performed for the functional sport. From the 
sixth month, stressful exercises for the anterior-inferior cap-
sular labrum complex during rehabilitation and practice are 
performed for return to play transition. After an adequate 
return to play transition, the resumption of previous shoulder- 
dependent sport is allowed (shoulder sport phase). 

 Ultimately, a careful clinical exam of the patient by the 
physician is essential before giving clearance for return to 
sport. It is crucial for the staff to determine how the athlete 
has achieved appropriate isokinetic strength as well as how 
he learned any mental skills. 

 The importance of appropriate rehabilitation cannot be 
overemphasized. 

 As the athlete progresses in rehabilitation, goals for return 
to play are full pain-free functional range of motion, normal 
strength and endurance, and no apprehension. Once an ath-
lete demonstrates that he is physically and mentally ready, 
the return may take place. 

 Murray and Mc Birnie [ 17 ] report that surgery achieved 
successful stabilization in 88 % of patients but only 51 % 
returned to full sport activity. Patients aged 30 years or under 
were twice as likely to return to their pre-injury level of sport 
than those aged over 30 years. Half of those patients who felt 
unable to return to sport had no subjective symptoms of 
instability or other physical symptoms related to their shoul-
der but were inhibited by fear of further injury. In order to 
increase the number of athletes returning to sport following 
primary arthroscopic stabilization of the shoulder, those 
patients with no restrictive symptoms should be encouraged 
to return to full activity. 

 Solomon and Provencher [ 18 ] report that after instability 
surgery, the results are generally excellent with appropriate 
rehabilitation gated toward functional- and sport-specifi c 
activities accomplished prior to return. The range for this 
therapy is about 3–20 months, with most able to return by 
6–8 months depending on several factors, such as sport or 
position played and specifi c shoulder structures injured and 
repaired. Often, it can be diffi cult to defi ne “safe to return” 
and maximal medical improvement. The decision process 
for how best to treat an athlete after shoulder dislocation 

must include a discussion of limitations, anticipated activi-
ties, and goals with athlete, parents, trainer, therapist, coach, 
and surgeon, sometimes also with the manager.   

24.2     Multidirectional Shoulder Instability 

 Historically, open capsular shift techniques have been the 
standard in the operative treatment of patients with MDI. More 
recently, however, a number of arthroscopic techniques have 
been described for treatment of MDI. These techniques 
include thermal or radiofrequency capsular repair/shrinkage, 
as well as other arthroscopic approaches using suture tech-
niques and/or suture anchors and the rotator interval closure. 

 The postoperative rehabilitation and return to sport in MDI 
after arthroscopic stabilization depend on many factors: fi rst, 
quality of the tissue and capsula and, second, the type of sport. 

 Immediately after surgery, the rehabilitation protocol 
employed the use of an ultra sling brace (DonJoy, Carlsbad, 
California) that immobilized the shoulder in approximately 
30° of abduction and protect the shoulder joint. On the fi rst 
postoperative day, the patient begins active wrist and elbow 
fl exion and extension exercises as well as gentle pendulums 
and passive scaption exercises. Patients are immobilized for 
4–6 weeks depending on the amount of postoperative stiff-
ness seen at follow-up. After sling immobilization is discon-
tinued, gentle passive ROM exercises are advanced and 
active assisted ROM exercises are initiated. Range of motion 
is progressed to full passive and active ROM by 2–3 months 
postoperatively. At this time, capsular stretching exercises 
are started and isotonic strengthening continued, with 
emphasis on rotator cuff. At 4 months postoperatively, 
patients are progressed into the functional phase of rehabili-
tation with plyometrics, more aggressive strengthening, and 
overhead lifting as tolerated. In general, athletes must have 
painless ROM, strength, and endurance comparable with that 
of the contralateral side before return to competition. 
Depending on the sport, most athletes are allowed to return 
to competition at or around 6–8 months postoperatively.  

24.3     Acute Traumatic Posterior Shoulder 
Dislocation 

 First described in 1838 by Sir A. Cooper [ 19 ], traumatic pos-
terior dislocation of the shoulder represents an unusual and 
challenging clinical problem. These injuries account for 
2–5 % of all shoulder dislocations [ 19 ]. Seizures, high- 
energy trauma, and electrocution are associated with a much 
greater risk of posterior dislocation [ 19 – 21 ]; diagnosis is 
missed or delayed in up to 79 % of patients [ 20 ,  21 ]. Early 
identifi cation of these dislocations reduces morbidity and 
facilitates treatment. 

24 Return to Sport After Shoulder Arthroscopy
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  Table 24.1    Instability repair rehab program  
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 The treatment can be open (McLaughlin procedure, mod-
ifi ed McLaughlin procedure, anterior approach and bone 
grafting, posterior open Bankart procedure, arthroplasty) or 
arthroscopic. 

 In rehabilitation, regardless of management type, the 
shoulder is braced in 20° of external rotation and abduction 
for 4 weeks to aid healing of posterior capsule. Pendulum 
exercise and elbow range of motion three times per day are 
encouraged. At 4 weeks, unlimited progressive range of 
motion is initiated as well as isometric posterior rotator cuff 
strengthening. Noncontact sports are allowed 3 months after 
reduction or surgery, and contact sports are permitted 4–6 
months postoperatively [ 22 ].  

24.4     Posterior Instability of the Shoulder 

 Posterior shoulder instability has an incidence between 2 
and 12 % in all cases of shoulder instability [ 23 ]. While pos-
terior instability is relatively uncommon when compared 
with anterior instability, it has become increasingly more 
recognized as a challenging condition in athletic popula-
tions. Posterior shoulder instability includes a continuum of 
pathological changes ranging from a chronic locked poste-
rior dislocation to the more common recurrent posterior 
subluxation. Athletes typically develop posterior shoulder 
instability secondary to repetitive, sport-specifi c motions, 
which infl ict minor traumatic stress to the posterior capsular 
labrum complex. 

 Many operative procedures have been described for the 
treatment of posterior instability, but today, the arthroscopic 
capsular labrum reconstruction is an effective and reliable 
procedure (with or without anchors). 

24.4.1     Postoperative Rehabilitation 
and Return to Sport 

 Immediately after surgery, the rehabilitation protocol 
employed the use of an ultra sling (DonJoy, Carlsbad, 
California) that immobilized the shoulder in approximately 
30° of abduction while preventing internal rotation. The 
sling is used for 4–6 weeks depending on the amount of cap-
sular laxity found at time of the surgery. On the fi rst postop-
erative day, the patient begins active wrist and elbow fl exion 
and extension exercises as well as gentle pendulums and pas-
sive scaption exercises. After the sling immobilization is dis-
continued at 4–6 weeks postoperatively, gentle passive ROM 
exercises are advanced, and gentle, pain-free internal rota-
tion is allowed. Active assisted ROM exercises and isometric 
internal and external rotation exercises are also initiated at 
this time. By 2–3 months postoperatively, the patient prog-
ress to full passive and active ROMs. At this time, capsular 

strengthening exercises are also instituted and isotonic 
strengthening continued, with the emphasis on the rotator 
cuff and the posterior deltoid. At approximately 6 months 
postoperatively, isokinetic testing is performed. Once the 
patient is able to achieve 80 % strength and endurance com-
pared with the contralateral side, a sport-specifi c rehabilita-
tion protocol can be initiated. In general, athletes are required 
to achieve full ROM without pain, full strength, and endur-
ance comparable with the contralateral side before return to 
competition. Most patients can return to competition by 6 
months postoperatively. Throwing athletes deserve special 
consideration and accordingly are placed on a specifi c proto-
col in which their throwing distance and speed are closely 
monitored and slowly advanced over 2–3 months. Once the 
throwing athlete is able to perform full-speed throwing for 2 
consecutive weeks without symptoms, return to full compe-
tition is permitted.   

24.5     SLAP Lesion 

 Tears of superior labrum were initially identifi ed and charac-
terized by Andrews et al. [ 24 ] in 1985 during the early years 
of shoulder arthroscopy. A few years later, Snyder et al. [ 25 ] 
coined the phrase “SLAP” tear to identify the anatomic loca-
tion and orientation of the lesion: “superior labrum anterior 
to posterior” (Figs.  24.2 and 24.3 ). It was thought that these 
lesions were the result of signifi cant traction on the long 
head of the biceps tendon during the deceleration phase of 
throwing [ 26 ]. More recently, it has been suggested that 
forces during the late cocking and acceleration phases of 
throwing may create a “peel-back” phenomena that leads to 
SLAP [ 24 ,  25 ].  

 While treatment typically begins with a structured ther-
apy regimen, surgery may be necessary in elite and recre-
ational level athletes to allow them to continue in their sport. 

 After surgery, it is extremely important to protect the 
biceps/labral complex for 6 weeks postoperatively to allow 
appropriate healing. Many protocols have been divided into 
phases. Each phase may vary slightly based on the individual 
patient and special circumstances. 

 The  overall goals  of the surgical procedure and rehabilita-
tion are to:
•    Control pain and infl ammation  
•   Regain normal upper extremity strength and endurance  
•   Regain normal shoulder range of motion  
•   Achieve the level of function based on the orthopedic and 

patient goals    
 Early passive range of motion with noted limitations is 

highly benefi cial to enhance circulation within the joint to 
promote healing. The physical therapy should be initiated 
within the fi rst week following surgery. The supervised reha-
bilitation program is to be supplemented by a home fi tness 
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program where the patient performs the given exercises at 
home or at a gym facility. 

  Important postoperative signs  to monitor include:
•    Swelling of the shoulder and surrounding soft tissue  
•   Abnormal pain response, hypersensitivity—an increase in 

night pain  
•   Severe range of motion limitations  
•   Weakness in the upper extremity musculature    

  Return to activity  requires both time and clinical evalua-
tion. At 6 months postoperatively, pitchers are generally able 
to begin throwing from a mound and progressed accordingly, 
initially throwing fastballs with increasing effort and fol-
lowed then by off-speed pitches. 

 To safely and most effi ciently return to normal or high- 
level functional activity, the patient requires adequate 
strength, fl exibility, and endurance. Functional evaluation 
including strength and range of motion testing is one method 
of evaluating a patient’s readiness to return to activity. Return 
to intense activities following a SLAP repair requires both a 
strenuous strengthening and range of motion program along 
with a period of time to allow for tissue healing. Symptoms 
such as pain, swelling, or instability should be closely moni-
tored by the patient. 

 In recent years, there have been several reports regarding 
the outcomes of arthroscopic repair of SLAP lesion. 
However, clinical experience with elite throwing athletes has 
indicated that is not, in fact, always the case [ 27 ]. 

 High-demand patients, particularly overhead elite ath-
letes, have greater challenges in returning to their pre-injury 
level of play, despite good or excellent results on outcomes 
questionnaires and routine function. 

 Neuman et al. [ 28 ] support the hypothesis that SLAP 
repair leads to improved shoulder function during routine 

daily activities but that consistent return to elite throwing 
sports, particularly at same preoperative level, remains 
challenging. 

 Recently, several authors have demonstrated that return-
ing throwing and overhead athletes to pre-injury level may 
be more diffi cult than previously reported [ 29 ]. 

 Arthroscopic SLAP repair provides a clinical and statisti-
cally signifi cant improvement in shoulder outcomes. 
However, a reliable return to the previous activity level is 
limited and within this population, 37 % of patients failed 
with 28 % revision rate. Age greater than 36 years is associ-
ated with a higher chance of failure [ 30 ]. Additional work is 
necessary to determine the optimal diagnosis, indications, 
and surgical management for those with SLAP injuries.  

24.6     Rotator Cuff 

 The rotator cuff is an important structure for overhead- 
throwing athletes because it functions as the primary dynamic 
stabilizer of the shoulder during throwing and other over-
head activity. Rupture of the rotator cuff can happen for 
trauma on the shoulder during sport, but the rotator cuff 
injury in overhead-throwing athletes is focused on young 
professional athletes, mostly baseball players in the USA or 
volley player in Europe, for example. They have a repetitive 
throwing motion that leads to posterior-superior impinge-
ment of the rotator cuff against the glenoid, which in turn can 
lead to articular-sided partial tears of the rotator cuff 
(Fig.  24.4 ) with accompanying lesions of the biceps such as 
SLAP or pulley lesions.  

 The coupled force vectors of the subscapularis and teres 
minor muscles contribute to depression of the humeral head 

  Figs. 24.2 and 24.3    Example of SLAP lesion (type 3 and 4)       

 

R. Vianello et al.



181

in the glenoid cavity. This provides dynamic stability to the 
glenohumeral joint and prevents impingement of the humeral 
head with the acromion during deltoid activation. They also 
function to prevent superior translation of the humeral head 
after rotator cuff tear. The scapula also plays an important 
role in glenohumeral function by providing a stable base for 
muscle activation and load transfer within the kinetic chain. 
Alteration in normal scapular position or kinematics has 
been termed scapular dyskinesia and can affect rotator cuff 
function. Scapular dyskinesia has also been described fol-
lowing rotator cuff tears and is thought to represent a com-
pensatory mechanism for glenohumeral motion defi cits [ 31 ]. 
The tendon healing is the really important point: healing of 
ruptured rotator cuff tendon only occurs when the tendon is 
surgically repaired back to its footprint on the proximal 
humerus. Histological studies suggest that three phases of 
rotator cuff healing occur after surgical repair. These include 
an infl ammatory phase, a proliferative or repair phase, and 
remodeling phase [ 32 ]. A fi rm understanding of the timing of 
these phases is important to safely individualize rehabilita-
tion protocols after rotator cuff repair. Following surgical 
tendon-to-bone fi xation, infl ammatory cells followed by 
platelets and fi broblasts migrate into the repair site over the 
fi rst week and begin to proliferate over the next 2–3 weeks. 
The cellular proliferation and matrix deposition of this phase 
are thought to be regulated by several growth factors and ini-
tially yield primarily type III collagen. Approximately 3–4 
weeks following repair, the remodeling phase begins and 
scar tissue organizes through extracellular matrix turnover. 
The initial type III collagen deposition is slowly replaced by 
type I collagen, continuing until mature scar tissue is formed. 
Remodeling repair tissue does not reach maximal tensile 
strength for a minimum of 12–16 weeks post repair. The nor-
mal tendon-to-bone transition including unmineralized and 

mineralized fi brocartilage is not recreated during the remod-
eling phase. Rather, repairing the rotator cuff to its anatomic 
location facilitates the formation of scar tissue in a manner 
that secures the torn tendon to the greater tuberosity in a 
more anatomic location. This, in turn, allows the rotator cuff 
to function at an anatomic length and tension, which is 
important if normal function is to be restored. 

 The post-op rehabilitation protocol is normally the same 
for all athletes. The patients are immobilized in an abduction 
pillow holding the arm in approximately 20° of abduction 
and 30° of internal rotation for 3–4 weeks. The pillow is 
gradually discontinued after 3 weeks. During the fi rst 6 
weeks, physiotherapy consisted of passive range of motion 
exercises for the shoulder. Range of motion limits are con-
tinuously increased from 60° of abduction, 60° of fl exion, 
and 10° of external rotation in week 1 to 90° of abduction, 
145° of fl exion, and 45° of external rotation in week 6. Free 
passive range of motion is allowed at week 7 and isometric 
strengthening exercises are increased to eccentric strength-
ening and weight training in week 12. Sport-specifi c exer-
cises are begun after week 12, whereas return to 
overhead-throwing sport is advised no sooner than week 21. 

 The arthroscopic rotator cuff repair allows patients to 
return to their pre-injury level in every kind of sport in very 
high percent [ 27 ].  

24.7     Discussion 

 “ Hey Doc, when can I play again after this shoulder sur-
gery?” How many times have you been asked this question ? 

  Athletes, sports associations, sports agents, and coaches 
all need to know how long recovery times will be before 
returning to competitive sports and these times should pos-
sibly be as short as possible . 

  Answers should be different ,  depending on pathology , 
 technique used , etc.,  but the most important information 
required is the exact biological recovery time of the tissues 
treated. For a safe recovery of athletic movements, an evalu-
ation of the full functional and muscle recovery is always 
required. Far too often ,  an early return to competitive sports 
in poor athletic condition or with a wrong posture ,  during a 
moment of supposed tissue recovery ,  implies a higher risk of 
traumatic recurrence or the reappearance of pain with or 
without a limitation of articular functions . 

  The joint capsule of the shoulder often reacts to reparative 
surgery through various forms of adhesive capsulitis ,  also 
in localized occurrences that need to be identifi ed timely and 
treated accordingly. A recovery of the complete passive artic-
ular ROM should always be a prerequisite ,  before proceeding 
to performing any athletic movement with the upper limbs . 

  A return to throwing events after therapeutic shoulder 
arthroscopy can be therefore permitted after accurate medical , 

  Fig. 24.4    Supraspinatus articular partial tear       
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 physiotherapeutic ,  and athletic evaluation. For example ,  an indi-
cation of 6 months as the average recovery time before returning 
to competitive sports after arthroscopic capsular plastic is only a 
purely indicative statistical datum reported in literature . 

  This rule cannot and shall not be applied automatically , 
 without precise biological ,  clinical ,  and biomechanical eval-
uations. Isolated strength recovery can lead to misevaluate 
the complete recovery of an operated shoulder ,  but cannot 
guarantee articular stability . 

  The evaluation of tendon integrity in rotator cuff repara-
tive surgery can be studied and assessed through NMR , 
 ultrasonography ,  and / or medical tests ,  but doubts regarding 
tissue elasticity ,  mechanical resistance, and fi nal biology of 
the repaired tendon will not be dispelled  [ 31 ]. 

  American authors have in fact ,  unfortunately ,  often observed 
that a full athletic recovery ,  that is ,  a recovery achieving the 
technical ,  competitive, and professional level prior to the onset 
of the injury ,  is not accomplished easily at the follow - up ,  par-
ticularly in athletes affected by a SLAP lesion of the long head 
of the biceps ,  even when correctly repaired ,  and despite follow-
ing rigorous rehab protocols  ( see annex ). 

  Which rehab protocols shall be applied ?  The following 
tables show the experience of an Italian Scientifi c Society  
( SIGASCOT ;  see  Table  24.2   from 1 to 2 )  with the sole pur-
pose of indicating scientifi c trends in rehabilitation protocols 
rather than guidelines. In professional and amateur sports , 
 as well as in work activities requiring physical effort ,  the 
focus is on athletes or workers ,  rather than in their illness or 
on a different surgical act. Before passing from a phase of 
the rehab protocol to the subsequent ,  the target set for the 
previous phase has to be reached .

          Accelerating functional and strength recovery times are 
pointless if ,  for example ,  the shoulder has not reached a 
complete degree of passive articular ROM and pain has not 
disappeared. A faster or slower return to physical activity 
also depends on the different sporting disciplines  (e.g.,  in 
contact sports ,  a slight residual stiffness can be tolerated , 
 but this is a serious problem in throwing events ).  An Italian 
Consensus Conference like SICS&G  ( Italian Society 
Shoulder & Elbow Surgery / ISS&ES )  speaks ,  for example , 
 about 180 days at least for a reasonable time to sport return 
after a surgical treatment for instability pathology  [ 33 ].     
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  Table 24.2    Rotator cuff repair rehab program  
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25.1             Introduction 

 With the growing popularity of overhead throwing sports, 
and the increasing involvement in year-round competition, 
overuse injuries to the elbow have become an epidemic 
among throwing athletes. As more attention has been directed 
toward this population, a better understanding of throwing 
biomechanics and the associated pathology has been 
obtained, and numerous unique injury patterns have been 
identifi ed. 

 As the arm passes through the late cocking and early accel-
eration phases of the throwing motion, tensile stress is placed 
upon the medial soft tissues, while the lateral and posterior 
compartments of the elbow experience compressive and medi-
ally directed sheer forces, respectively. These abnormal forces 
can result in a multitude of distinct injuries relating to the 
thrower’s elbow, including ulnar collateral ligament (UCL) 
tears, fl exor-pronator mass injuries, ulnar neuritis, posterome-
dial impingement, olecranon stress fractures, osteochondritis 
dissecans (OCD) of the capitellum, and medial epicondyle 
apophyseal injuries. Accurate diagnosis and proper care of 
elbow injuries in the throwing athlete require a thorough under-
standing of elbow anatomy and function, and numerous unique 
injury patterns have been identifi ed.  

25.2     Functional Anatomy 

 The elbow is a ginglymus, or hinged, joint, which is com-
prised of three separate articulations: the ulnohumeral, radio-
capitellar, and proximal radioulnar joints. The ulnohumeral 
joint provides the primary bony support of the elbow via a 
constrained articulation between the distal humeral trochlea 
and the sigmoid notch of the ulna. In particular, it is the larg-
est contributor to elbow stability at less than 20° of fl exion 
and greater than 120° of fl exion, when the coronoid process 
and olecranon engage their respective fossae on the distal 
humerus. The radiocapitellar joint provides a lesser degree of 
valgus stability through resistance of compressive forces at 
the lateral elbow. Between 20° and 120° of fl exion, the 
majority of the static and dynamic stability of the elbow is 
provided by surrounding soft tissue structures. 

 The ulnar collateral ligament (UCL) is the most important 
static soft tissue contributor to elbow stability in the throw-
ing athlete. The UCL is composed of three distinct compo-
nents: an anterior bundle, a posterior bundle, and a transverse 
ligament. The anterior bundle originates on the anteromedial 
edge of the medial epicondyle of the humerus and inserts on 
the sublime tubercle of the ulna. The posterior bundle is a 
fan-shaped fascicle that originates on the posteroinferior 
medial epicondyle and attaches on the medial aspect of the 
ulna. The transverse ligament, or Cooper’s ligament, extends 
from the olecranon to the base of the coronoid process. 
Previous studies have shown that the anterior bundle of the 
UCL serves as the primary restraint to valgus force through-
out the functional range of motion, between 20° and 120° of 
fl exion [ 1 – 3 ]. The posterior bundle is thinner and weaker, 
and it provides secondary elbow stability at greater degrees 
of fl exion, while the transverse ligament serves to expand the 
greater sigmoid notch as a thickening of the joint capsule. 

 Important dynamic stabilizers of the elbow include the 
fl exor-pronator mass (FPM). This muscular group shares a 
common origin on the medial epicondyle of the humerus 
and, from proximal to distal, consists of the pronator teres, 
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fl exor carpi radialis (FCR), palmaris longus (when present), 
fl exor digitorum superfi cialis (FDS), and fl exor carpi ulnaris 
(FCU). Altogether, the fl exor-pronator mass assists the UCL 
in creating the varus torque required to counteract the valgus 
force generated in the throwing motion. However, biome-
chanical data has shown that the FCU serves as the primary 
dynamic restraint to valgus force, as a result of its position in 
line with the UCL [ 4 ]. 

 In throwing athletes, the ulnar nerve can be prone to 
symptomatology and must be evaluated. The ulnar nerve 
runs along the medial upper arm and crosses from the ante-
rior to the posterior compartment at the arcade of Struthers 
before passing through the cubital tunnel at the elbow. The 
nerve then exits the cubital tunnel between the humeral and 
ulnar heads of the FCU and runs superfi cial to the fl exor digi-
torum profundus (FDP) in the forearm.  

25.3     Pathophysiology and Biomechanics 

 The throwing motion has been divided into six phases: 
windup, early cocking, late cocking, acceleration, decelera-
tion, and follow-through [ 5 – 9 ]. The late cocking/early 
acceleration and deceleration phases have been identifi ed 
as being particularly injurious to the thrower’s elbow, as the 
joint moves from approximately 110 to 20° of fl exion with 
extension velocities approaching 3,000°/s [ 10 ]. This vio-
lent motion creates signifi cant valgus and extension 
moments at the elbow, which produce tensile stress on the 
medial stabilizing structures and compression and medially 
directed shear forces in the lateral and posterior compart-
ments of the elbow, respectively. This combination of 
forces may subsequently result in overload of the valgus 
stabilizers of the elbow resulting in pathologic changes in 
the medial aspect of the elbow, and it serves as the basic 
underlying etiology for most pathologic conditions in the 
thrower’s elbow [ 11 – 14 ]. 

 Tensile stress at the medial elbow is primarily resisted by 
the anterior bundle of the UCL. Previous studies have shown 
that the UCL produces approximately 54 % of the varus 
torque necessary to counteract valgus force on the elbow at 
90° of fl exion [ 1 ]. The maximum valgus torque generated in 
the overhead throw can exceed 64 N-m, which is roughly 
twice the ultimate tensile strength of the UCL (32.1 ± 9.6 N-m) 
[ 10 ]. Repetition of these near-tensile failure loads during the 
overhead throwing motion in the presence of fl exor-pronator 
fatigue can lead to attritional injury or acute rupture of the 
UCL. Depending upon the throwing athlete’s age, increased 
stress to the static stabilizers of the medial aspect of the 
elbow can result in UCL injuries, fl exor-pronator injuries, 
olecranon stress fractures, medial epicondylitis, medial epi-
condyle apophysitis, and medial epicondyle avulsion injuries 
[ 12 ,  13 ,  15 ]. 

 The ulnar nerve is also susceptible to injury secondary to 
its position at the medial elbow. Even in healthy arms, the 
overhead throwing motion has been shown to cause increases 
in ulnar nerve intraneural pressure and cubital tunnel pres-
sure [ 16 – 18 ]. In addition, the throwing motion places upon 
the nerve a signifi cant amount of strain, which approaches 
the elastic and circulatory limits of the nerve [ 19 ]. This 
 suggests that repetition of the throwing motion can lead to 
intraneural injury and ischemia, and the nerve could be par-
ticularly vulnerable in the presence of concomitant valgus 
instability. In addition, the presence of osteophytes, fl exor-
pronator mass hypertrophy, and/or thickening of medial 
elbow soft tissues can lead to direct compression of the 
nerve, as well as to restriction of the nerve’s mobility [ 20 ]. 

 On the lateral side of the elbow, compressive forces measur-
ing upwards of 500 N have been observed at the radiocapitellar 
joint during the late cocking and early acceleration phases of 
throwing [ 10 ]. It has been theorized that such pathologic over-
loading of the lateral elbow compartment leads to changes in 
the subchondral blood supply, which may result in radiocapi-
tellar chondromalacia, cartilage degeneration, and formation of 
osteochondral fractures and loose bodies [ 21 ]. 

 At the posterior elbow, the combined valgus and exten-
sion forces result in a “windshield wiper” effect, where the 
tip of the olecranon translates medially on the humeral troch-
lea. During normal kinematics in a healthy elbow, the FPM 
and UCL function to prevent excessive medial translation 
and consequential impingement between the olecranon and 
olecranon fossa. However, in the setting of valgus instability, 
further impingement may occur at the posteromedial elbow, 
possibly leading to chondromalacia and osteophyte forma-
tion. Classically, this phenomenon has been described during 
the deceleration phase of the throwing motion at low elbow 
fl exion angles [ 11 ,  12 ,  22 – 25 ]. However, recent biomechani-
cal data from Osbahr et al. has confi rmed that there are 
increased contact forces in the posteromedial UCL-defi cient 
elbow at 90° of fl exion during the acceleration phase of 
throwing [ 13 ]. This study introduced the concept of ulnohu-
meral chondral and ligamentous overload (UCLO), which 
suggests that there is a continuum of abnormal contact forces 
and resultant posteromedial ulnohumeral impingement 
throughout the entire arc of the throwing motion in the set-
ting of UCL insuffi ciency.  

25.4     History and Physical Examination 

 Evaluation of the throwing athlete with elbow pain begins 
with a thorough history and physical examination. When 
obtaining the history, it is important to note details regarding 
sport participation, previous injuries, recent changes in train-
ing regimen, and aggravating factors. For pitchers, particular 
attention should be paid to pitch count, innings pitched, and 
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types of pitches thrown. Any changes in velocity, accuracy, 
strength, or stamina should also be documented, as these 
could suggest a chronic UCL injury. If possible, it is also 
important to determine the phase of throwing during which 
pain is experienced, as the majority of athletes with valgus 
instability will report experiencing pain during the late 
 cocking/early acceleration and deceleration phases of the 
throwing motion [ 10 ]. Mechanical symptoms may suggest 
the presence of intra-articular loose bodies, radiocapitellar 
osteochondral lesions, posteromedial chondromalacia, or 
posteromedial olecranon osteophytes. 

 Inquiry should also be made regarding vascular or neuro-
logic complaints. Numbness or tingling in the hand or fi n-
gers, cold intolerance, subjective loss of grip strength, and 
frequent dropping of objects may indicate an ulnar neuropa-
thy [ 17 ,  26 ]. Ulnar nerve symptoms can present in the setting 
of nerve subluxation or chronic overuse, or they may provide 
a clue to additional underlying pathology, such as valgus 
instability. 

 The physical examination involves a standardized 
approach to evaluation of the entire kinetic chain, including 
the shoulder and elbow, with an intent to truly comprehend 
how to improve the pathological process relating to the 
injured throwing athlete. Both upper extremities are fi rst 
inspected to detect any asymmetry in the forearm muscula-
ture, the resting position of the elbow, and the elbow carrying 
angle. In particular, a more valgus carrying angle may be due 
to adaptive changes to repetitive abnormal valgus stress 
placed upon the elbow [ 27 ]. While the normal carrying angle 
is 11° of valgus in men and 13° of valgus in women, King 
et al. noted that the throwing athlete is commonly found to 
have a carrying angle >15° [ 27 ]. 

 It is important to assess both passive and active range of 
motion of the elbow compared to the contralateral upper 
extremity. The normal fl exion/extension arc should range 
from 0° to 140°, while normal pronation and supination 
should both range approximately 80–90° from neutral. As 
pointed out by Cain et al., particular attention should be paid 
to the “end-feel” with the fl exion/extension motion arc [ 12 ]. 
The normal “end-feel” of fl exion should be that of the soft 
tissue of the upper arm contacting the soft tissue of the fore-
arm, while extension should conclude with the fi rm sensa-
tion of the olecranon engaging the olecranon fossa. A soft 
end-feel at terminal extension may indicate a fl exion con-
tracture, which is present in approximately half of profes-
sional pitchers and not necessarily indicative of an injury 
[ 27 – 29 ]. Conversely, a fi rm end-feel that interrupts terminal 
fl exion is generally a pathologic fi nding, related to osteo-
phytic changes or loose bodies [ 12 ]. 

 Palpation of the elbow should employ a systematic 
approach and investigate both bony landmarks and soft tis-
sue structures. Important bony landmarks include the olecra-
non, the medial epicondyle, and the radial head. Pain with 

palpation of the olecranon may indicate an olecranon stress 
fracture or infl ammation due to underlying posteromedial 
impingement [ 30 ,  31 ]. Tenderness at the medial epicondyle 
may indicate apophysitis or, in the immature athlete, an avul-
sion fracture or growth plate injury. The radial head is pal-
pated while the forearm is passively rotated, and the presence 
of pain may provide a diagnostic clue to an underlying frac-
ture or OCD lesion [ 21 ]. 

 Palpation of the soft tissue begins with the UCL. This is 
performed with the elbow in approximately 50–70° of fl ex-
ion to displace the FPM anterior to the ligament [ 12 ]. The 
UCL should be palpated from its origin on the medial epi-
condyle to its insertion on the sublime tubercle of the ulna. 
Pain with palpation has high sensitivity (81–94 %) but poor 
specifi city (22 %) for ligamentous injury [ 32 ,  33 ]. Tenderness 
with palpation of the FPM can indicate a muscular strain, 
which may be an isolated injury or an indication of increased 
stress due to underlying valgus instability. 

 The ulnar nerve should be palpated along its course at 
the medial elbow. Any pain with palpation or paresthesias 
with percussion at the cubital tunnel should alert the 
examiner to the possibility of ulnar neuropathy. The nerve 
should also be examined for subluxation at the medial epi-
condyle, which can be a source of pain and paresthesias 
[ 26 ,  30 ,  34 ]. 

 Provocative maneuvers are an important part of the 
physical examination of throwing athletes. Maneuvers 
designed to test for medial instability include the valgus 
stress test, the moving valgus stress test, and the “milking 
maneuver.” With the valgus stress test, the patient’s arm is 
stabilized, the elbow is fl exed to approximately 30°, and a 
valgus stress is applied. In this position, most of the stress 
is placed on the anterior band of the UCL [ 15 ]. The test is 
positive if there is loss of a fi rm end point and increased 
medial sided joint opening when compared to the contra-
lateral upper extremity. The test produces pain in approxi-
mately 50 % of patients with a torn UCL, and it has a 
sensitivity and specifi city of 66 and 60 %, respectively [ 32 , 
 35 ]. The moving valgus stress test was initially described 
by O’Driscoll and colleagues and was designed to simulate 
the valgus force experienced during the overhead throwing 
motion [ 36 ]. The maneuver begins with the patient’s elbow 
placed in full fl exion, and the examiner maintains a con-
stant valgus torque on the elbow while the elbow is quickly 
extended to approximately 30°. The test is positive if it 
reproduces the patient’s medial elbow pain between 70° 
and 120° of fl exion. The original study describing the tech-
nique reported high sensitivity (100 %) and specifi city 
(75 %) for UCL insuffi ciency [ 36 ]. The “milking maneu-
ver,” however, is performed by pulling on the patient’s 
thumb with the forearm fully supinated, the shoulder 
fl exed forward, and the elbow fl exed beyond 90°. This 
exam places valgus torque on the elbow in a higher degree 
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of fl exion and better assesses the integrity of the posterior 
band of the UCL. A positive test reveals medial sided 
elbow pain and instability [ 37 ,  38 ]. For the purpose of val-
gus stress testing, a cadaveric study by Safran et al. showed 
that neutral rotation is the best forearm position to reveal 
valgus laxity [ 39 ]. 

 The valgus extension overload test is similar to the mov-
ing valgus stress test, but is performed at lower degrees of 
elbow fl exion. The elbow is placed in approximately 20–30° 
of fl exion, a constant valgus force is applied, and the elbow 
is repeatedly forced into terminal extension [ 11 ,  40 ]. This 
test attempts to recreate the impingement of the posterome-
dial olecranon in the olecranon fossa, and the test is positive 
if it reproduces the pain that the patient experiences during 
throwing. The active radiocapitellar compression test is used 
to detect OCD lesions of the radiocapitellar joint. The test is 
performed by applying an axial load on the fully extended 
arm, while the patient actively pronates and supinates the 
forearm. The test is positive if there is pain or crepitus at the 
lateral compartment of the elbow [ 21 ,  40 ].  

25.5     Diagnostic Imaging 

 Diagnostic imaging should begin with standard anteroposte-
rior and lateral radiographs of the injured elbow, which may 
reveal osteochondral lesions in the radiocapitellar joint, 
loose bodies, or changes consistent with chronic instability, 
such as calcifi cation of the UCL. One may also consider 
including internal and external oblique views to obtain a full 
“thrower’s series” of the elbow, as well as an oblique axial 
view with the elbow in 110° of fl exion to visualize postero-
medial olecranon osteophytes [ 11 ]. Anteroposterior valgus 
stress views can reveal excessive medial joint line opening. 
An opening greater than 3 mm has been considered diagnos-
tic of valgus instability [ 32 ,  41 ], while a difference of 
>0.5 mm compared to the non-injured upper extremity has 
been shown to be consistent with a UCL tear [ 42 ]. 

 Bone scintigraphy and computed tomography (CT) are 
useful in the assessment of bony pathology, including stress 

fractures and avulsion fractures. The soft tissue structures 
around the elbow may be assessed with the use of ultrasound 
or CT arthrography. In particular, a study by Timmerman 
et al. showed that CT arthrogram has a high sensitivity 
(86 %) and specifi city (91 %) for UCL injury [ 35 ]. However, 
MRI is largely considered the gold standard for evaluation of 
soft tissue injuries about the elbow, including ligamentous 
injury and tendinopathy, as well as injury to the articular car-
tilage. Standard MRI without contrast has been reported to 
have a sensitivity of 57–79 % and a specifi city of 100 % for 
diagnosing UCL tears [ 35 ,  43 ]. Enhancement of the MRI 
with intra-articular saline or gadolinium increases the sensi-
tivity to greater than 90 % and improves diagnosis of partial 
tears, but it comes with the limitations of being a more inva-
sive and costly test [ 44 ,  45 ]. Standard and enhanced MRI 
also has an important role in the classifi cation and manage-
ment of capitellar OCD lesions, as these studies can help 
identify unstable and high-grade lesions, which may respond 
poorly to nonoperative treatment [ 46 ,  47 ].  

25.6     Prevention 

 With the growing popularity of overhead throwing sports, 
and the increasing involvement in year-round competition, 
overuse injuries to the elbow have become an epidemic 
among throwing athletes. Coincident with the rise in such 
injuries has been an increased interest in their prevention. To 
this end, the USA Baseball Medical & Safety Advisory 
Committee was created to provide scientifi cally based infor-
mation and recommendations to help reduce injury. In 2004, 
this committee established guidelines for youth baseball 
players in an effort to reduce the incidence of such injuries 
[ 48 ]. These guidelines, which were partly based on research 
by the American Sports Medicine Institute, included recom-
mendations for pitch counts, pitch types, pitching mechan-
ics, multiple appearances, multiple leagues, year-round 
baseball, and physical conditioning [ 49 ,  50 ] (Table  25.1 ). 
Adherence to these guidelines has been shown to correlate 
with the incidence of pitching-related arm pain and pitching- 

   Table 25.1    USA Baseball Youth Baseball Pitching Recommendations [ 48 ]   

 Arm pain  Remove from game immediately; if >4 days of arm pain, seek medical attention 
 Pitch counts  Game  Week  Season  Year 
 9–10 years old  50  75  1,000  2,000 
 11–12 years old  75  100  1,000  3,000 
 13–14 years old  75  125  1,000  3,000 

 Pitch types  No breaking pitches until bones have matured around puberty (~13 years old) 
 Multiple appearances  Once removed from the mound, do not return to pitching in the same game 
 Showcases  De-emphasize and/or avoid, if necessary; give adequate time to prepare with no overthrowing 
 Multiple leagues  Pitch for only one team at a time, with no overlapping seasons 
 Year-round baseball  Baseball pitchers should compete in <9 months of baseball each year 
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related injuries in multiple studies [ 50 – 54 ]. In particular, a 
follow-up study by Olsen et al. noted that athletes pitching 
more than 8 months per year were fi ve times more likely to 
require shoulder or elbow surgery, and athletes pitching 
more than 80 pitches per game were four times more likely 
to require surgery [ 50 ]. Additionally, those who only 
 occasionally pitched with a fatigued arm were four times 
more likely to undergo surgery, while those who regularly 
pitched with a fatigued arm were 36 times more likely to 
have an injury that required surgery [ 50 ].

   Despite the literature supporting the US baseball injury 
prevention guidelines and the implementation of injury pre-
vention programs, additional research shows that further work 
must be done to raise public awareness of high-risk throwing 
activities. A recent study by Ahmad et al. investigated the pub-
lic perception of UCL reconstruction and found that 31 % of 
coaches, 28 % of players, and 25 % of parents did not believe 
that the number of pitches thrown was a risk factor for injury 
[ 55 ]. In addition, 51 % of high school athletes, 37 % of par-
ents, 30 % of coaches, and 26 % of collegiate athletes thought 
that UCL reconstruction should be performed on players with-
out elbow injury in order to enhance performance. These stud-
ies highlight the need for continued endeavors to better educate 
players, parents, and coaches regarding prevention of overuse 
throwing injuries [ 55 ].  

25.7     Valgus Instability/Ulnar Collateral 
Ligament Injuries 

 Injury to the UCL was fi rst described in javelin throwers by 
Waris in 1946 [ 56 ]. Since that time, UCL injuries have been 
reported in increasing frequency among other overhead ath-
letes, particularly baseball pitchers. The UCL is the primary 
restraint to valgus stress throughout the functional range of 
motion, between 20° and 120° of fl exion, and it is subjected 
to enormous valgus forces during the throwing motion. 
These forces approach the ultimate tensile strength of the 
UCL, and repetition of the overhead throwing motion can 
lead to attritional injury and/or acute rupture. The most well- 
studied treatment options for UCL injury include nonopera-
tive management with formal rehabilitation, direct ligament 
repair, and ligament reconstruction. 

 Nonoperative management of an isolated UCL injury 
begins with short-term immobilization to control pain and 
infl ammation, as well as to limit valgus stress on the elbow. 
This is followed by a comprehensive rehabilitation program 
as described by Wilk et al., which consists of functional exer-
cises and plyometrics and focuses on pitching mechanics, 
shoulder kinematics, and motion defi cits, as well as strength-
ening of the core, upper extremities, and lower extremities 
[ 57 – 60 ]. Once the throwing athlete is pain-free and kinetic 
chain defi cits have been addressed, they may transition to an 

interval throwing program. This conservative approach is 
generally indicated in non-throwing athletes and similarly 
low-demand individuals, and it may also be considered in the 
immature throwing athlete with a partial tear of the ligament 
[ 61 ]. Skeletally mature, UCL-defi cient athletes involved in 
high-demand throwing sports may not respond well to 
 nonoperative treatment [ 62 ,  63 ]. A study by Rettig reported 
that 42 % of throwing athletes were able to return to their 
sport at or above their pre-injury level of play following non-
operative management with appropriate rehabilitation [ 64 ]. 
An injection of platelet-rich plasma (PRP) may be consid-
ered, although the data is limited for use in UCL tears. 
Podesta et al. treated 34 overhead athletes (including 27 pro-
fessional baseball players) with partial UCL tears with injec-
tions of platelet-rich plasma (PRP) and rehabilitation [ 65 ]. 
They reported 88 % excellent results with return to their pre-
vious level of competition or higher. 

 Direct repair of the UCL was initially the treatment of 
choice for UCL injuries, as early data showed better clinical 
outcomes when compared to nonoperative treatment [ 66 ]. 
However, additional studies that compared UCL repair to 
reconstruction found that overhead athletes are more likely 
to achieve better outcomes and return to their previous level 
of competition with reconstruction of the ligament [ 15 ,  67 , 
 68 ]. A recent study by Savoie et al. showed that a good indi-
cation for UCL repair may be the young athlete with a proxi-
mal or distal UCL tear with a good quality ligament. In their 
retrospective case series of 60 young amateur athletes (mean 
age, 17.2 years), they reported 93 % good or excellent out-
comes following direct repair of proximal or distal UCL 
tears using suture anchors or suture plication with repair to 
bone drill holes [ 69 ]. 

 Reconstruction of the UCL is often indicated in the high- 
level overhead throwing athlete who sustains a complete tear 
of the UCL and wishes to return to throwing sports. Ligament 
reconstruction is also considered in the throwing athlete who 
sustains a partial tear of the UCL and continues to have pain 
and/or instability despite an appropriate course of nonopera-
tive treatment, including a comprehensive rehabilitation pro-
gram as noted above. Jobe et al. described the fi rst 
reconstruction technique that afforded players a successful 
return to competition, utilizing a free-tendon graft placed 
through bone tunnels in the ulna and medial epicondyle of 
the humerus in a fi gure-of-eight fashion [ 5 ]. The fl exor- 
pronator origin was detached for the surgical approach, and 
submuscular transposition of the ulnar nerve was performed. 
Ten of 16 (63 %) throwing athletes were able to return to 
their previous level of competition; however, roughly one 
half of the patients had complications, including fi ve ulnar 
neuropraxias and one fl exor-pronator mass rupture [ 41 ]. 

 Since the original fi gure-of-eight technique was described, 
multiple modifi cations have been made in an effort to facili-
tate anatomic reconstruction, obtain strength similar to the 
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native UCL, and expedite secure graft fi xation, all while 
decreasing morbidity associated with disruption of the 
fl exor-pronator mass and transposition of the ulnar nerve 
[ 32 ,  70 – 74 ]. To this end, most modifi cations have addressed 
the surgical approach and/or the method of graft fi xation on 
both the ulnar and humeral sides. With regard to the surgical 
approach, Jobe himself transitioned to a fl exor-pronator 
muscle splitting approach, as described by Smith and Altchek 
[ 75 ], and abandoned obligatory transposition of the ulnar 
nerve. This modifi ed Jobe technique exhibited improved 
results with a greater proportion of patients returning to their 
previous level of play (82 %), as well as a decreased compli-
cation rate (12 %) [ 32 ]. 

 In 1995, Andrews and Timmerman introduced the 
American Sports Medicine Institute (ASMI) modifi cation, 
which utilizes a posterior approach between the two heads of 
the fl exor carpi ulnaris, with elevation of the fl exor-pronator 
mass and obligatory subcutaneous ulnar nerve transposition 
[ 67 ]. This approach leaves the fl exor-pronator origin intact 
and avoids morbidity associated with takedown and repair of 
the fl exor-pronator mass. Cain et al. evaluated the clinical 
outcome of the ASMI modifi cation in 1,281 throwing ath-
letes and found that 83 % of athletes were able to return to 
their pre-injury level of competition [ 76 ]. Complications 
occurred in approximately 20 % of the patients, but most 
(96 %) of these were considered minor, including transient 
ulnar nerve symptoms. 

 Modifi cations for graft fi xation have included the docking 
technique [ 70 ], interference screw fi xation [ 71 ], suture 
anchor fi xation [ 72 ], and cortical suspensory fi xation [ 73 ]. 
The DANE TJ technique (named in acknowledgement of 
Drs. David Altchek and Neal ElAttrache, as well as the fi rst 
professional baseball player to undergo UCL reconstruction 
and successfully return to competition, Tommy John) is one 
modifi cation which employs two modern fi xation tech-
niques, utilizing interference screw fi xation on the ulnar side 
and the docking technique on the humeral side [ 74 ]. To date, 
the fi gure-of-eight and docking techniques remain the most 
well-studied reconstruction techniques with reported long- 
term outcomes [ 23 ,  24 ,  76 – 79 ]. However, regardless of the 
fi xation used, most modern techniques have similar out-
comes, with 80–90 % of athletes returning to their previous 
level of play. An overall complication rate has been reported 
of between 15 and 20 %, with most consisting of transient 
ulnar neuropathy and superfi cial wound infection at either 
the graft harvest site or the elbow [ 23 ,  24 ,  76 – 79 ]. 

 Following surgery, the patient should engage in a four- 
phase rehabilitation program as described by Wilk et al. and 
noted above [ 57 – 60 ]. The fi rst phase begins immediately 
after surgery and continues for 3 weeks. Following the UCL 
reconstruction, the patient’s arm is placed in a posterior 
splint to immobilize the elbow at 90° of fl exion. The splint is 
kept in place for 1 week to allow for initial wound healing, 
and the patient is permitted to perform wrist and hand range 

of motion and hand grasping exercises during this time. 
After 1 week, a hinged brace is applied and adjusted to allow 
motion from 30° to 100° of elbow fl exion. The elbow motion 
is increased in a stepwise fashion until the patient achieves 
full range of motion by the end of the fi fth to sixth week after 
surgery. The hinged elbow brace is discontinued at the end of 
the 8th week. During phase II (weeks 4–10) and phase III 
(weeks 10–16), the patient works on progressive strengthen-
ing and continued stretching and fl exibility exercises. By 
week 12 the patient is permitted to begin an isotonic lifting 
program, including bench press, latissimus dorsi pull downs, 
seated rows, triceps push downs, and biceps curls. Week 12 
also marks the time when the throwing athlete may begin a 
plyometric throwing program. The fi rst 2 weeks of the plyo-
metric program consist of two-hand throws, such as chest 
passes, soccer throws, and side throws. During the following 
2 weeks, the patient is allowed to transition to one-hand 
throws. Phase IV (weeks 16 and beyond), the return to activ-
ity phase, consists of a formal interval throwing program. 
Throwing athletes are permitted to begin throwing from the 
mound approximately 6–8 weeks after initiation of the inter-
val throwing program, and return to competitive throwing 
can be expected 9–12 months after surgery [ 57 – 60 ].  

25.8     Ulnar Neuritis 

 Ulnar nerve neuritis can also occur in overhead throwing ath-
letes secondary to the nerve’s position at the medial elbow, 
where it is susceptible to compression and traction as well as 
to infl ammation of nearby stabilizing structures. On presenta-
tion, athletes typically complain of pain at the medial elbow 
and sensory disturbance in the ulnar aspect of the hand as 
well as the ring and small fi ngers. Overt motor weakness is 
rare in the thrower, but it can instead present as loss of ball 
control or diffi culty with performance of complex hand tasks. 
On exam, the physician should determine if there is sublux-
ation or dislocation of the nerve with palpation or elbow 
range of motion (Fig.  25.1 ). Patients may also exhibit a posi-
tive Tinel sign at the cubital tunnel, as well as a positive elbow 
fl exion test, which reproduces pain, numbness, and tingling in 
the ulnar nerve distribution with maintained maximum elbow 
fl exion and wrist extension for at least 1 min [ 80 ].  

 In addition to standard radiographic imaging, electrodiag-
nostic studies including electromyography (EMG) and nerve 
conduction velocities (NCV) may be obtained as part of the 
diagnostic work-up in cases with equivocal fi ndings on the 
physical examination. However, results of such studies must 
be interpreted with caution, as negative test results do not 
rule out the diagnosis of ulnar neuritis and symptoms of 
dynamic compression or traction. Rather, positive fi ndings 
are typically seen only with chronic or advanced nerve 
entrapment [ 18 ,  26 ,  33 ]. Symptoms of ulnar nerve infl amma-
tion or compression should alert the physician to possible 
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underlying elbow instability. In a systematic review of ath-
letes undergoing UCL reconstruction, approximately 30 % 
endorsed concomitant ulnar neuropathy [ 81 ]. Similarly, 
ulnar nerve symptoms are reported in as many as 60 % of 
throwing athletes with medial epicondylitis. Treatment 
options for ulnar neuritis include nonoperative management, 
decompression, medial epicondylectomy, and anterior sub-
muscular or subcutaneous transposition. 

 Treatment of isolated ulnar neuritis should begin with 
nonoperative management, including cessation of sports 
activities, rest, ice, and nonsteroidal anti-infl ammatory drugs 
(NSAIDs). In the presence of nerve subluxation or disloca-
tion, a 2-week trial of immobilization may be indicated, as 
well. Once the patient is asymptomatic, a stretching routine 
may be established for the elbow, forearm, and wrist, fol-
lowed by a progressive isometric strengthening program and 
gradual return to sport-specifi c functions [ 33 ]. Greater dura-
tion and severity of symptoms, as well as presence of con-
comitant valgus instability, may predict decreased success 
with nonoperative treatment [ 82 ,  83 ]. 

 Surgical intervention may be considered when nonop-
erative management fails or when the patient presents with 
advanced symptoms, such as motor weakness or muscular 
wasting. There is limited data on use of simple decompres-
sion or medial epicondylectomy to treat ulnar neuritis in 
throwing athletes. However, in the throwing athlete, decom-
pression alone is generally not recommended, as it does not 
eliminate traction force on the ulnar nerve, and medial epi-
condylectomy may destabilize the UCL or FPM as well as 
predispose to ulnar nerve subluxation or dislocation [ 37 , 
 83 ,  84 ]. Most of the available literature focuses on anterior 
submuscular or subcutaneous transposition of the nerve. 
Historically, some authors have recommended submuscular 

transposition for the potential advantage of better protec-
tion of the ulnar nerve from direct and indirect trauma [ 17 , 
 18 ,  20 ,  33 ,  34 ,  41 ]. More recently, there has been increasing 
support for subcutaneous transposition in throwing  athletes, 
as this avoids morbidity associated with disruption of the 
fl exor-pronator mass, especially in overhead athletes [ 23 , 
 67 ,  68 ,  85 ,  86 ]. 

 Regardless of the method of surgically addressing the 
ulnar nerve, the nerve must be adequately released and 
mobilized to ensure that there is no tethering or compres-
sion of the nerve along its entire course. Particular attention 
should be made to free the nerve proximally from the arcade 
of Struthers and distally from the fascia between the two 
heads of the FCU, as these areas have been identifi ed as 
common causes of incomplete release and recurrent ulnar 
nerve symptoms [ 87 – 89 ]. 

 We prefer subcutaneous transposition for the aforemen-
tioned reasons. The surgical approach is similar to that used 
for UCL reconstruction, and it begins with a 4–5 cm incision 
centered over the medial epicondyle. The medial antebrachial 
cutaneous nerve is identifi ed and protected, and the ulnar 
nerve is released from the cubital tunnel, as well as its proxi-
mal and distal restraints, as noted above. A fascial sling is 
created from a strip of the medial intermuscular septum. The 
ulnar nerve is transposed anterior to the medial epicondyle, 
and the fascial sling is laid loosely over the nerve and sutured 
to the fascia of the FPM. The elbow is then taken through a 
gentle range of motion to ensure that the ulnar nerve is able to 
move freely without compression or tethering. The cubital 
tunnel and fascia of the FCU are both closed. Meticulous 
hemostasis is obtained using electrocautery, and a drain is 
placed with plans for removal before discharge home the 
same day. The wound is closed in two layers, including a sub-

a b

  Fig. 25.1    ( a ) Intraoperative examination of the ulnar nerve ( dashed 
line ) with the arm in extension identifi es the nerve located in its ana-
tomic position behind the medial epicondyle (*). ( b ) In the setting of 

ulnar nerve instability, fl exion of the arm at the elbow results in disloca-
tion of the nerve ( dashed line ) anterior to the medial epicondyle 
(Copyright Daryl C. Osbahr)       
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cuticular closure reinforced with Steri-Strips (3 M, St. Paul, 
Minnesota). The elbow is splinted at 90° of fl exion for 1 week. 
Following splint removal, the patient is permitted to begin 
progressive range of motion exercises and rehabilitation.  

25.9     Flexor-Pronator Injuries 

 The fl exor-pronator musculature provides dynamic stability to 
the medial elbow, and it assists the UCL in creating the varus 
torque necessary to counteract the valgus forces created dur-
ing the overhead throwing motion. Repetition of the throwing 
motion can lead to muscular fatigue, chronic tendinosis, attri-
tional injury, and acute rupture of the FPM [ 12 ,  90 ]. On pre-
sentation, the throwing athlete will typically describe pain 
during the late cocking and acceleration phases of the throw-
ing motion. Examination usually reveals tenderness just distal 
to the FPM origin on the medial epicondyle, and resisted wrist 
fl exion and forearm pronation exacerbate pain. The most sig-
nifi cant differential diagnosis which must be ruled out is con-
comitant injury to the UCL. Studies have shown that FPM 
injuries accompany approximately 4.3 % of UCL injuries, and 
the risk of combined FPM and UCL injuries among baseball 
players increases after 30 years of age [ 15 ,  91 ]. 

 The vast majority of FPM injuries respond well to conser-
vative treatment, including rest, ice, and a course of anti- 
infl ammatory medication, followed by physical therapy and 
a gradual return to throwing. Surgery is considered in throw-
ers with chronic tendinosis, which does not respond to at 
least 3–6 months of nonoperative treatment, and in the rare 
case of complete rupture with associated valgus instability. 

 The literature on operative treatment and outcomes of 
FPM injuries is limited. A study by Vangsness showed that 
approximately 90 % of patients with isolated chronic tendino-
sis have a good or excellent result, and >95 % of athletes are 
able to return to sports activities, following detachment of the 
FPM origin, excision of abnormal tissue, and reattachment of 
FPM [ 92 ]. A more recent case series by Osbahr et al. identi-
fi ed a population of baseball players undergoing UCL recon-
struction who sustained concomitant fl exor-pronator injuries 
[ 91 ] (Fig.  25.2 ). Compared to baseball players with isolated 
UCL injuries, baseball players with combined fl exor-pronator 
and UCL injuries were found to be signifi cantly older 
(33.4 years versus 20.1 years) and had a signifi cantly lower 
rate of return to prior level of play (12.5 %) [ 91 ].   

25.10     Medial Epicondyle Apophyseal 
Injuries 

 Recent decades have seen an increase in elbow injuries in youth 
baseball pitchers [ 53 ]. This has been attributed to high pitch 
counts and increased sport participation, including year-round 

league play, involvement in concurrent leagues, and travel team 
play [ 51 ,  52 ]. While adolescent athletes are susceptible to UCL 
injuries, the substantial valgus forces created by the overhead 
throw more typically affect the relatively weak medial epicon-
dyle apophyseal plate, resulting in medial epicondyle apophy-
sitis and avulsion injuries [ 12 ]. 

 Classically, medial epicondyle apophyseal injuries have 
been thought to result from repetitive microtrauma over a 
prolonged time period. Early studies by Bennett and Brogdon 
introduced the concept of “Little Leaguer’s elbow” to 
describe the clinical and radiographic fi ndings discovered in 
the throwing arms of youth baseball players [ 93 ,  94 ]. Their 
patients were noted to present with a prior history of pain, 
swelling, and tenderness at the medial elbow, and radio-
graphs revealed fragmentation and physeal widening at the 
medial epicondyle. More recent studies have corroborated 
their initial reports; however, the aforementioned chronic 
radiographic fi ndings have since been seen among asymp-
tomatic adolescent baseball athletes, including both pitchers 
and position players [ 95 – 100 ]. This has created some contro-
versy regarding the overall signifi cance of these fi ndings, as 
well as their exact incidence among asymptomatic youth 

  Fig. 25.2    Coronal T2-weighted MR arthrogram of the elbow demon-
strating combined injury to the ulnar collateral ligament ( solid arrow ) 
and fl exor-pronator mass ( dashed arrow ). Note the abnormal proximal 
extension of intra-articular contrast (*) to the level of the medial epi-
condyle (Copyright Daryl C. Osbahr)       
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throwers. Depending on the study population, the incidence 
of radiographic widening and fragmentation of the medial 
epicondyle has been reported to range from 4 to 50 % [ 95 , 
 97 – 100 ]. 

 While medial epicondyle apophysitis generally presents 
with chronic complaints and fi ndings, medial epicondyle 
avulsion fractures may occur with a characteristic acute 
presentation while throwing. A case series by Osbahr et al. 
reported on eight previously asymptomatic youth baseball 
players who experienced a sudden acute avulsion fracture 
during the act of throwing [ 95 ]. Patients typically reported 
a sudden pain or “pop” while throwing and presented with 
acute pain, swelling, and tenderness, as well as decreased 
range of motion [ 95 ]. Plain radiographs are usually suffi -
cient for diagnosis and most often reveal a Salter-Harris 
type I fracture, but fragmentation of the epicondyle may be 
observed. A CT scan may be considered to determine total 
fracture displacement, as well as to assist with treatment 
decision making. 

 As previously noted, prevention is key in the management 
of elbow injuries in youth athletes, and adherence to the 
USA Baseball Medical & Safety Advisory Committee guide-
lines has been shown to correlate with the incidence of youth 
pitching-related arm pain and pitching-related injuries [ 48 –
 54 ]. Beyond prevention, the management of medial epicon-
dyle apophysitis is generally straightforward, and good 
results have been achieved with rest, ice, and activity modifi -
cation with occasional bracing or splinting [ 97 ]. However, 
there is still much debate within the literature about the opti-
mal treatment of medial epicondyle fractures [ 12 ,  91 ,  101 –
 104 ]. Many authors agree that non-displaced fractures may 
be adequately treated with a brief period of immobilization 
in a long-arm splint or cast with the elbow fl exed to 90°, yet 
there [ 12 ,  103 ]. Considerable controversy regarding treat-
ment of minimally displaced (2–5 mm) medial epicondyle 
fractures in throwing athletes, as based upon the notion that 
minimal degrees of valgus instability may be less tolerable in 
this population. Surgical decision making is further compli-
cated by the fact that the magnitude of fracture displacement 
may be underestimated by standard radiographs, and the fact 
that there is low interobserver and intraobserver agreement 
as based upon standard radiograph measurements [ 105 ,  106 ]. 
A CT scan may be obtained if there is uncertainty regarding 
fracture displacement and optimal treatment, but it comes 
with the risk of increased radiation exposure. Absolute surgi-
cal indications typically include open fractures, gross elbow 
instability, incarceration of the fracture fragment, or entrap-
ment of the ulnar nerve [ 103 ,  107 ]. 

 When operative treatment is indicated, most authors 
support open reduction and internal fi xation with a single 
screw, with or without a washer [ 95 ,  103 ,  104 ]. 
Postoperatively, the elbow is immobilized at 70–90° of 
fl exion with the forearm in neutral rotation for a maximum 

of 3 weeks. Patients are then placed in a hinged elbow 
brace to resist valgus forces. Rehabilitation begins at 
3 weeks with physical and occupational therapy to work 
on range of motion, followed by progressive strengthening 
and gradual return to physical activity. A throwing pro-
gram may begin once there is radiographic evidence of 
fracture union, good upper extremity strength, and pain-
free range of motion [ 95 ].  

25.11     Osteochondritis Dissecans 
of the Capitellum 

 Osteochondritis dissecans of the capitellum is another con-
dition that is seen primarily in the adolescent overhead 
 athlete. The exact etiology of this disorder remains contro-
versial, but it is believed to be multifactorial and strongly 
associated with repeated microtrauma to the poorly vascu-
larized immature capitellum [ 21 ,  108 ,  109 ]. Vascular stud-
ies have shown that the capitellum is primarily supplied by 
posterior end arteries that traverse the articular cartilage, 
and there is an absence of signifi cant metaphyseal collateral 
blood fl ow [ 21 – 111 ]. The overhead throwing motion pro-
duces signifi cant compression forces in the lateral compart-
ment of the elbow, which are believed to cause injury to the 
aforementioned subchondral end arteries, resulting in isch-
emia, osteonecrosis, and formation of loose bodies [ 12 ,  21 , 
 109 ,  112 ]. 

 Historically, the management of capitellar OCD has 
been based upon multiple factors, including the grade and 
size of the lesion, as well as the state of the capitellar phy-
sis [ 108 ,  109 ,  112 – 114 ]. Multiple grading systems have 
been established and are based upon the appearance of the 
OCD lesion on plain radiographs, CT, MRI, and arthros-
copy [ 112 ,  115 – 117 ]. In general, each of these systems 
grades the lesion as stable, unstable but attached, or 
detached and loose. Nonoperative management is typically 
reserved for patients with stable lesions and an open capi-
tellar physis, and it includes activity modifi cation, use of 
nonsteroidal anti- infl ammatory drugs (NSAIDs), and ces-
sation of sports participation for 3–6 months. Recent data 
has shown that approximately 90 % of such patients can 
expect spontaneous healing with nonoperative manage-
ment [ 112 ,  113 ]. 

 Operative management is indicated in patients with stable 
lesions that have failed 6 months of nonoperative manage-
ment and in patients who present with unstable lesions, artic-
ular loose bodies, or mechanical symptoms. The goals of 
surgery are stimulation of a healing response, removal of 
loose bodies, and resolution of mechanical symptoms. 
Surgical treatment options include arthroscopic versus open 
removal of loose bodies, capitellum debridement, abrasion 
chondroplasty, fragment excision, fragment fi xation, micro-
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fracture, humeral osteotomy, or osteochondral autograft 
transplantation surgery (OATS procedure). Most of the out-
come data for surgical treatment of capitellar OCD comes 
from retrospective case series, which had small sample sizes 
and/or did not utilize modern arthroscopic techniques [ 118 –
 126 ]. This makes it diffi cult to draw signifi cant conclusions 
or recommend one procedure over another. A systematic 
review by de Graaff et al. reported on the fi ndings of nine 
such studies with 219 total patients undergoing arthroscopic 
treatment for OCD of the capitellum [ 127 ]. This included 41 
patients who underwent osteochondral autografting and 178 
patients who underwent debridement, drilling, microfracture, 
and/or fragment fi xation depending on the grade of their 
osteochondral lesion. Those patients undergoing osteochon-
dral autografting had a return to sport rate ranging from 
77–90 %, and 94 % were pain-free, while all other patients 
had a return to sport ranging from 80–100 %, and 84–100 % 
were pain-free [ 127 ]. 

 Ruchelsman et al. provided a useful algorithm on capitel-
lar OCD treatment [ 21 ]. They recommend retrograde drilling 
for lesions with intact overlying cartilage and arthroscopic 
debridement with marrow stimulation (microfracture) for 
lesions with unstable cartilage caps or loose bodies. Open 
osteochondral autograft and allograft procedures are reserved 
for large defects that involve more than 50 % of the width of 
the articular surface or that engage the radial head [ 21 ]. 
When an open approach is desired, either a direct lateral or 
posterolateral approach to the elbow may be used, depending 
on the location of the lesion.  

25.12     Posteromedial Impingement 

 Impingement of the posteromedial bony and soft tissue 
structures may occur with the repetitive elbow extension and 
valgus forces created by the overhead throwing motion, par-
ticularly in the setting of UCL insuffi ciency. Such impinge-
ment can result in soft tissue swelling, osteophyte formation, 
chondromalacia, and the development of intra-articular loose 
bodies. Athletes may complain of pain at the posterior elbow, 
swelling, crepitus, locking, and/or loss of terminal extension, 
and they are likely to present with a positive valgus extension 
overload test [ 14 ,  128 – 130 ]. Plain radiographs, especially 
axial and oblique views, can help identify posterior elbow 
osteophytic changes, and MRI with intra-articular contrast 
can be performed to detect loose bodies and infl ammation of 
soft tissue structures. 

 Treatment of posteromedial impingement begins with 
prevention, including the early recognition and prompt treat-
ment of UCL insuffi ciency. Nonoperative management typi-
cally consists of NSAIDs and active rest, followed by 
rehabilitation focusing on the entire kinetic chain, including 
the lower extremities, core, scapular shoulder, and elbow. 
Elbow rehabilitation should focus on range of motion, fl exi-
bility, and fl exor-pronator strengthening. As symptoms 
resolve, the athlete may be permitted to begin a throwing 
mechanics program followed by a progressive interval 
throwing program and a gradual return to competition. If the 
patient does not obtain relief despite adequate rehabilitation, 
they may be considered a candidate for arthroscopic or open 

a b

  Fig. 25.3    ( a ) Arthroscopic examination of an athlete with posterome-
dial impingement reveals a large posteromedial olecranon osteophyte 
(*) and associated chondromalacia of the humeral trochlea ( circle ). 

( b ) Removal of the olecranon osteophyte ( dashed line ) reveals more 
extensive cartilage damage and allows further evaluation and treatment 
of the posterior humeral trochlea (Copyright Daryl C. Osbahr)       
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debridement of the elbow with focus on osteophyte excision, 
treatment of chondromalacia, and removal of loose bodies. 

 Arthroscopic debridement has become the treatment of 
choice, as it allows excision of loose bodies, direct visu-
alization of articular surfaces, drilling of osteochondral 
defects, and evaluation of the UCL for undersurface tears 
(Fig.  25.3 ). To date, there have been very few studies which 
have specifi cally investigated the outcomes of arthroscopic 
debridement for the treatment of posteromedial impinge-
ment. Rahusen et al. reported on 16 athletes with iso-
lated posterior impingement who underwent arthroscopic 
debridement of the olecranon and posterior fossa [ 131 ]. 
There was no comparison group, but their cohort had sta-
tistically signifi cant improvement in the modifi ed Andrews 
elbow scoring system (69/100 preoperatively versus 93/100 
postoperatively) and the visual analog scale for pain, both 
at rest (3/10 versus 0/10) and with activity (7/10 versus 
2/10) [ 131 ]. Outcome data from other studies has shown 
that arthroscopic treatment with debridement, olecranon 
osteophyte excision, and loose body removal has permitted 
72–85 % athletes to return to play at their previous level 
of competition [ 31 ,  132 ,  133 ]. Additionally, the American 
Sports Medicine Institute’s 2-year follow-up data on UCL 
reconstruction showed that athletes had an equivalent or 
higher return to play rate (86 % versus 82 %) when olec-
ranon osteophyte excision was performed at the same time 
as their UCL reconstruction, compared to performing UCL 
reconstruction alone [ 76 ]. In the same study, arthroscopic 
debridement of an olecranon osteophyte was the most com-
mon reason for additional surgery, and reoperation for olec-
ranon osteophyte excision after UCL reconstruction carried 
a worse prognosis for return to play at the same level of 
competition or higher (71 %) [ 76 ].  

 When planning to perform arthroscopic excision of olec-
ranon osteophytes, it is important to discuss with the athlete 
the risk of unmasking or creating valgus instability. A study 
by Andrews and Timmerman noted that approximately 25 % 
of professional baseball players who had previously under-
gone a posteromedial olecranon osteophyte excision required 
a subsequent UCL reconstruction [ 67 ]. This phenomenon 
may be due to an unmasking of preexisting subclinical val-
gus instability caused by an insuffi cient UCL, such as that 
seen in the setting of ulnohumeral chondral and ligamentous 
overload, and highlights the importance of early recognition 
of UCL insuffi ciency. Similarly, when osteophyte excision is 
performed, care must be taken to limit the removal of bone to 
the osteophytic overgrowth, only, as recent studies have 
shown that overzealous excision involving the native olecra-
non may result in medial elbow instability [ 134 – 137 ]. A bio-
mechanical study by Kamineni et al. found that resections of 
the posteromedial aspect of the olecranon >3 mm may jeop-
ardize the function of the anterior bundle of the UCL because 
it places increased strain upon the ligament [ 136 ].  

25.13     Olecranon Stress Fractures 

 Olecranon stress fractures in overhead throwing athletes 
are thought to be related to the interaction of the osseous 
and soft tissue restraints of the elbow as they respond to the 
repetitive, enormous valgus, and extension loads, which are 
generated during the throwing motion [ 10 ,  15 ]. This 
includes impingement of the posteromedial olecranon, as 
well as excessive tensile stress of the triceps tendon and an 
intact UCL [ 10 ,  30 ]. Patients will typically present with 
tenderness upon palpation of the posterior olecranon, par-
ticularly the posteromedial aspect [ 30 ]. Conventional 
radiographs are an important fi rst step in imaging for stress 
fractures; however, radiographic fi ndings may not be appar-
ent early in the disease process resulting in a delay in diag-
nosis [ 138 – 143 ]. For this reason, advanced imaging 
including bone scintigraphy, MRI, or CT may be necessary 
to establish a diagnosis. 

 To further guide diagnosis and treatment, Osbahr et al. 
established a classifi cation system, which expanded upon 
previous work by Nakaji et al., to include both skeletally 
immature and skeletally mature injury patterns [ 144 ,  145 ] 
(Table  25.2 ). In general, olecranon stress injuries without a 
discrete fracture line on imaging will heal well with conser-
vative management, including throwing cessation and active 
rest with or without use of a bone stimulator, followed by a 
three-phase rehabilitation program focusing on progressive 
range of motion, strengthening, and a throwing program [ 30 , 
 144 ,  146 ,  147 ]. However, in throwing athletes, olecranon 
stress injuries with a fracture line demonstrated on conven-
tional radiographs may require operative treatment to ensure 
successful healing and return to play [ 144 ,  145 ,  148 – 150 ]. 
When operative treatment is indicated, many authors support 
open reduction and internal fi xation with the use of a single, 
cannulated cancellous screw (6.5–7.3 mm) for transverse 
fracture patterns, while more proximal oblique fracture pat-
terns may require two 4.0 mm screws placed perpendicular 
to the fracture line [ 144 ,  150 – 152 ]. Figure-of-eight tension 
band wiring with either high strength suture or metal wire 
may be used to supplement the fi xation, but may increase the 
likelihood of reoperation for painful retained hardware 
[ 152 – 154 ]. Elbow arthroscopy may be employed to aid in 
fracture reduction, as well as to address other intra-articular 
pathologies, including loose bodies, osteophytes, and chon-

   Table 25.2    Olecranon stress injuries   

 Type 1  Adolescent apophyseal line olecranon stress injury 
 Type 2  Metaphyseal olecranon stress reaction 
 Type 3  Mid-proximal oblique olecranon stress fracture 
 Type 4  Proximal transverse olecranon stress fracture 
 Type 5  Olecranon tip stress fracture 
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dromalacia. Additionally, olecranon tip fractures can be 
treated via arthroscopic debridement with isolated olecranon 
tip excision [ 12 ,  144 ].

   In the largest case series to date, Paci et al. reported on the 
outcomes of 18 baseball players with olecranon stress frac-
tures, which were treated by open reduction and internal 
fi xation with a single, titanium, cannulated compression 
screw [ 152 ]. All patients went on to successful union, and 17 
of the 18 patients (94 %) were able to return to baseball at or 
above their prior level of play. However, six (33 %) patients 
required hardware removal, including two for infection. 
Their series also highlighted the incidence of concomitant 
and future throwing injuries, including UCL tears (11 %), 
and the value of using titanium screws to reduce MRI inter-
ference should future MRI be warranted [ 152 ].  

25.14     Summary 

 The overhead throwing motion creates signifi cant valgus and 
extension moments at the elbow, which can result in unique 
injury patterns seen in the throwing athlete. These abnormal 
forces can result in a multitude of distinct injuries, including 
ulnar collateral ligament tears and sprains, fl exor-pronator 
mass tears and strains, ulnar neuritis, posteromedial impinge-
ment, olecranon stress fractures, osteochondritis dissecans 
(OCD) of the capitellum, and medial epicondyle apophyseal 
injuries. Accurate diagnosis and proper treatment of elbow 
injuries in the throwing athlete requires a thorough under-
standing of elbow function and anatomy, as well as an under-
standing of throwing mechanics and pathomechanics. The 
preoperative evaluation should focus on a thorough history 
and physical examination, followed by use of specifi c diag-
nostic imaging modalities. Recent advances in both nonopera-
tive and operative treatment, including arthroscopic techniques, 
have afforded the athlete a successful return to competition.     
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26.1            Distal Biceps Lesions 

 The treatment of lesions of the distal tendon of the humeral 
biceps still represents an open chapter of orthopaedic 
surgery, with questions related to the anatomy of the native 
tendon and to the epidemiology, diagnosis and therapeutic 
options. 

 In the face of a complete lesion of the distal biceps ten-
don, surgical reconstruction is advised, especially in athletes; 
however, the best surgical approach, fi xation technique and 
rehabilitation protocol are still matters of debate in the 
literature. 

26.1.1     Epidemiology 

 Breakage of the distal biceps tendon is a rare occurrence that 
causes an evident loss of strength of the limb. Its incidence in 
the general population is about 0.9–1.8 new cases per 
100,000 persons every year [ 1 ], representing about 3 % of all 
biceps lesions. It is more frequent in men (>95 % of cases) 
aged between 30 and 60 years. The dominant limb is most 
frequently involved (86 % vs. 14 %). In smokers and in sub-
jects taking steroids the relative risk is increased about 7.5 
times. People typically incurring this type of lesion are body-
builders, sportsmen or hard manual labourers [ 1 ].  

26.1.2     Etiology 

 The pathogenic mechanisms of distal biceps lesions are not 
completely clear. As for all tendon lesions, advancing age 
and increased functional demands contribute to normal time- 

related degeneration. In theory, there may be a basic vascular 
impairment, which is secondarily affected by mechanical 
factors. Seiler et al. [ 2 ], in a cadaveric study, have observed a 
less vascularised zone about 2.14 cm long between the mus-
culotendinous portion and the bone insertion. Branches of 
the radial artery supply the proximal portion, and electronic 
microscopy has shown focal degenerative zones in the hypo-
vascularised area, which may act as a  locus minoris resisten-
tiae , favouring failure. In the same study, serial tomographies 
at different degrees of pronosupination have also shown that 
during maximum pronation the distance between the lateral 
edge of the ulna and the radial tuberosity is 48 %, lower than 
during maximum supination. Moreover, during pronation of 
the wrist the tendon fi lls about 85 % of the radioulnar space 
at the level of the tuberosity; therefore, repetitive pronosupi-
nation movements can cause a mechanical impingement 
(Fig.  26.1 ). Although the real causes of distal biceps tendon 
lesions have not yet been defi ned, the conclusions drawn 
from this study confi rm the validity of the vascular and of the 
mechanical theory [ 2 ]. The limited space available for the 
tendon can be restricted even more by chronic bursitis or by 
hypertrophy of the radial tuberosity [ 3 ,  4 ]. In the same way, 
during work or sport activity, the proximal migration of the 
forearm muscle bellies in the course of a “power grip” 
increases the tension at the lacertus fi brosus. This in turn 
modifi es the distal biceps geometry, distorting it in the ulnar 
direction and increasing the forces placed on the tendon [ 5 ].   

26.1.3     Clinical Presentation 

 Usually, the patients refer to the tendon rupturing during sud-
den extension of the fl exed elbow. This movement produces 
an eccentric muscular contraction followed by pain in the 
antecubital fossa. Also, an audible pop is often felt before the 
pain sensation and the appearance of an ecchymosis. After 
the acute pain has decreased, a feeling of discomfort or pain 
of minor intensity is felt during elbow fl exion and more 
severely during active supination. At the clinical observation 
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the normal biceps contour disappears and an odd profi le 
appears, called “Popeye deformity”. This type of deformity 
is more evident in patients with a well-developed muscular 
mass. At the acute stage patients do not complain about 
restrictions of fl exion, extension, pronation and supination. 
An evaluation of strength proves diffi cult, as pain affects the 
clinical results. At the subacute stage the patient refers to 
easy fatigability during consecutive movements of supina-
tion together with elbow fl exion. Although this is the typical 
clinical history, tendon rupture can also go unrecognised, 
especially when the lacertus fi brosus remains intact. If the 
lesion is misdiagnosed and not adequately treated, pain grad-
ually decreases over time. About 21 days after trauma most 
of the patients feel no pain or functional limitation, which is 
revealed only when resuming working or the recreational 
activities formerly performed. A chronic lesion is more dif-
fi cult to treat and the results are worse [ 6 ,  7 ]; therefore, early 
clinical diagnosis is important. Several authors have made 

the effort to defi ne a clinical test with good sensitivity and 
specifi city for distal biceps lesions. Ruland et al. [ 6 ] have 
suggested a test similar to the Thomson test for Achille’s ten-
don lesions, with “squeezing” of the biceps muscle belly 
while observing whether or not spontaneous forearm supina-
tion takes place. The test is positive when the movement is 
absent. Thomson [ 7 ] have described the “hook test”. The 
examiner tries to “hook” the tendon in the antecubital fossa 
with the elbow during 90° fl exion. When this is not possible 
there is a high probability that the tendon is broken. The 
results of their study indicate sensitivity and specifi city of 
about 100 %, compared with 92 % sensitivity and 85 % spec-
ifi city for MRI in the same patients. The authors stress the 
importance of grasping the lateral part of the tendon to avoid 
the medially placed lacertus fi brosus provoking misdiagno-
sis of the lesion. 

 In our experience, the clinical examination has proved 
essential. The history of the traumatic event may be evident, 

a

b

  Fig. 26.1    Anatomical relations 
of the distal biceps tendon with 
the radius and ulna in supination 
( a ) and pronation ( b ) (School of 
Anatomical Drawing, University 
of Bologna, Rizzoli Orthopaedic 
Institute)       
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while sometimes it suggests more subtle lesions with sequen-
tial two-stage ruptures, without any evident sprain and with 
a history of recurrent or chronic pain. An accurate evaluation 
looking for a popeye sign is important; however, a thick sub-
cutaneous fat layer can hide it. Care also has to be taken in 
palpating the muscle mass of the retracted biceps. As time 
since the traumatic event passes, the deformity becomes 
more evident and the muscle tone improves. A less retracted 
but evidently fl accid muscle indicates an acute lesion. The 
hook test remains the best, to be performed several times, 
with the elbow during fl exion, during different degrees of 
pronation and supination. In any case, only a comparison 
with the opposite limb allows clinical examination to indi-
cate the diagnosis. 

 A differential diagnosis with other possible causes of pain 
in the antecubital fossa is always necessary; namely, biceps 
tendon tendinitis, a partial tendon lesion, bursitis, posterior 
interosseous nerve syndrome and entrapment of the lateral 
cutaneous nerve of the forearm.  

26.1.4     Diagnostic Examinations 

26.1.4.1     X-Ray 
 Plain radiograms have no diagnostic value in distal biceps 
tendon lesions, but they are useful for a general assessment 
and to rule out possible concomitant bone lesions. No cases 
have been reported with radiographically visible bony avul-
sions. When present, calcifi c degeneration of the biceps 
insertion may be demonstrated; however, this does not imply 
a tendon lesion.  

26.1.4.2     MRI 
 Magnetic resonance imaging is the gold standard examina-
tion for identifying these lesions. Usually, it is performed 
with the arm in extension and in the axial plane, owing to the 
longitudinal course of the tendon in the antecubital fossa. 
This type of view allows easier diagnosis of partial tears that 
are otherwise diffi cult to identify [ 8 ,  9 ]. 

 Giuffre and Moss [ 9 ] described a technique for optimal 
patient positioning, allowing examination of the whole 
length of the tendon from the musculotendinous junction to 
the insertion on the radial tuberosity in at least one if not 
two sections. The patient is placed inside the scanner in 
prone position with the arm to be examined elevated over-
head (shoulder in 180° abduction with the arm beside the 
head, the elbow in 90° fl exion, the forearm in supination 
and the thumb pointing upwards). This position is known 
under the acronym FABS (fl exion, abduction, supination). 
The optimal equipment includes a shoulder coil to be 
placed around the elbow, so that it lies in the middle of the 
magnets. The FABS sequence is added to the conventional 
positions of the biceps.  

26.1.4.3     Echography 
 Ultrasound imaging has been extensively used for the diagno-
sis of distal biceps rupture, as it has a lower cost and greater 
availability than MRI. This technique allows the continuity of 
the distal tendon or changes in its size to be assessed [ 9 ]. 
Dynamic ultrasound examination can help in distinguishing 
between partial and complete rupture. Unfortunately, this is an 
operator-dependent diagnostic technique, less reproducible 
than MRI, and it loses both sensitivity and specifi city in obese 
patients, or those with highly developed muscular masses, or 
those with previous surgical procedures in the same area. 
Echography, therefore, requires an operator with very good 
musculoskeletal pathology training. Bird [ 10 ] developed the 
use of the pronator teres acoustic window, which can provide 
better visualisation of the bicipital insertion.   

26.1.5     Treatment 

26.1.5.1     Conservative 
 The fi rst studies on these lesions suggested that conservative 
treatment might be the best therapeutic option, allowing 
excellent functional recovery as early as 4 weeks after the 
event [ 10 – 12 ]. In 1985, Baker and Bierwagen [ 13 ] were the 
fi rst to examine the changes in strength in conservatively 
treated patients compared with those who had received surgi-
cal treatment. The results reported in their study show a 40 % 
loss of strength during supination, a 79 % loss in supination 
cycles, and a 30 % loss of strength during fl exion, both abso-
lute and cyclic, for non-surgical patients compared with 
those undergoing surgery. Morrey et al. [ 14 ] reported similar 
conclusions, with a 40 % loss during supination and a 30 % 
loss during fl exion. These studies have stressed how the 
bicipital action occurs primarily during supination and only 
secondarily during elbow fl exion. More recently, two studies 
conducted by Chillemi et al. and by Hetsroni et al. [ 15 ,  16 ] 
have shown that even from the view point of clinical scoring 
systems (European Society for Surgery of the Shoulder and 
Elbow Score) and of subjective and objective perceptions 
(isokinetic tests) the results are superior after surgical treat-
ment to those after conservative treatment. The most recent 
trial, with the wider pool of patients and the longest follow-
 up, has been conducted by Freeman’s group [ 17 ]. They 
showed after conservative treatment supination strength 
equal to 74 % and fl exion strength equal to 88 % compared 
with the contralateral healthy side, and the results were bet-
ter when the lesion had occurred in the non-dominant arm 
(83 % vs 60 % for supination strength). In the same study, it 
was once again demonstrated that the main loss of strength 
after conservative treatment concerned supination—74 % vs 
101 % of surgical patients—and it was confi rmed that the 
gap increased in the case of lesions of the dominant arm. 
Disabilities of the arm, shoulder and hand (DASH) scores, 
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however, were inferior (lower impairment) in conservatively 
treated patients than in those who had received surgery. The 
authors’ conclusion is that the results in subjective outcomes 
should be attributed to the absence of surgery and to the post- 
operative protocol. 

 Nowadays, we therefore restrict conservative treatment to 
sedentary patients who have no need for full absolute strength 
and who do not perform repetitive movements, mainly dur-
ing pronosupination, patients who cannot be scheduled for 
surgery and those who voluntarily elect to accept loss of 
muscular strength and endurance rather than facing the risks 
of surgery and the long recovery time. Conservative treat-
ment includes temporary immobilisation, the use of drugs 
for pain control and then rehabilitation cycles. Resuming 
previous manual activities is allowed as soon as the patient 
feels ready, usually no longer than 1 month after the tendon 
rupture. Even though cases are reported in which there is 
persistent discomfort or pain in the antecubital fossa, the 
results are generally satisfactory.  

26.1.5.2     Anatomical or Non-anatomical Repair 
 When the advantages of the surgical treatment as the best 
therapeutic option for the lesions of the distal biceps were 
understood, the question arose of whether an anatomical or a 
non-anatomical repair might be better. The fi rst option 
involves the reinsertion of the tendon at the radial tuberosity, 
whereas the second one is aimed at suturing the tendon to the 
brachialis muscle. The literature review by Ratanen and 
Orava about 147 patients [ 18 ] describes a higher level of 
clinical satisfaction in the patients operated on using an ana-
tomical procedure than in those subjected to non-anatomical 
surgery (60 %) or conservative treatment (14 %). More 
recently, Klonz et al. [ 19 ] evaluated using an isokinetic test 
the real functional recovery of patients operated on using 
both techniques, detecting similar values in fl exion strength 
recovery, but a defi nitely lower supination strength in patients 
with a non-anatomical reconstruction. On the other hand, 
patients subjected to an anatomical repair had a higher rate 
of heterotopic ossifi cations. 

 Nowadays, when the indication for surgery is selected, 
the anatomical reinsertion of the tendon is preferred. Suturing 
the tendon to the brachialis muscle is a salvage option for the 
few cases in which taking the biceps tendon back to the 
radial tuberosity proves impossible at surgery.  

26.1.5.3     Partial Ruptures 
 Partial rupture of the biceps tendon is a rare occurrence and 
few cases are described in the literature. The diagnosis in 
these cases is more diffi cult, as patients complain about 
vague symptoms and also clinical signs are less clear. 
Patients often describe a clinical history of vague pain in the 
antecubital fossa and when a loss of strength during supina-
tion and fl exion is present, it is less evident than in patients 

with a total lesion. In these cases, performing an MRI is 
more useful, as it allows the extension of the lesion to be 
defi ned and in many cases the collateral aspects of tendon-
itis, or tenosynovitis, or bursitis to be shown. 

 The fi rst treatment in these cases is the control of pain 
using anti-infl ammatory drugs, which can be associated with 
a physiotherapy protocol aimed at stretching the anterior 
structures of the elbow. In the case of persistent pain and 
functional limitations, surgical treatment is warranted. The 
authors who described this type of lesion suggest transform-
ing the partial lesion into a complete lesion and to reinsert 
the tendon at its anatomical site [ 19 – 23 ].  

26.1.5.4     Chronic Ruptures 
 When the lesion dates back to 6–8 weeks or more, then it 
should be defi ned as chronic. These lesions are the most dif-
fi cult to treat, mainly because of the muscular retraction. An 
intact lacertus fi brosus provides the conditions for the possi-
bility of reinserting the biceps tendon into the radius, because 
if it breaks, proximal tendon retraction, soft-tissue adhe-
sions, tendon shortening and resorption preclude reconstruc-
tion with the native tendon. The fi rst suggested options were 
conservative treatment [ 11 – 24 ] and suture to the brachialis 
muscle [ 25 – 29 ], with results similar to those formerly 
described; namely, a partial loss of fl exion strength and a 
more consistent loss of supination strength. Sotereanos et al. 
[ 30 ] tried to repair chronic lesions in one surgical step, sepa-
rating the tendon from soft-tissue adhesions as the fi rst step, 
then sectioning the lacertus fi brosus and lengthening the ten-
don by making radial micro-incisions when traction alone 
was ineffective. Unfortunately, it was not possible to take the 
tendon back to the radial tuberosity in a number of cases and 
in these patients a graft was employed. This extensively stud-
ied technique can include the use of fascia lata, or the liga-
ment advanced reinforcement system (LARS), or 
semitendinosus, or homologous tendons, and none of the 
types of graft proved mechanically superior to the others.  

26.1.5.5     Surgical Technique 
 The choice of the surgical approach for a lesion of the distal 
tendon of the biceps brachii is still a source of controversy 
among surgeons, because there is no scientifi c evidence of 
the superiority of one technique over the other. The single 
incision with anterior approach is historically associated 
with a higher chance of neurological lesions, probably the 
consequence of a larger dissection and the need for wider 
retractors to visualise the tendon and to reinsert it on its ana-
tomical footprint. With the aim of avoiding these complica-
tions, Boyd and Anderson developed the two-incision 
technique, limiting the anterior tissue dissection. However, 
its safety was initially impaired by an increased chance of 
radio-ulnar synostoses and injuries of the posterior interosse-
ous nerve. 
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 Over the years these two techniques have been improved. 
Morrey et al. [ 31 ] refi ned the two-incision approach, improv-
ing the posterior muscle splitting to avoid elevating the ulnar 
periosteum and therefore the risk of radio-ulnar synostoses. 
The improvements in the one-incision approach have been 
related to the introduction of fi xation systems (anchors, 
endobutton, interference screws), which allowed the anterior 
exposure to be limited. 

 Regional anaesthesia is generally preferred, unless the 
anaesthesiologist or the patient prefers otherwise. The patient 
is placed supine on the surgical table with the upper limb in 
about 90° abduction over a hand surgery stand in supination. 
The surgeon and the assistant are on the opposite sides of the 
limb, while the scrub nurse is in front of the stand on the 
same side of the body as the surgeons. A tourniquet is placed 
at the upper arm (it is advisable to exsanguinate the limb 
only after identifying and isolating the biceps tendon). After 
preparing the skin the surgical fi eld is set up. 

   Tendon Identifi cation and Evaluation of the Lesion 
 The fi rst incision described was shaped like an italic S cen-
tered on the cubital crease, with isolation of the main vascular 
and nervous trunks and anatomical dissection down to the 
radial tuberosity where the biceps tendon had to be reinserted. 
Over the years, the need for more limited surgical aggressive-
ness has led to the development of less invasive techniques. 

 The anterior incision only needs to be a few centimetres 
long (Fig.  26.2 ) The anterior cubital aspect has several trans-
verse skin folds that become evident with elbow fl exion. If a 
transverse incision is selected, following one of these folds 
will allow a better cosmetic result. This corresponds to the 
central part of the italic S incision. The choice of the level of 
the incision is important. If it is more proximal it allows better 
exposure of the biceps at the myotendinous junction, but it 
impairs exposure of the radial tuberosity. It is therefore pref-
erable to make a more distal incision, about 2 cm from the 
main cubital crease. The biceps tendon can be identifi ed by 
elbow fl exion and subcutaneous tissue dissection; at the same 
time, by elbow extension, it is possible to expose the proximal 
radius without excessive soft tissue traction by the retractors. 
It is always possible, if needed, to enlarge the approach with 
a proximal or distal longitudinal extension of the incision.  

 In our experience we have changed the line of incision, 
from the formerly described transverse line to a 3- to 4-cm 
longitudinal incision centred over the radial head. Elbow 
fl exion and the use of retractors allows the same view as per-
mitted by the transverse incision for tendon identifi cation, 
while the anatomical dissection for exposure of the radial 
tuberosity proves more simple and safe, although it is more 
diffi cult in muscular and tall patients. It is possible, in any 
case, to enlarge the exposure by a proximal extension of the 
incision following the line of the italic S (Fig.  26.2 ). 

a b c d
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  Fig. 26.2    Surgical approaches. Extended italic S incision ( a ) and less invasive incisions, longitudinal ( b ) and transverse ( c ). If needed, both of 
these incisions can be extended proximally or distally ( d ,  e ) (School of anatomic drawing, University of Bologna, Rizzoli Orthopaedic Institute)       
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 In the subcutaneous layer the superfi cial cubital veins are 
situated. Whenever possible, these veins are isolated and 
respected; however, if they are an obstacle for surgical expo-
sure they have to be ligated, as their size does not allow sim-
ple cauterisation. The cephalic vein usually lies over the 
lateral cutaneous nerve of the forearm. It is advisable to iden-
tify this nerve, isolating it using a vessel loop (Fig.  26.3 ) and 
placing it in the lateral part of the surgical fi eld. It is now 
possible to safely pay attention to the search for and explora-
tion of the biceps tendon.  

 Multiple conditions may occur. The tendon may only be 
partially detached from the tuberosity. In this case the medial 
lacertus fi brosus is intact and the tendon lies in its anatomical 
site inside its sheath, although it has lost its tension. It is easy 
to follow it distally and to test its resistance to traction using 
a hook. In most cases a mild traction makes the lesion com-
plete and the tendon comes out. If on the contrary it resists 
traction, the option to abort surgery can be considered (after 
careful examination of the myotendinous junction to rule out 
a proximal rupture). However, if the tendon is loose, it is bet-
ter to expose the tuberosity and transform the partial lesion 
into a total lesion by detaching the few residual fi bres. 

 When the lesion is complete, the sheath is empty, and 
inside there is serous haematic fl uid, which is more abundant 
if the injury is recent. The tendon stump can usually be found 
proximally, underneath the biceps muscle belly. When the 

lacertus fi brosus is also broken, the tendon can be found 
folded in itself and migrated proximally by several centime-
tres. In these cases, especially if surgery is performed 15–20 
days after the injury, it is wise to extend the incision proxi-
mally and perform a very careful dissection of the tendon 
from the surrounding scar tissue, which can show the same 
colour and consistency as the tendon. Once the tendon is iso-
lated, its distal portion is taken out of the surgical wound and 
the degenerated fi bres at the extremity are removed.  

   Tendon Repair at the Radial Tuberosity 
 The surgical techniques can be separated into two main 
groups, the single anterior approach and the double anterior 
and posterior approach. 

   Single Anterior Approach Technique 
 The radial tuberosity should be carefully exposed. The litera-
ture reports bony anchors, or endobutton, or interference 
screws as fi xation devices alternative to the transosseous 
suture. A transosseous repair with a bony trough, as described 
for the double incision technique, is not easy to perform with 
an anterior single approach and is less strong in cadaver 
tests. The mechanically stronger methods are the endobut-
ton, which unfortunately is associated with a risk of damage 
to the posterior interosseous nerve, and fi xation by an inter-
ference screw, which carries the risk of late bony resorption 
of the proximal radius. Apart from evaluation of which is the 
mechanically stronger method, none of the techniques has 
shown clinical superiority over the others. We therefore 
selected the anterior single approach technique to use bony 
anchors, as we believe that they represent the best compro-
mise among mechanical strength, surgical reproducibility 
and risk of complications. 

 After the lateral cutaneous nerve of the forearm has been 
identifi ed and moved laterally, the deep dissection is carried 
out. The superfi cial veins are ligated or cauterised and the 
brachioradialis and round pronator muscle bellies are 
retracted laterally and medially. The recurrent vessels are so 
exposed that they correspond to the level of the radial tuber-
osity and have to be carefully dissected and ligated to gain 
access to the bone (Fig.  26.3 ). 

 Forceful forearm supination allows access to the tuberos-
ity, from which the tendon fi bre remnants and scar tissue 
need to be cleaned. The working fi eld is deep; a lever can be 
used on the medial side, while attention should be paid to the 
lateral side, where the posterior interosseous nerve lies inside 
the supinator muscle close to the bone. It is therefore prudent 
to only place a retractor on this side, which applies less pres-
sure than a lever (Fig.  26.4 ).  

 The bony surface is roughened to promote 
 tendon-to- bone healing. The holes for the anchors have to 
be carefully prepared so that they are inserted correctly 
and they are guaranteed to hold. It is our practice to drill 

  Fig. 26.3    Exposure of the proximal radius. The cephalic vein is moved 
laterally; the superfi cial branch of the radial nerve is identifi ed, pro-
tected and moved laterally. The recurrent vessels have to be isolated and 
ligated before approaching the radial tuberosity in the depth of the fi eld 
(School of Anatomical Drawing, University of Bologna, Rizzoli 
Orthopaedic Institute)       
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both cortices using a 1.5-mm drill; the proximal hole is 
then enlarged by a 2.5-mm drill to insert a 5-mm anchor 
(Fig.  26.5 ). To reduce the risk of cortical fracture, a 10 cm 
gap is left between the fi rst and the second anchor. Our 
preference is to use threaded anchors, as they can be eas-
ily removed if needed. Careful lavage is performed after 
each step to remove as much of the bony debris as possi-
ble, and with the same intent we advise using drill bits 
rather than smooth bits.  

 The tendon is grasped by the sutures of the anchors 
(Fig.  26.6 ). The proximal anchor is connected to the medial 
part and the distal anchor to the lateral part of the tendon. 
Each anchor bears two sutures. By one head, a Krackow-type 
suture is placed over a 4-cm length of the tendon, while both 
heads of the second suture are passed in a mattress confi gu-
ration into the distal head of the tendon. With this method the 
fi rst suture allows a stronger hold on the tendon, while the 
second suture increases the contact surface between the ten-
don and the bony surface.  

 We have no experience of repair using the endobutton 
(Fig.  26.7 ), except on cadavers. This technique has proved to 
be biomechanically stronger, but in surgical practice it has 
been reported to be more diffi cult and dangerous for the pos-
terior interosseous nerve.  

 We used interference screws (Fig.  26.7 ) in only a few 
cases. The literature reports cases of osteolysis around 
resorbable screws and for this reason we chose poly-
etheretherketone (PEEK) screws. Even in this case the surgi-
cal technique must be meticulous. The hole for the screw has 
to be large enough, but if the grip is loosened, it becomes 
diffi cult to switch to another fi xation technique.  

   Double Anterior and Posterior Approach Technique 
 This is a reliable and low-cost technique that has not been 
modifi ed since its original description by the Sotereanos 
et al. [ 30 ]. 

 The suggested anterior incision is transverse and proxi-
mal. Once the tendon is retrieved as formerly described, it 
has to be cleaned and then grasped by two high-resistance 
sutures with Krackow-type stitches over a 4-cm length. An 
extensive anterior dissection is not necessary; the perito-
neum should be smoothly followed until the radial tuberos-
ity. A curved haemostat should be passed very closely to the 
radius while the forearm is placed in fl exion and complete 
pronation. The haemostat is advanced until it reaches the 
subcutaneous layer posteriorly (Fig.  26.8 ). The author draws 
attention to the tool direction, which should follow the pos-
terior radial cortex to limit the possible muscular injury, pre-
disposing to heterotopic ossifi cations.  

 A short incision is made over the tip of the haemostat. The 
radial tuberosity is exposed through a smooth split of the 
extensor and supinator muscles. Placing the elbow in fl exion 
moves the tip of the haemostat proximally, pointing at the 
proximal end of the muscular split, which should therefore be 
opened distal to the tip of the surgical tool. It is now  possible 

  Fig. 26.4    Exposure of the proximal radius, axial section (School of 
Anatomical Drawing, University of Bologna, Rizzoli Orthopaedic 
Institute)       

  Fig. 26.5    Surgical technique of anchor introduction. Drilling both cor-
tices is useful to allow the correct introduction of the tip of the anchor. 
The proximal hole should be enlarged to prevent cortical fractures, 
which may compromise the pull-out strength of the anchors (School of 
Anatomical Drawing, University of Bologna, Rizzoli Orthopaedic 
Institute)       
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a b c

  Fig. 26.6    Drawings ( a ,  b ) and surgical detail ( c ) of the passage of the anchor sutures inside the tendon (School of Anatomical Drawing, University 
of Bologna, Rizzoli Orthopaedic Institute)       

a b

  Fig. 26.7    Tendon repair using the endobutton system ( a ) and by the interference screw ( b ) (School of Anatomical Drawing, University of 
Bologna, Rizzoli Orthopaedic Institute)       

 

 

E. Guerra et al.



209

to prepare the bony trough inside, which the accommodates 
the tendon end and the three holes for the passage of the 
sutures (Fig.  26.9 ). To dig the trough we prefer to make mul-
tiple drill holes and then remove the small bony bridges using 
a rongeur, while the use of a high speed burr should be 
restricted to the fi nal smoothing of the edges. This  precaution, 
together with frequent lavage, is aimed at removing as much 
of the bony debris as possible, which may a  contributing cause 
of heterotopic ossifi cations. The Sotereanos et al. [ 30 ] recom-
mends a 7- to 8-mm gap between the holes to leave the bony 
bridges strong enough. We drill the three holes using a 1.6-
mm K-wire, allowing passage of an 18G needle. The holes 
should have convergent directions towards the trough; this 
trick proves useful for the passage and sliding of the sutures.  

 To bring the tendon to its site, the use of a ligament passer 
(designed for anterior cruciate ligament repair using the 
“over the top” technique) allows an easier and less traumatic 
passage (Fig.  26.10 ), again with the goal of limiting the risk 
of soft tissue injuries.  

 Now, the four heads of the two sutures have to be passed 
from inside the bony trough to the outside, through the three 
holes drilled behind the tuberosity. This can be easily carried 
out using a needle technique, with a simple straight syringe 
18G needle and a shuttle monofi lament 0 size suture, as 
described for meniscal suture repair (Fig.  26.9 ). Tightening 
the sutures pulls the tendon inside the bony trough, which 
therefore has to be wide enough in relation to the tendon 
size. 

a c d
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  Fig. 26.8    Drawings ( a – c ) and surgical details ( d ,  e ) of the blind passage of the curved haemostat (The drawings reproduce the author’s [ 30 ]) origi-
nal pictures, by the School of Anatomical Drawing, University of Bologna, Rizzoli Orthopaedic Institute)       

a b c

  Fig. 26.9    Tendon fi xation using the transosseous technique. The 
trough should be as large as the tendon end and the distance between 
the holes behind the osseous ridge should not be less than 7 mm, with 
convergent directions ( a ). Passing the sutures is easier if done by a nee-

dle and a shuttle suture ( b ). Tightening the stitches should pull and sta-
bilise the tendon inside the trough ( c ) (The drawings reproduce the 
Author’s [ 30 ] original pictures, by the School of Anatomical Drawing, 
University of Bologna, Rizzoli Orthopaedic Institute)       
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 In our Unit both of the techniques described above are per-
formed. As a general rule, in acute cases, when the tendon canal 
is easily identifi able, the double incision technique is simple 
and has the advantage of avoiding extensive anterior dissection, 
which is more aggressive in muscular and tall patients. 

 On the contrary, when the organising haematoma 
 precludes easy and smooth identifi cation of the path to the 
radial tuberosity, we select the single approach technique. It 
is our opinion that careful anatomical dissection is more pru-
dent than a blind and forceful approach.    

26.1.5.6     Rehabilitation Treatment 
   Conservative Treatment of the Acute Lesion 
 The arm is immobilised in a brace in adduction with the 
elbow in 90° fl exion for 7–10 days. As soon as allowed by 
pain, the patient begins passive and active assisted rehabilita-
tion to recover the normal range of motion (ROM), which is 
generally not compromised by the injury. At about 30 days, 
exercises for strength in supination and fl exion can be started, 
in addition to a gradual resumption of normal activities.  

   Post-surgical Treatment After Tendon Repair 
 Rehabilitation is defi nitely more complex after surgical 
repair, as no evidence is available in the literature showing 
whether or not a more aggressive protocol is more or less 
effective than a prudent one [ 31 ]. 

 We therefore report the data from our experience, leading 
us to a slight reduction of the time of immobilisation and 
prognosis. The following is the approximate schedule that 
we give to our patients.
•    Brace with the elbow in 90° fl exion and a pronosupination 

block (in slight supination) for 30 days  
•   Start mobilisation exercises on the 7th day

 –    Active extension (up to 60° in the fi rst few days, then 
gradually increase) and passive fl exion (unlimited)  

 –   Passive pronosupination with the elbow in 90° of 
fl exion  

 –   The target is a complete passive ROM at about 1 month 
after surgery     

•   Thirty days after surgery, the brace is progressively 
unlocked (20° per week) and the pronosupination block is 
removed. Active and passive mobilisation exercises in 
fl exion–extension and in pronation–supination are started 
(no load, best if in brace).  

•   Sixty days after surgery, the brace is defi nitively removed 
and active progressive rehabilitation started  

•   One hundred and twenty days after surgery, working 
activities are resumed    
 Together with this protocol, which is only approximate 

and suggested, hydrokinesis therapy is advised at every step. 
This therapy, when available, provides favourable conditions 
for the recovery of patients.    

26.1.6     Results 

 A number of authors have reported their experiences. In each 
paper data are available on the functional recovery and the 
incidence of complications. These data are considerably dif-
ferent in the various articles, which precludes the possibility 
of drawing any conclusions based on scientifi c evidence. 
Summarising data from the literature it is possible to state that:
•    The best functional recovery relative to strength is 

obtained with surgical treatment, even though the results 
can be affected by the possible complications, which in 
some authors’ experience can be frequent, in up to 31 % 
of cases [ 15 ]  

•   Conservative treatment has the advantages of fast recov-
ery and of the absence of complications. The loss of 
strength is sometimes surprisingly well tolerated by the 
patients. The loss of strength and endurance during supi-
nation is certainly less well tolerated when it is specifi -
cally necessary because of the type of work or sports 
activities.  

a b c

  Fig. 26.10    Surgical detail and graphic rendering of the tendon transfer by the ligament passer ( a ) between the radius and ulna ( b ), up to the osse-
ous trough and over ( c ) (School of Anatomical Drawing, University of Bologna, Rizzoli Orthopaedic Institute)       
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•   The incidence of complications is dramatically lower if 
the patients are operated on during the fi rst 15 days after 
injury.  

•   In general, the most frequent complication is heterotopic 
ossifi cation; a preventive therapy with indometacin is 
therefore advisable [ 32 ], irrespective of the type of surgi-
cal technique.  

•   The most probable complications are heterotopic ossifi ca-
tions for the double incision repair and neurological 
lesions (lateral cutaneous nerve of the forearm and poste-
rior interosseous nerve) for the single incision repair.  

•   The recurrence of tendon breakage is extremely rare and 
is the consequence of new traumatic events.    
 The most effective recent study is that by Grewal et al. 

[ 33 ], who compared in a prospective randomised trial 47 
patients treated using the single incision technique and 44 
using the double incision repair. The authors concluded that 
the clinical and functional results of these two techniques are 
equivalent and the incidence of complications is comparable. 
What make the difference in choosing the type of surgical 
approach are therefore the experience and the personal pref-
erence of the surgeon.   

26.2     Triceps Lesions 

 Lesions of the triceps tendon are very rare, with few cases 
reported in the literature. A higher incidence has been 
recorded in male patients (2:1), with an age distribution 
from 13 to 72 years [ 34 ]. Anzel et al. reviewed 1,014 tendon 
lesions treated at the Mayo Clinic. Eighty-fi ve percent of the 
injuries involved the upper limb, but only 8 (about 0.8 % of 
cases) involved the triceps, and 4 were open injuries [ 35 ]. In 
a paper reporting lesions occurring in the National Football 
League, only 21 cases of triceps rupture were recorded over 
a 6 year period [ 36 ]. On this basis, it is diffi cult to assess the 
true incidence of distal triceps injuries; it may be underesti-
mated in light of the possible increase in the number of 
these events due to an increase in the practice of contact 
sports and an increase in steroid consumption in profes-
sional athletes [ 34 ,  36 ]. Vidal et al. fi rst and then Kibuule 
and Fehringer reported how these lesions can occur in the 
paediatric age, in patients with recently closed or partially 
closed growth cartilage [ 37 ,  38 ]. 

26.2.1     Mechanism of Lesion 

 The main cause of triceps tendon injury is a fall on the elbow 
during extension [ 37 – 42 ]. Other mechanisms reported in lit-
erature include a posterior blow and lifting a weight [ 40 , 
 42 – 45 ], the use of a baseball bat [ 46 ], road accidents [ 67 ], 
throwing sports [ 48 – 50 ,  65 ], volleyball, boxing and shotput 

[ 51 ,  52 ]. With the exception of direct trauma, in the other 
conditions the biomechanics of the lesion is always similar; 
namely, a triceps contraction with the elbow in fl exion, 
together with a sudden deceleration and with eccentric over-
load of the tendon [ 37 ,  38 ,  41 – 44 ,  46 ,  47 ,  53 ,  54 ]. A number 
of factors can modify the structural integrity of the tendon 
and lower the maximum tolerable load: diabetes mellitus, 
osteogenesis imperfecta, rheumatoid arthritis and systemic 
lupus erythematosus, corticosteroids (both systemic or 
in local injections), anabolic steroids, secondary hyperpara-
thyroidism in chronic renal insuffi ciency, and ciprofl oxacin 
administration [ 43 ,  45 ,  46 ,  53 ,  55 – 57 ,  66 ]. A possible famil-
ial predisposition has also been hypothesised [ 53 ]. However, 
most of the cases of triceps rupture take place in a healthy 
tendon [ 39 ]. Triceps tendon rupture usually happens at the 
olecranon insertion [ 38 ,  43 ,  46 ,  54 ,  58 ,  59 ], in many cases 
with an osseous avulsion [ 60 ]. More rarely, the lesion 
involves the musculotendinous junction and/or the muscle 
belly [ 37 ,  47 ]. Associated lesions have been reported; 
namely, radial head fracture [ 61 ], rupture of the ulnar col-
lateral ligament [ 43 ], ulnar nerve compression due to hae-
matoma [ 62 ] and, in the more severe cases, a compartmental 
syndrome with radial nerve compression [ 46 ,  47 ] and frac-
ture of the distal humerus [ 63 ].  

26.2.2     Clinical Picture 

 Patients with a triceps tendon lesion often complain about a 
sudden and sharp pain in the region of the lesion, with 
impaired fl exion and extension of the elbow and a palpable, 
painful gap at the olecranon insertion of the triceps. When 
the clinical aspects are evident the diagnosis is easy and reli-
able. The loss of strength can be compensated for by the 
anconeus action if the patient is asked to extend his or her 
elbow and keep it below the level of the shoulder. It is there-
fore appropriate during the clinical examination to test tri-
ceps strength with the elbow above the head, fi rst against 
gravity and then against resistance. This test is usually posi-
tive and reliable except in the case of partial lesions [ 48 ]. An 
area of ecchymosis may be present around the olecranon. A 
modifi ed Thompson test has also been described, performed 
with the patient in prone position with the elbow in fl exion 
and the forearm hanging down the table. Squeezing the tri-
ceps muscle belly should cause passive elbow extension if 
the tendon is intact [ 68 ,  69 ].  

26.2.3     Diagnosis 

 Standard X-rays are the fi rst diagnostic procedure. They can 
disclose the “fl eck sign”, that is, a small bony fragment of the 
triceps insertion dislocated at the level of the distal humerus 
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[ 64 ,  67 ,  70 ], in addition to any possible associated fractures. 
Ultrasound examination is highly reliable in an expert’s hands; 
however, the gold standard in diagnosis is MRI [ 35 ,  70 ].  

26.2.4     Anatomy 

 The triceps originates from the dorsal aspect of the arm and 
is composed of the lateral, long and medial heads. A variant 
fourth head, the dorso-epitrochlear, consists of a muscle 
between the triceps and latissimus dorsi. The triceps tendon 
footprint is dome-shaped and covers 78 % of the width of the 
olecranon. The tendon and a band of muscle fi bres extend 
laterally, distally (over the anconeus) and medially (over the 
medial epicondyle) making a superfi cial layer that overlays 
the entire olecranon [ 58 ].  

26.2.5     Treatment 

 Partial triceps tendon ruptures have historically been treated 
non-operatively, although this is not a consensus opinion. 
The non-operative treatment consisting of posterior splint-
ing in 30° fl exion for 15–21 days generally resulted in full 
ROM and subjective strength recovery within 3–9 months 
Special attention should be paid to the type of sports ges-
ture to lessen the incidence of tendonitis proximal and dis-
tal to the elbow. Failure of healing leads to delayed surgical 
intervention, making complications higher and results 
worse. This is the reason why many authors suggest surgery 
when the lesion involves more than 50–75 % of the tendon 
[ 43 ,  48 ]. 

 When the tear is complete, surgery is necessary except for 
a few selected cases (e.g. elderly patients with few functional 
demands). Several repair methods have been described: tran-
sosseous sutures, interference screws, bony anchors with 
simple or complex confi guration (bridge-equivalent sutures) 
with the aim of reproducing an adequate footprint. The pau-
city of cases reported in the literature and the lack of pro-
spective trials preclude the possibility of stating which 
technique is superior to the others. Simple transosseous 
suture is therefore the preferred option as it is simple and 
reproducible, certainly the only treatment in skeletally 
immature patients.  

26.2.6     Surgical Technique 

 A posterior curved incision avoiding the tip of the olecranon 
satisfactorily exposes the tendon insertion. If the haematoma 
is abundant, ulnar nerve isolation may be advisable to lessen 
the chances of late neuropathy. The lesion often involves the 
tendon below the superfi cial aponeurotic layer, which has to 

be incised. The tendon end is refreshed and using two or 
more high-resistance sutures is inserted into the olecranon 
through simple or crossed bony tunnels [ 35 ], using the same 
technique of needle and shuttle suture as that described 
above. The repair is performed with the elbow in about 30° 
fl exion and its strength is tested by placing the elbow in 
 fl exion before suturing the superfi cial layers. It is also impor-
tant to retrieve the superfi cial tendon tissue to completely 
cover the olecranon (Fig.  26.11 ).  

 When a bony fragment is present (fl ake sign), if it is of 
adequate size, fi xation using a cannulated 3.5-mm screw and 
washer may be added to the transosseous suture. Shortening 
by 2 cm causes a 40 % loss of strength and it is therefore 
mandatory to avoid this. 

 In chronic cases, the loss of tissue needs compensation. 
Sanchez-Sotelo and Morrey and Van Riet et al. [ 43 ,  46 ] 
described an anconeus rotation fl ap technique. The proximal 
anconeus–lateral triceps fl ap is lifted from the ulna, mobil-
ised over the olecranon, and reattached to the extensor 
mechanism when the anconeus is of good quality and con-
tinuous with the lateral triceps. Possible alternatives can be 
autologous or homologous tendon grafts (palmaris longus, 
gracilis, fascia lata, homologous Achilles tendon, etc.). The 
results of these salvage techniques are intuitively worse. For 
the patients who were treated in our Unit we chose the 
Achilles tendon with a bony strut to be fi xed to the olecra-
non [ 71 ]; in our opinion, this is the best compromise avail-
able nowadays.  

26.2.7     Results 

 Strength recovery is slow but effective in all the reported 
series and ranges from 63 to 100 %, depending mainly on the 
time span from injury to surgery, with an average restriction 
of passive ROM of 10° extension. Almost all of the patients 
have been able to resume their former activities.  

26.2.8     Rehabilitation 

 As for the biceps lesion, in the face of a lack of literature 
evidence we report our rehabilitation protocol.
•    Immobilisation for 2 weeks at 30° elbow fl exion  
•   Progressive fl exion block at 30°, 45°, 60° and 90° by 

week 5. Full fl exion by week 6  
•   Passive rehabilitation 2 weeks after surgery  
•   Active extension by week 6  
•   Extension strengthening by 12 weeks  
•   Unrestricted activity at 5–6 months    

 Functional recovery can certainly last longer, with 
strength increasing up to 1 year after surgery. 

 Never make promises…      

E. Guerra et al.
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a

c d

b

  Fig. 26.11    Surgical steps ( a – e ) for transosseous triceps reinsertion: 
opening of the superfi cial layer ( a ); fi nding the deeper and stronger tri-
ceps tendon ( b ); grasping the tendon using reinforced sutures ( c ); pass-

ing the sutures through holes into the olecranon ( d ); closing of the 
osteosutures and multiple stitches accessories to reinforce the repair 
and recreate the footprint ( e ); closing the superfi cial triceps layers ( f )       
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27.1             Introduction 

 Lateral and medial epicondylitis are two of the more com-
mon diagnoses in elbow pain and often occur as a result of 
occupational activities and sports. Histologically, it involves 
tendon degeneration rather than infl ammatory changes. The 
term tendinosis is more appropriate [ 1 ]. 

 Medial epicondylitis is a tendinopathy of the common 
fl exor-pronator origin (CFPO). The muscles involved are the 
 pronator teres ,  fl exor carpi radialis ,  palmaris longus , and 
 fl exor carpi ulnaris ; these are localized from superior to infe-
rior in the CFPO. It is the most common reason of medial 
elbow pain, but four to seven times less frequent than lateral 
epicondylitis [ 2 ]. It affects the dominant extremity twice as 
often as the nondominant. 

 Although the natural history of medial epicondylitis has not 
been well investigated, one prospective study has suggested that 
most cases of acute or subacute medial epicondylitis heal spon-
taneously [ 3 ]. Surgical treatment is required when this condition 
fails to respond to nonoperative methods [ 4 ]. If medial epicon-
dylitis treatments are unsuccessful, associated ulnar neuropathy 
should be considered. In athletes participating in sports that 
involve overhead throwing with valgus overload of the elbow, 
such as baseball pitchers, a chronic ulnar collateral ligament 
(UCL) insuffi ciency should also be considered.  

27.2     Etiology and Injury Mechanism 

 The CFPO is a bone-to-tendon interface and is therefore sub-
ject to high stress and frequent injuries because of the differ-
ing physical properties of the bone and tendon [ 5 ]. Medial 
epicondylitis develops as a result of medial stress overload 
on the fl exor muscles at the elbow. The cause of the disorder 
seems to be repetitive eccentric or concentric overloading of 
the fl exor and pronator muscle masses ( pronator teres ,  com-
mon fl exor , and  fl exor carpi ulnaris ). Most cases are related 
to occupational exposure in older patients and cause sub-
acute or chronic symptoms. Only 10–20 % of patients, usu-
ally young athletes, have an acute injury. 

 In athletes, medial epicondylitis can affect golfers (golf-
er’s elbow) or throwing athletes, particularly baseball pitch-
ers and javelin throwers. Medial epicondylitis can also 
present in a tennis player. In this case, the pain can be repro-
duced on the forehand, serve, or overhead stroke [ 2 ]. Other 
athletes less commonly affected are softball players, archers, 
sport rock climbers, wrestlers, gymnasts, and weight lifters.  

27.3     Clinical and Diagnostic Examination 

 Patients have pain and tenderness over the affected tendinous 
insertions in anterior medial epicondyle, which are accentu-
ated with specifi c movements as active resisted pronation of 
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the forearm and with resisted wrist fl exion with the forearm 
supinated. A decrease in grip strength is observed too. 
Sometimes, a loss of range of movement of the elbow is 
associated [ 6 ]. 

 It is necessary to evaluate carefully the ulnar nerve for 
signs of neuritis as more than 50 % of patients with medial 
epicondylitis have an associated ulnar nerve entrapment. 
Gabel and Morrey classifi ed medial epicondylitis according 
to the level of the associated ulnar neuropathy (Table  27.1 ). 
They showed that patients with more advanced ulnar nerve 
affection had poorer results after operative treatment [ 7 ].

   In throwing athletes, assessing the integrity of the ulnar 
ligament is imperative. When applying valgus force to the 
elbow slightly fl exed with the forearm in pronation and wrist 
in fl exion, opening of the joint and pain appear in patients 
with ligament insuffi ciency. 

 Medial epicondylitis presents with cervical radiculopathy 
in slightly more than half the patients. Weakening of the 
 fl exor carpi radialis  and  pronator teres  and imbalance of the 
fl exor and extensor muscles from the C6 and C7 radiculopa-
thy allow for easy onset of medial epicondylitis. Patients 
with medial epicondylitis should be examined for C6 and C7 
radiculopathy to ensure proper treatment. Physicians dealing 
with golfers, pitchers, or other patients with medial epicon-
dylitis should be aware of the association between these two 
diagnoses to optimize care [ 8 ]. 

 Quality anteroposterior, oblique, oblique axial in fl exion, 
posteroanterior axial, and cubital tunnel radiographic views 
should be assessed for the presence of calcifi cation or a bony 
exostosis at the medial epicondyle [ 9 ]. When instability is 
suspected, elbow stress radiographs can be of help in identi-
fying ulnar ligament tears. 

 Musculoskeletal ultrasonography allows for an inexpen-
sive dynamic evaluation of commonly injured structures 
[ 10 ]. Medial epicondylitis is ultrasonographically diagnosed 
when a focal hypoechoic (degeneration) or anechoic (tear) 
region with increased vascularity in color Doppler imaging 
is present at the medial epicondylar muscles with or without 
calcifi cation [ 11 ]. 

 Magnetic resonance (MR) imaging is the preferred imag-
ing modality for chronic elbow pain [ 12 ,  13 ]. MR imaging 
fi ndings of patients with clinically diagnosed medial epicon-
dylitis include thickening and increased T1 and T2 signal 
intensity of the common fl exor tendon and soft tissue edema 
around the tendon [ 14 ]. The use of MR arthrography at some 
imaging centers has been reported to have great sensitivity in 
identifying UCL tears [ 15 ]. 

 When ulnar nerve injury or cervical radiculopathy are 
suspected, the use of electromyographic studies is necessary.  

27.4     Treatment Strategy 

27.4.1     Non-operative Treatment 

 Once the diagnosis is established in acute or subacute cases, 
a period of conservative management is mandatory as a high 
percentage of patients are known to heal spontaneously with-
out signifi cant intervention. Stahl et al. [ 3 ] compared pro-
spectively the effect of local injection of lidocaine and 
methylprednisolone versus saline solution, associated with 
physical therapy and nonsteroidal anti-infl ammatory drugs 
(NSAIDS) to treat medial epicondylitis and showed that 
after 3 and 12 months, patients reported signifi cant improve-
ment in both groups without signifi cant differences. 
Furthermore, non-operative treatment has been shown to be 
effective in up to 90 % of cases [ 3 ]. 

 There are many options regarding conservative man-
agement, but fi rst line should include a short 2–4 week 
course of NSAIDS associated with rest. NSAIDS are use-
ful in dealing with the concomitant synovitis, and refrain-
ing from the injuring activity is the key in avoiding further 
damage. A detailed review of the specifi c sport technique 
and equipment might help as subtle modifi cations in these 
can reduce the stress to the CFPO and rapidly improve 
symptoms. 

 Full immobilization of the elbow is rarely necessary and 
reserved for patients with acute symptoms and signifi cant 
pain and disability, but counterforce bracing during sport 
practice may be helpful, although it is less effective than in 
lateral epicondylitis cases. 

 Different physical therapy modalities might be of use: a 
combination of ice and fl exibility and strengthening training 
is effective in many tendinosis. The short-term analgesic 
effect of manipulation techniques may allow more vigorous 
stretching and strengthening exercises resulting in a better 
and faster recovery [ 16 ]. Forearm Kinesio Taping may 
enhance absolute force sense and improve pain condition 
for athletes suffering from medial epicondylitis as baseball 
players [ 17 ]. 

 Instrumental electrophysical modalities – ultrasound, 
extracorporeal shock wave therapy (ESWT), transcutaneous 
electrical nerve stimulation (TENS), laser therapy, iontopho-
resis, phonophoresis, and others – can provide benefi t, 
mainly with ultrasound and laser [ 18 ,  19 ]. 

 Local corticosteroid injections seem to be effective in the 
short term but not in the long term [ 3 ,  19 ]. Their usefulness 
is thus controversial. Subcutaneous deposition of the injec-
tion must be avoided to prevent complications like hypopig-
mentation and fat atrophy. 

   Table 27.1    The Gabel-Morrey classifi cation of medial epicondylitis   

 Type  Ulnar nerve neuropathy 

 I-A  None 
 I-B  Mild 
 II  Moderate or severe 
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 Other types of injections and acupuncture: Suresh et al. 
[ 20 ] suggested that a combination of dry needling and autol-
ogous blood injection under ultrasound guidance might be 
an effective treatment for refractory medial epicondylitis, but 
all these types of techniques continue to be controversial. 

 Platelet-rich plasma (PRP): reviewing current literature 
regarding the biology of PRP and the effi cacy of using PRP 
to augment healing of tendon, ligament, and muscle injuries, 
as well as early osteoarthritis, the most compelling evidence 
to support the effi cacy of PRP is for its application to tendon 
damage associated with lateral and medial epicondylitis. 
PRP therapies have shown to be safe, but a number of ques-
tions remain unanswered, including the optimal concentra-
tion of platelets, what cell types should be present, the ideal 
frequency of application, or the optimal rehabilitation regi-
men for tissue repair and return to full function [ 21 ].  

27.4.2     Surgical Treatment 

 It is indicated if conservative treatment fails, after a not well 
defi ned period. Patient compliance with activity modifi ca-
tion and therapy exercises is mandatory before deciding to 
perform a surgical procedure. Typically a period of at least 6 
months of conservative treatment is required to defi ne fail-
ure, but in athletes about 2–4 months of ineffective conserva-
tive treatment might be enough to proceed to surgery. This 
can be accelerated if structural injury (such as tearing or 
detachment of the CFPO) is identifi ed or if associated pro-
gressive ulnar nerve damage is detected [ 6 ]. 

 The patients should know that operative treatment usually 
improves patient function signifi cantly with increase in grip 
strength and improvement of clinical scores like DASH or 
Mayo postoperatively [ 22 ,  23 ]. But, 1 year after surgery, 
5–30 % of patients will still experience moderate to severe 
tenderness at the medial epicondyle [ 24 ]. No major compli-
cations are usually observed. 

 Little has been published regarding operative techniques 
for medial epicondylitis. It is generally agreed that the same 
surgical principles used on the lateral side apply to the medial 
side: exposing the affected tendon, excising the pathologic 
portion, repairing the resultant defect, and sometimes reat-
taching any elevated tendon origin back to the epicondyle [ 6 ]. 

 General or regional anesthesia is used. The patient is 
placed supine with the affected arm in a hand table, and a 
tourniquet is applied. A 6 cm incision is made centered just 
anterior to the medial epicondyle. Subcutaneous tissue is dis-
sected. In this point, the medial antebrachial cutaneous nerve 
is placed at risk of injury. The CFPO is identifi ed. Ulnar 
nerve and ulnar collateral ligament must be protected, but it 
is not necessary to expose them if they are not affected. The 
 pronator teres  and  fl exor carpi radialis  interval is incised. 
The degenerated tissue is excised. Creating a bleeding sur-

face in the medial epicondyle by removing fi brous tissue and 
performing multiple small drill holes might be effective. The 
remaining tendon is reattached to its origin if possible. At the 
end, the interval, the subcutaneous tissue, and the skin are 
closed after placing a drain. A posterior plaster splint is 
placed with the elbow at 90° and forearm and wrist in neutral 
position [ 7 ]. Vangsness and Jobe [ 4 ] reported good to excel-
lent results in more than 95 % of patients with this technique, 
86 % of the patients referred no limitation in elbow use a 
mean of 4 years after the surgical procedure. 

 The FETOR technique (fascial elevation and tendon ori-
gin resection) which facilitates the complete visualization 
and resection of the CFPO with limited soft tissue dissection 
is an effective and safe method described for the treatment of 
chronic recalcitrant medial epicondylitis [ 24 ]. It also mini-
mizes the risk of incomplete removal of the degenerated ten-
don and allows a rapid rehabilitation. The most important 
step in this technique is elevating the intact fascia before 
CPFO resection and a carefully closing of the fascia at the 
end (Figs.  27.1  and  27.2 ). Kwon et al. [ 24 ] have recently 
presented the two-year results of this technique, with good or 
excellent results in 90 % of cases.   

 There are some less invasive surgical options described in 
the literature but without clearly superior results. A percuta-
neous release technique has been reported [ 25 ], but there is 
an increased risk of medial antebrachial cutaneous nerve and 
ulnar nerve damage. Other authors have proposed using a 
mini-open muscle resection procedure under local anesthesia 
[ 26 ] or the use of radiofrequency probe to create healing tis-
sue in affected region by a limited exposure. A safety 
arthroscopic technique has been described in a cadaveric 
study [ 27 ], but there are not any reports in humans. 

  Fig. 27.1    Intraoperative image where it is exposed the medial epicon-
dyle ( rhombus ), the elevated fascia ( circle ), the common fl exor- pronator 
origin ( arrowhead ), and the released and transposed ulnar nerve ( arrow )       
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 Concurrent ulnar nerve and/or ulnar collateral ligament 
pathology should be addressed and managed appropriately if 
symptoms are present. 

 If ulnar nerve entrapment is associated, cubital tunnel 
(mainly the Osborne ligament) and ulnar nerve release 
should be performed along the CPFO resection. Sometimes, 
an anterior nerve transposition, usually in subcutaneous and 
less commonly in intermuscular or submuscular position, is 
added. If moderate or severe neuropathy is present, the 
patient should be warned as the worst surgical results have 
been reported in this specifi c group [ 7 ]. 

 If a medial collateral ligament insuffi ciency is present, a 
ligament reconstruction should be added to the procedure. 
There are many different techniques available but a recon-
struction performed with an autograft ( palmaris ,  plantaris , 
or Achilles tendon) in a fi gure of eight confi gurations [ 28 ] or 
a docking technique [ 29 ] usually solves the problem.   

27.5     Rehabilitation and Return to Play 

 The plaster splint is removed 7–10 days after surgery. After 
that, a progressive passive and active range of motion of the 
elbow, forearm, wrist, and hand is initiated and prolonged 
during weeks 2–4. In this time, resisted wrist fl exion and 
forearm pronation are avoided. After 4 weeks, light resisted 
isometric exercises should be started. Then, at 6 weeks from 
surgery, it is possible to start progressive strengthening, 
including isotonic exercises. Shoulder exercises and body 
conditioning are also carried out in this moment. Equipment 
and technique enhancements should be considered as well. 

 A sport simulation can be performed at 10–12 weeks in 
order to evaluate the path to return-to-sport timing, but full 
return to sports is not recommended until 4–6 months 
postoperatively, when full strength has returned to the 
extremity [ 30 ]. 

  Fig. 27.2    FETOR technique. Intraoperative images where it is exposed the medial epicondyle approach ( up-left ), the elevated fascia and degen-
erative tissue ( up-right ), after removing tendon and medial epicondyle drilling ( down-left ) and fascial closing ( down-right )       
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 If the ulnar nerve and ligament are also treated, this proto-
col must be more conservative.     
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         Lateral epicondylitis is commonly defi ned “tennis elbow.” 
 The abuse from physicians and patients of the term of epi-

condylitis is very frequent in the clinical practice. 
 The term of epicondylitis defi nes a frequent myotendino-

sis occurring more specifi cally at the common extensor ten-
don that originates from the lateral epicondyle. 

 The tendon damage is related to repetitive strain injury 
caused by repetitive overuse of the extensor muscles of the 
wrist. 

28.1     Etiology 

 The typical age at onset of epicondylitis is between 35 and 50 
years, with a median of 41 years [ 1 ]. The disease is most com-
mon in not professional athletes in the third, fourth, and fi fth 
decade, but this tendinopathy also occurs in patients such as 
teenagers and in the elderly amateur athletes over seventy. 

 No gender predominance was found in the reports. 
 The dominant arm is affected more frequently in athletes. 
 In the tennis epicondylitis is very common, but also in 

other athletic activities is quite frequent, as baseball, fencing, 
and swimming.  

28.2     Injury Mechanism 

 The primary cause of tendinosis is overuse: excessive inten-
sity and duration of arm use. 

 Inadequate or wrong training compromises the integrity 
of the tendon structure. 

 In some cases the tendon degeneration occurs after a 
direct trauma. 

 Lateral epicondylitis is directly related to activities that 
increase tension loads of the wrist and fi nger extensors and 

the supinator muscles. The extensor carpi radialis brevis is 
active in the elbow fl exion and extension, but also in the 
varus and valgus stress. 

 The primary overload abuse in tendinosis is caused by 
intrinsic eccentric and concentric muscular contraction. The 
overload causes micro tears within the tendon starting the 
tendon degeneration.  

28.3     Pathology 

 The primary anatomical structure involved is the extensor 
carpi radialis brevis tendon origin. In many cases also the 
anterior portion of the extensor digitorum communis tendon 
is involved. 

 Epicondylitis was historically believed to be an infl am-
matory disease at the insertion of the tendon, but in 1979, it 
was described as an “angiofi broblastic hyperplasia.” The ten-
don lesion is characterized by the alteration of normal colla-
gen structure with fi broblast proliferation in association with 
an immature vascular reparative cellular response. 

 The degree of angiofi broblastic infi ltration appears to cor-
relate generally with the duration of symptoms. 

 On gross examination, the tendon with tendinosis reveals 
gray, dull, sometimes edematous and friable, tissue very sim-
ilar to mature granulation tissue [ 2 ].  

28.4     Clinical and Diagnostic Examination 

 Epicondylitis typically causes lateral elbow pain and func-
tional impairment in the use of the arm in daily activities, 
nocturnal pain, and limitation or impossibility to perform the 
athletic activity. The pain increases with wrist extension, and 
grip strength is diminished. 

 The palpation of the lateral epicondyle and, overall, of the 
extensor aponeurosis is painful. 

 The area of maximal tenderness typically lies 5 mm distal 
and anterior to the tip of the lateral epicondyle. 
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 Provocative stress testing consists of resisted wrist and 
fi nger extension with the elbow in fl exion. Increased pain is 
common when the elbow is brought into extension. 

 The elbow has commonly a full range of motion 
 Radiographic examination is necessary to exclude bony 

epiphyseal disease. In a small percentage of patients plain 
X-rays reveal an irregular profi le of the tip of the lateral 
epicondyle. Small calcifi c deposits in the substance of the 
tendon can rarely occur. Magnetic resonance imaging 
(MRI) in T2 and fat sat scans clearly confi rm the pathology 
in the tendons with proximal insertion at the lateral 
epicondyle. 

 The patients with epicondylitis can be divided in three 
different categories:
   Category I 
 Acute pathology with reversible infl ammation without 

angiofi broblastic invasion. 
 Minor pain is reported, usually after heavy or specifi c 

activities. 
 Anti-infl ammatory drugs and physiotherapy, followed by 

rehabilitative exercise and specifi c limitation to avoid 
overuse of the arm, achieve a quick response to the treat-
ment of this pathology.  

  Category II 
 Partial angiofi broblastic invasion of the tendon characterizes 

the pathology. 
 The tissue modifi cation is permanent, but some healing 

response may occur. 
 Patients have intense pain with activity and moderate 

pain at rest. After periods of rest, however, most daily 
activities can be accomplished without signifi cant 
discomfort. 

 Magnetic resonance imaging in coronal view usually shows 
a pathologic signal in the ERB tendon. 

 If less than half of the tendon diameter is involved, treatment 
concepts that promote healing gradually bring about reso-
lution, and this process can be managed nonoperatively. 
Occasionally, however, these patients require surgery for 
a more complete resolution of symptoms.  

  Category III 
 Extensive angiofi broblastic degeneration, frequently associ-

ated at partial or complete tear of the tendon, is found in 
these patients. 

 The patients are exacerbated for signifi cant functional 
impairment in daily activities and pain. Pain at rest in 
the night and during the day. 

 T2 and FS coronal sections of MRI reveal major signal 
changes. 

 The patients in this condition often require surgery for pain 
relief, considering the frequent failure of the nonoperative 
measures.     

28.5     Differential Diagnosis 

 Differential diagnosis has to consider:
•    Carpal tunnel syndrome, more frequent in women; Tinel 

test and Phalen test are positive; to confi rm the suspect, 
EMG is necessary.  

•   Entrapment of the motor branch of the radial nerve 
 (posterior interosseus nerve) at the Frohse arcade, with 
more anterior pain and EMG positive.  

•   Distal biceps brachii tendinitis: pain in the fl exion and 
supination of the elbow against resistance and pain local-
ized in the anterior cubital fossa.  

•   Cervicobrachial pain related to nerve root compression, 
with pain evocated by neck mobilization.  

•   Osteoid osteoma of the proximal radius: the pain increases 
with alcohol assumption and is controlled by acetylsali-
cylic acid; TC scan, MRI, and bone scan are necessary for 
the diagnosis.  

•   Necrosis of the humeral lateral condyle (capitulum humeri), 
osteochondritis dissecans of the capitulum humeri and 
Panner’s disease are evident with the elbow MRI.  

•   Focal synovitis: suspected in the MRI, but confi rmed with 
the elbow arthroscopy.  

•   Synovial plica of the humeral-radial joint: tenderness at 
the palpation of the posterolateral soft spot.    
 The diagnosis is commonly made through clinical history 

and physical examination; however, in the athletes it is 
imperative to perform plain x-rays and MRI of the elbow, to 
confi rm the diagnosis of epicondylitis, but overall to prevent 
mistakes in the so wide spectrum of the differential diagno-
sis, as above reported.  

28.6     Treatment 

 Most patients improve with nonoperative measures, such as 
activity modifi cation, physical therapy and injections. 
A small percentage of patients will require surgical release 
of the extensor carpi radialis brevis tendon, performed via 
percutaneous, arthroscopic, or open approaches. 

28.6.1     Nonsurgical Treatment 

 The main problem of the patient with elbow tendinosis is 
pain, but the pain control does not necessarily imply enhance-
ment of healing. Relative rest (not absence of activity but 
abstinence from abuse) and application of cold are appropri-
ate. Activity that aggravates the condition should be elimi-
nated. The use of nonsteroidal anti-infl ammatory medications 
seems to be helpful in some patients. The physical therapy 
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has been helpful in relieving pain at the beginning of the 
disease. 

 If the patient does not respond to an appropriate pain con-
trol program, a cortisone local injection may be indicated 
[ 3 ]. The author uses 1.5 mL of 0.2 % lidocaine (Xylocaine) 
mixed with 40 mg of 40 mg methylprednisolone hemisucci-
nate, instilled with a 25 or 27 G needle under the tendon of 
the extensor brevis just anterior and slightly distal to the lat-
eral epicondyle. After the injection, the local anesthesia per-
mits to perform scarifi cations by the needle of the area of 
tendinosis. If the injection is too superfi cial or is done on a 
repetitive basis, subdermal atrophy may occur. 

 The repeated use of cortisone injections is related to 
tenocyte cellular death and weakening of the surrounding 
normal tissues.  

28.6.2     Promotion of Healing 

 A biologic healing response includes infi ltration of healthy 
neovascular and fi broblastic elements, collagen production, 
and collagen maturation at the cellular level in addition to the 
restoration of strength and endurance. 

 The healing process may be hastened by three general 
measures: relative rest, physical therapy, and most impor-
tantly rehabilitation exercises. 

 The injured part may be rested through the use of immo-
bilizing devices to avoid abuse, modifi cation of inappropri-
ate activity, counterforce bracing and selection of proper 
sport equipment. 

 Partial immobilization by wrist extension splints has the 
limited value of casting except short-term use in the early, 
fully reversible infl ammatory phase of category I injuries. 

 A progressive activity program for the injured part, as 
well as an aggressive activity program for the adjacent nor-
mal, undamaged tissues, should be accentuated. 

 As a result of the studies on compression braces, it has 
been demonstrated that there is no proven advantage and it 
may have a theoretical disadvantage, if balanced forearm 
muscle strength is disturbed. 

 As fi gured previously, on one hand rigid types of immobi-
lization at the elbow or wrist relieve pain, but on the other 
hand they cause atrophy and immobility, making this proce-
dure not recommended. 

 Rehabilitation should include not only the cardinal fore-
arm exercises but also those for the upper back and shoulder 
[ 4 – 6 ]. Once the probable initial adjacent infl ammatory 
response and the pain have been controlled, an orderly pro-
gression of the graduated strength and endurance exercise is 
started [ 5 ,  6 ]. The patient is protected until about 60 % of the 
rehabilitation exercise goals [ 2 ,  6 ,  7 ]. 

 After the patient has reached the early rehabilitative 
strength and fl exibility goals, by doing graduated exercise 
and full-strength training, these functions are monitored by 
objective testing until strength, endurance, and fl exibility 
have returned to nearly normal levels. 

 Continuation of the strength and endurance exercise pro-
gram beyond the preinjury level includes either isokinetic or 
isotonic, interspaced with isofl ex exercises. Before a fi nal 
return to a sport or an occupational activity, the patient 
should be capable of anaerobic sprint repetitions to fatigue 
without major activity pain [ 6 ]. 

 Recent reports have suggested the existence of other 
approaches through which we may achieve pain control and 
the possible biologic alteration of tendinosis tissue. These 
include shock wave, various forms of prolotherapy injections 
(autologous blood, platelets, and dilute sugar), nitric oxide 
patches, magnetic, cold laser, acupuncture, and high- intensity 
infrared heat. Of this group, shock wave and autologous 
injections have the most research support, although success 
has been inconsistent and further research is indicated. 

 Platelet-rich plasma (PRP), autologous blood, and prolo-
therapy are aimed at inducing infl ammation rather than sup-
pressing it. PRP is used for chronic tendinitis and is defi ned 
as a volume of the plasma fraction of autologous blood hav-
ing a platelet concentration above baseline. Both PRP and 
autologous blood contain platelets, and these platelets have 
strong growth factors and granules that have critical role in 
the healing process of chronic injuries. Due to higher con-
centration of platelets in PRP than whole blood, it was shown 
to have greater effect in the repair process in the treatment of 
chronic epicondylitis. 

 Extracorporeal shock wave therapy had been commonly 
used to treat urolithiasis or choledocholithiasis, and the ther-
apy was introduced to treat musculoskeletal conditions such 
as calcifi c tendinitis of the shoulder joint, lateral epicondyli-
tis of the elbow joint, and plantar fasciitis in Germany in the 
1990s. In addition, the therapy was also introduced to treat 
plantar fasciitis and chronic epicondylitis of the elbow joint 
in the United States in the 2000s. Nevertheless, it is hard to 
fi nd research about the therapy as an initial treatment option 
because research on the effects of extracorporeal shock wave 
therapy for lateral or medial epicondylitis of the elbow has 
been primarily conducted with patients who failed to respond 
to conservative management after the acute phase. 

 Lee in 2012 has shown that initial extracorporeal shock 
wave therapy was effective for the patients newly diagnosed 
as lateral or medial epicondylitis, although the effectiveness 
on completion of the treatments was inferior to local steroid 
injection [ 8 ]. Therefore, extracorporeal shock wave therapy 
can be another option when local steroid injection is 
contraindicated.  
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28.6.3     Surgical Treatment 

 The surgery choice for epicondylitis treatment makes refer-
ence to two techniques, arthroscopic surgery of recent use 
and open surgery. The choice of surgical treatment must still 
be reserved to patients who have failed conservative treat-
ment and in which the painful symptoms impair athletic 
performance.  

28.6.4     Arthroscopy 

 The patient is in lateral position, with all bony prominences 
well padded. We favor regional anesthesia. Bony landmarks 
are drawn out including the path of the ulnar nerve. 

 Next, a standard anteromedial portal is established. 
This is started several centimeters proximal and anterior to 
the medial epicondyle and well anterior to the palpable 
intermuscular septum. The medial portal allows one to 
view the lateral joint including the radial head, capitulum 
humeri and lateral capsule. By tensioning the capsule ante-
riorly, improved visualization of the lateral capsule and 
soft tissues can be achieved.  The arthroscopic inspection 
of the lateral capsule often reveals a full - thickness tear . 

 A modifi ed anterolateral portal is established using an 
out-in technique. This is started 2 cm above and anterior to 
the lateral epicondyle. This allows instrumentation down to 
the tendon origin rather than entering the joint through the 
ECRB tendon itself. The capsule is next released. 
Occasionally in epicondylitis, one can fi nd a disruption of 
the underlying capsule from the humerus. It easier to release 
the lateral soft tissues in layers using a monopolar thermal 
device. In this way, the capsule is fi rst incised or released 
from the humerus. When it retracts distally, one can value the 
ECRB tendon posteriorly and the ECRL, which is princi-
pally muscular, more anterior. As noted earlier, the ECRB 
tendon spans from the top of the capitulum humeri to the 
midline of the radiocapitellar joint [ 9 ]. 

 Once the capsule is adequately resected, the ECRB ori-
gin is released from the epicondyle. This is started at the 
top of the capitellum and carried posteriorly. The lateral 
collateral ligament is not at risk if the release is kept ante-
rior to the midline of the radiocapitellar joint. On average, 
adequate resection of the ECRB must include approxi-
mately 13 mm of tendon origin from anterior to posterior 
[ 10 ]. Care is taken to drive the scope adequately to view the 
release down to the midline of the radiocapitellar joint. 
Typically, the entire ECRB retracts distally from the 
humerus. 

 Care is taken not to release the extensor aponeurosis, 
which lies behind the ECRB tendon. This can be visualized 
as a stripped background of transversely oriented tendon and 
muscular fi bers much less distinct than the ECRB. It is 

located posterior to the ECRL, which again is principally 
muscular in origin. The date of literature report variable 
results in using various arthroscopic techniques and may be 
related to increased diffi culty in identifying the ECRB origin 
through the arthroscope. Tseng reported satisfactory results 
in nine of eleven patients [ 11 ]. However, he also had a 33 % 
complication rate. Stapleton and Baker compared fi ve 
patients treated arthroscopically with ten patients treated by 
open debridement [ 12 ]. They reported similar results and 
complication rates between the two groups. Later, Baker 
et al. [ 13 ] reported on 39 elbows treated arthroscopically, 
with 37 reporting being “better” or “much better” at follow-
 up. Peart et al. [ 14 ] reported on 33 arthroscopic procedures 
for lateral epicondylitis, with 28 % of patients failing to 
achieve good or excellent outcomes. 

 The tendon is extra-articular, and capsular release is 
required to visualize its origin. 

 Arthroscopic release of the ECRB appears to be an 
effective option for the surgical treatment of chronic lateral 
epicondylitis unresponsive to conservative modalities. 
Knowledge of the anatomy, including the extensor tendon 
origins as visualized from an intra-articular perspective, is 
essential for effective surgical release.  

28.6.5     Open Surgery 

 Identifi cation of pathology and excision of all pathologic 
tendinosis tissue generally include most of, if not the entire, 
origin of the extensor carpi radialis brevis. In addition 
(approximately 50 %), excision of pathology also includes 
the anteromedial aspects of the extensor digitorum commu-
nis aponeurosis and, rarely, the removal of pathologic tissue 
from the underside of the extensor longus. When the exten-
sor brevis origin is excised, the intimate and fi rm attachments 
between the fascia of the extensor brevis and the annular 
ligament and insertion into the distal aponeurosis eliminate 
any distal extensor brevis retraction beyond 1–2 mm. Once 
the pathologic tissue has been removed, a tissue defect in the 
triangular recess is present in varying degrees. It is appropri-
ate to attempt to enhance the blood supply to this area by 
drilling one or two small holes through the cortical bone to 
cancellous depth in the triangular recess just distal and 
anteromedial to the epicondyle. Do not however drill into the 
epicondyle itself because this will increase postoperative 
pain. Drilling in the appropriate area encourages hematoma 
formation with ingrowth of vascular and fi brotendinous 
healthy replacement tissue [ 15 ]. 

 Restoration of the normal extensor anatomic position, by 
sewing the posterolateral edge of the extensor longus to the 
anterior edge of the extensor aponeurosis, has been success-
ful without causing loss of motion and is the repair technique 
of choice. 
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 Because all the incisions are made longitudinally and, 
in most cases, do not disturb the extensor aponeurosis 
attachment to the lateral epicondyle, the surgery provides 
a fi rm anchoring point for quick initiation of the postop-
erative rehabilitative exercises with rapid return to full 
motion. 

 The popular literature concerning the surgical treat-
ment of tennis elbow is considered to have begun in 1927 
with Hohmann [ 16 ], who described the release of the 
extensor aponeurosis at the level of the lateral epicondyle. 
The technique, now commonly referred to as a muscle 
slide or release procedure, does not identify the offending 
pathology. 

 More recent versions of this approach have included per-
cutaneous release. The reports to date are short-term follow- 
ups but do suggest that this approach can be effective in as 
many as 90 % or more of patients and has a relatively low 
complication rate. 

 Several surgical options are available besides release of 
the extensor aponeurosis from the lateral epicondyle. Kaplan 
reported three cases of resection of the radial nerve branches 
to the lateral epicondyle and lateral articular areas, with no 
attempt to identify or remove pathologic tendon tissues. He 
noted excellent pain relief, but denervation of a motor branch 
to the extensor brevis probably occurred with this technique. 
Interestingly, his three patients were hospitalized postopera-
tively for an average of 7 days. Roles and Maudsley described 
33 patients who responded to surgical decompression of the 
posterior interosseus nerve and release of the brevis tendon. 
Posterior interosseous nerve compression continues to be 
recognized as an entity, with recent reports emphasizing the 
association of compression of the nerve at the arcade of 
Frohse [ 17 ]. 

 More recently, Tasto et al. [ 18 ] have introduced radio- 
frequency ablation Testo tendinosis pathologic tissue, and 
Baker and Cummings [ 7 ,  13 ] introduced an arthroscopic 
release approach as a surgical option for lateral tennis elbow. 

 Arthroscopy results in increased instrument costs, setup 
time, and operative time. Arthroscopy also risks neurovascu-
lar harm and intra-articular scuffi ng and results in some fl ex-
ion contracture via intra-articular transgression for a problem 
that is extra-articular. For those cases with associated intra- 
articular pathology, it is better to prefer the arthroscopic sur-
gical procedure [ 2 ]. 

 A basic principle of any orthopedic surgery is that a clear 
defi nition of the pathology and its location is essential for a 
well-conceived surgical procedure. Because the extensor 
brevis origin is largely covered by the muscle of the extensor 
carpi radialis longus, extensor digitorum communis (EDC) 
aponeurosis release operations do not visualize the extensor 
carpi radialis brevis tendinosis pathology. Release of the 
common extensor origin, however, may alter the attachment 
of the brevis, because a signifi cant segment of its origin is 

derived from the extensor aponeurosis. This anatomy helps 
to explain the instances of success of release techniques, 
including percutaneous procedures. 

 Overall, the extensor carpi radialis brevis is involved by 
tendinosis in 100 % of cases, with additional involvement of 
the anteromedial aspects of the extensor digitorum commu-
nis tendon also in approximately 50 %.   

28.7     Rehabilitation and Return to Play 

 In the postoperative rehabilitation, the elbow is maintained 
in 90° of fl exion, with the wrist and hand free in an easily 
removable elbow immobilizer for approximately 6 days [ 4 ]. 
Limbering activities are undertaken, however, on days 2–3, 
generally by working the arm actively, followed by a gradual 
return to strength training exercises (usually daily) without 
resistance for the fi rst 3 weeks postoperatively. Starting at 3 
weeks postoperatively, gradual strengthening isotonic and 
isofl ex resistances are implemented. Postoperative counter-
force bracing usually is not used in our patients. For recre-
ational tennis, it is usual to start easy strokes about 10–12 
weeks from the time of surgery. For the return to competitive 
athletics or occupational activities, the increase in intensity 
should be gradual and gentle, until full strength has returned 
to the extremity. A return to full-strength use of the arm in 
competitive athletics averages 6–8 months for lateral elbow 
tendinosis.     
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29.1             Introduction 

 The elbow is a trochleoginglymoid joint [ 1 ] consisting of 
three articulations: the humeroulnar, the humeroradial, and 
the proximal radioulnar joint. 

 This confi guration makes the elbow a fairly constrained 
and one of the most congruous and stable joints of the body. 
The ulna and the radius are connected by the forearm inter-
osseous membrane which highly contributes to the stability 
of the proximal and distal radioulnar joints. 

 The normal range of motion of the elbow is approxi-
mately 0° of extension and 140° of fl exion. A functional 
range of motion for activities of daily living has been 
described to be of 30°–130°, and the functional arc of throw-
ing ranges from 20° to 130°. The normal supination and pro-
nation are both of approximately 80° [ 2 ]. 

 Although it is not a weight-bearing joint, it can be sub-
jected to high loads when practicing racket or throwing 
sports or in gymnastics. As a consequence of these continued 
sport activities, elbow stability, due to static and dynamic 
constraints, can be compromised. 

 The elbow is the second most commonly dislocated major 
joint [ 3 ], and 15–35 % of elbow dislocations can have resid-
ual instability [ 4 ,  5 ]. Elbow dislocations represent 11–28 % 
of all elbow injuries, with an annual incidence of 6–8 cases 
per 100,000 people [ 6 ]. 

 The symptoms of the instability in athletes can occur fol-
lowing a single traumatic event or may be due to repetitive 
stress leading to chronic laxity such as in a throwing athlete. 

 The focus of this chapter will be on elbow instabilities con-
nected to sport activities. The causes of instabilities can be 
divided into medial, lateral, and posterolateral rotatory (PLRI).  

29.2     Etiology 

 The elbow joint is one of the most useful joint of the body. Its 
stability is due to different structures that can be divided into 
primary and secondary stabilizers [ 7 ]. 

 The elbow is a very congruous joint with two ligamentous 
complexes: MCL and LCL. They are involved in the patho-
anatomy of throwing athletes or in elbow dislocations and 
instability. 

 The primary stabilizers are represented by:
•    Ulnohumeral joint, a stable articulation in which the 

humeral trochlea articulates with the ulnar notch (or inci-
sura semilunaris) of the proximal ulna, with greatest sta-
bility in full extension and fl exion. This stability is 
augmented by compressive forces of muscles.  

•   Anterior bundle of medial collateral ligament that is the 
primary valgus stabilizer among the different components 
of the medial ligament complex [ 8 – 10 ]. The medial col-
lateral ligament complex (MCL) consists of three bundles 
with different insertions forming a triangular shape: the 
anterior, posterior, and transverse. The anterior bundle (or 
anterior oblique ligament) is the most signifi cant compo-
nent of the MCL, being the main stabilizer to valgus stress 
of the elbow [ 8 ,  11 – 13 ]. The anterior bundle can be fur-
ther divided into anterior and posterior bands [ 8 ,  11 ,  14 ]. 
Some authors have included a third deep middle band [ 15 , 
 16 ] (Fig.  29.1 ).   

•   Lateral ligament complex, made up of lateral ulnar col-
lateral, radial collateral, annular ligament, and the acces-
sory collateral ligament described by Martin [ 17 ]. This 
complex is the primary restraint to posterolateral rotatory 
instability and varus forces. To create functional postero-
lateral instability are necessary combined injuries. In fact 
isolated lateral ulnar collateral or radial collateral liga-
ment injuries do not result in instability [ 18 ,  19 ].    
 The secondary stabilizers are represented by:

•    Radial head: an important secondary restraint [ 10 ] because 
60 % of axial loads are imparted through  radiocapitellar 
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joint [ 20 ]. Radial head injuries compromise lateral and 
medial stability by decreasing tension in the lateral liga-
ment complex and because it is a secondary restraint to 
valgus load, respectively.  

•   Capsule: surrounding entirely the joint and gives better 
contribution in extension.  

•   Muscular support: anterior and posterior muscles that 
travel across the elbow and enable fl exion and extension 
mobility. The elbow is also the site of origin for the fl exor/
pronator and extensor/supinator musculature of the fore-
arm located medially and laterally, respectively. Anconeus 
muscle is anatomically oriented to provide restraint to 
posterolateral rotatory instability. The extensor/supinator 
musculature provides dynamic lateral stability; it is often 
avulsed with lateral ligaments. The fl exor/pronator mus-
culature provides dynamic valgus stability. These mus-
culature groups have compression effect on ulnohumeral 
joint, augmenting bony stability [ 21 ].     

29.3     Injury Mechanism 

 The mechanisms of injury are represented by subluxation 
and dislocation events. 

 The instabilities can be divided into simple and complex. 
The simple elbow instability indicates a dislocation with soft 
tissue lesions without associated fractures that can compro-
mise joint stability [ 6 ,  22 ]. The most frequent form is a pos-
terior dislocation produced by a posterolateral rotation 
mechanism (PLRI) as described by O’Driscoll [ 23 ]. 

 The term complex elbow instability, which replaces the 
former “fracture–dislocation” and “transolecranon fracture,” 
means on the other side the association of ligaments and 
bony lesions. 

 Simple dislocations without any secondary injuries to the 
bone occur more often than complex dislocation [ 6 ]. The lat-
ter account for 15–20 % of all elbow dislocations [ 24 ,  25 ]. 

 Referring to direction and mechanism of dislocation, we 
can distinguish PLRI and valgus stress (which can be post- 
traumatic or due to overuse). 

 So dislocations can be simple (with only soft tissue inju-
ries) and complex (with bone and soft tissue injuries). 

 Simple dislocations are classifi ed as anterior, posterior 
(direct posterior, posterolateral, and posteromedial), and 
divergent (extremely rare in which the humerus is jammed 
between the radius and ulna and the interosseous membrane 
is destroyed) [ 26 ,  27 ]. 

 Complex dislocations can be anterior and posterior. 
 A posterior dislocation is caused by a fall on the wrist 

while the elbow joint is extended and the wrist is pronated. 
The impact of the tip of the olecranon on the olecranon fossa 
has a leverage effect, while the coronoid process slips in a 
dorsal direction over the trochlea of humerus [ 23 ,  28 ]. 

 A posterior dislocation is also caused by a fall on hand 
with a fl exed elbow joint where the force, acting in a direct 
axial direction, makes the olecraon slip out [ 29 ,  30 ]. 

 An anterior dislocation occurs through a combination 
between a fl exed elbow and a force acting dorsally. 

 The most common mechanism is fall on outstretched 
hand generating axial load through the elbow. 

29.3.1     PLRI 

 In all posterior dislocations, there is a lateral ligament dis-
ruption generating the so-called posterolateral rotatory insta-
bility (PLRI) [ 31 ,  32 ]. 

 PLRI consist in three stages of instability that correlates 
with the severity of soft tissue injury:
   Stage 1 – injury to lateral ligaments and extensor origin so 

this causes posterolateral shift of ulnohumeral and radio-
capitellar joints.  

  Stage 2 – injury propagates to the anterior and posterior cap-
sules, so this causes posterolateral subluxation with 
perching of the coronoid under the trochlea.  

  Stage 3 – posterolateral dislocation:
   3a: anterior bundle of MCL is intact, so there is pivoting 

around intact ligament.  
  3b: anterior bundle of MCL is disrupted with complete 

dislocation (the most common injury pattern).  
  3c: complete stripping of all soft tissue from the distal 

humeral. It is grossly unstable unless fl exed >90°.       
 O’Driscoll et al. [ 23 ] described a circle strategy for the 

sequence of injuries to soft tissue regarding to a simple pos-
terior dislocation. The force generated fl ows from lateral to 
medial. This leads to rupture of the LCL, then the anterior 
and posterior capsules, and lastly the MCL.  

  Fig. 29.1    Medial collateral ligament and ulnar nerve.  E  medial epicon-
dyle,  Ab  anterior bundle,  Pb  posterior bundle,  U  ulna,  Un  ulnar nerve       
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29.3.2     Valgus Injuries 

 These injuries can be determined by falling with severe val-
gus moment or combined with direct contact at lateral elbow, 
often seen in contact athletes. 

 Repetitive microtraumas represent a common mechanism 
for valgus injuries in throwers. 

 Most common clinical pictures are represented by medial 
ligament injury, avulsion of fl exor/pronator mass, and radial 
head/neck compression fractures.  

29.3.3     Varus Injuries: Posteromedial 
Dislocation 

 Frequently due to a fall, a lateral ligament injury is often 
associated with medial facet coronoid fractures.  

29.3.4     Complex Injuries 

 The mechanism of injury is similar to simple dislocation. 
Loading pattern and arm position determine associated bony 
lesions. 

 The timing of the lesions can be acute (post-traumatic) or 
chronic (post-traumatic or due to overuse).   

29.4     Clinical Evaluation 

 First of all, it is necessary to have a complete medical history 
of the patient to locate the seat of the pain and the mode of 
onset, acute or chronic, and the cause, traumatic or not. 

 The patient may report a lateral elbow pain; a feeling of 
popping, snapping, or shifting; or recurrent subluxation or 
dislocations. 

 Patient may have apprehension while performing activi-
ties requiring forced extension of the elbow. The patient who 
practices sport launch may experience pain in the medial 
elbow during the acceleration phase. 

 Atraumatic onset is uncommon with PLRI. 
 Throwers may have changed their training; they can 

report loss of velocity and control. 
 The examiner should assess any predisposing factors such 

as surgical procedures performed in the lateral region as 
aggressive tennis elbow release, radial head resection, mul-
tiple lateral elbow injection (due to the possible weakening 
of the ligaments) and prior injury as cubitus varus for pediat-
ric supracondylar humerus fracture malunion. 

 Anatomical deformity of the profi le can hide bone injury 
or dislocation of the joint. 

 Before any clinical maneuver, it is important to rule out 
bony, nervous, and vascular disorders [ 24 ]. 

 Clinical examination must include an accurate assess-
ment of the ipsilateral shoulder, elbow, and wrist to exclude 
the presence of previous injuries or pathologies. 

 An evaluation of the ipsilateral distal radioulnar joint and 
the interosseous membrane for the presence of an Essex–
Lopresti injury would also appear to be important [ 33 ,  34 ]. 

 An injured elbow may be swollen due to the presence of 
periarticular edema or hematoma (Fig.  29.2 ). It is important to 
exclude the presence of a compartmental syndrome which 
rarely can develop from the beginning of the trauma. Therefore, 
clinical monitoring during the early hours is necessary [ 23 ].  

 Excluding bone and neurovascular lesions, stability tests 
must be performed. 

 Sometimes these maneuvers are performed after sedation 
(because of the pain) and under radiological control for bet-
ter assessment. 

 Some patients arrive in the emergency department with 
joints which have already been spontaneously reduced. 

 In such cases, the diagnosis is derived from the case his-
tory and any possible instability, which may be present. 

 Several clinical maneuvers have been described to high-
light different types of elbow instability. 

29.4.1     Valgus Instability 

 Patients with this kind of instability usually report medial 
elbow pain and decreased strength during overhead activity; 
there may be symptoms of ulnar neuropathy from either 
acute or chronic UCL injury caused by edema/hemorrhage 
of the medial elbow or excessive traction on the nerve. 

 Patients with isolated UCL injury often have point ten-
derness 2 cm distal to the medial epicondyle, slightly pos-
terior to the common fl exor origin. The UCL stability can 
be assessed with specifi c physical exam tests. The “milking 
maneuver” involves having the patient apply a valgus torque 
to the elbow by pulling down on the thumb of the injured 
extremity with the contralateral limb providing stability [ 35 ]. 
With the modifi ed milking maneuver, the examiner provides 
stability to the patient’s elbow and pulls the thumb to create 

  Fig. 29.2    MCL acute tear and elbow bruise       
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a valgus stress on the UCL [ 36 ]. These tests result in pain 
and widening at the medial joint line if the UCL is insuf-
fi cient. O’Driscoll and coworkers described the moving 
valgus stress test, in which the valgus torque is maintained 
constantly to the fully fl exed elbow and then quickly extends 
the elbow [ 37 ]. This test is positive if medial elbow pain is 
elicited and has a 100 % sensitivity and 75 % specifi city. 
The abduction valgus stress test is performed by stabilizing 
the patient’s abducted and externally rotated arm with the 
examiner’s axilla and applying a valgus force to the elbow 
at 30° of fl exion. Testing with the forearm in neutral rotation 
has been shown to elicit the greatest valgus instability [ 38 ]. 
A positive test results in medial elbow pain and widening 
along the medial joint line. Even so, valgus laxity can be sub-
tle on physical exam, and the range of preoperative detection 
is between 26 and 82 % of patients [ 39 ,  40 ]. Furthermore, 
Timmerman and colleagues found valgus stress testing to be 
only 66 % sensitive and 60 % specifi c for detecting abnor-
mality of the anterior bundle of the UCL [ 41 ].  

29.4.2     PLRI 

 PLRI is fi rst described in 1991 by O’Driscoll and colleagues 
in a series of fi ve patients [ 32 ]. 

 The clinical mechanism of injury to the lateral stabilizers 
of the elbow that results in PLRI has been hypothesized to 
consist of supination of the forearm, combined with a valgus 
and axial load to the elbow [ 23 ]. The presentation is variable 
and can include lateral elbow pain; mechanical symptoms 
such as snapping, clicking, catching, or locking; and recurrent 
episodes of instability. Patients often report their elbow feels 
loose or like it is sliding out of place, especially when loading 
it in a slightly fl exed position with a supinated forearm, as 
when pushing off an armrest while standing from a chair. 

 On physical exam, patients often have normal upper 
extremity strength and elbow range of motion and minimal 
to no tenderness around the LCL complex. Several provoca-
tive maneuvers have been developed to elicit instability 
symptoms. The posterolateral rotatory instability test is per-
formed by supinating the forearm and applying valgus and 
axial forces to the elbow while fl exing the elbow from full 
extension [ 32 ]. A positive test is demonstrated by reduction 
of a subluxated radial head when the patient is under general 
anesthesia or apprehension during testing when the patient 
is awake [ 32 ]. More recently, Regan and Lapner described 
two other apprehension tests, the chair sign and push-up 
sign [ 42 ]. The chair sign is performed by having the patient 
actively push off the armrests of a chair with the forearms 
supinated and the elbows at 90°. The test is considered posi-
tive with reluctance to fully extend the elbow during push off. 
The push-up sign is conducted by having the patient push off 
from the ground with the forearms supinated, elbows at 90°, 

and arms abducted to greater than shoulder width. A posi-
tive test results in apprehension and guarding as the elbow 
is terminally extended. These apprehension tests have been 
determined to be more sensitive than the posterolateral rota-
tor instability test in awake patients. The table-top relocation 
test has been recently described by Arvind and Hargreaves 
[ 43 ]. The patient is asked to stand in front of a table. The 
hand of the symptomatic arm is placed over the lateral edge 
of the table. The test involves three parts. The patient is ini-
tially asked to perform a press-up with the elbow pointing 
laterally. This maintains the forearm in supination. Pressure 
is pushed down through the hand onto the table, as the elbow 
is allowed to fl ex (bringing the chest toward the table). In 
the presence of posterolateral rotatory instability (PLRI), 
positive apprehension and a reproduction of the patient’s 
pain occur as the elbow reaches approximately 40° of fl ex-
ion. The maneuver is then repeated, using the thumb of the 
examiner placed over the radial head, giving support and 
preventing posterior subluxation while the press-up is per-
formed. Patients with posterolateral rotatory instability fi nd 
that their symptoms of pain and instability are relieved by 
this second maneuver, which is similar to the relocation test 
of the shoulder. Finally, removal of the examiner’s support-
ing thumb from the weight-bearing, partially fl exed elbow 
reproduces the pain and apprehension. The relief and recur-
rence of pain during the second and third maneuvers helps 
to exclude articular pathology as the cause of pain and rein-
forces the diagnosis of instability.   

29.5     Diagnostic Imaging 

 Conventional plain anteroposterior and lateral radiographs 
should be taken before any clinical maneuver. Oblique views 
may be necessary for a better assessment of the coronoid 
process and the radial head [ 6 ,  33 ]. Depending on the symp-
toms and pain experienced, radiographs should also be made 
of the adjacent joints. Similar to medial elbow instability, 
plain radiographs of the elbow are used to identify an avul-
sion fragments or associated fractures (e.g., coronoid, radial 
head) that can contribute to instability. Associated arthritic 
changes or loose bodies may also be seen. Widening of the 
ulnohumeral joint space after reduction of an acute disloca-
tion, the so-called drop sign, has been associated with sig-
nifi cant ligamentous injury and increased risk of recurrent 
instability [ 44 ]. 

 Stress radiographs can be taken at the point of maximum 
rotatory subluxation during the pivot-shift test and may show 
widening of the ulnohumeral joint space on the lateral and 
anteroposterior views and posterior subluxation of the radial 
head on the lateral view. 

 CT scan is mandatory in course of complex dislocations 
[ 6 ,  24 ,  33 ]. 
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 MRI/arthroMRI is useful in case of chronic instabilities 
evidencing chondral associated lesions and possibly showing 
a leakage of contrast fl uid in case of lateral or medial collat-
eral lesions [ 45 ].  

29.6     Treatment Strategy 

 The goal of the treatment is to achieve stable reduction of the 
elbow to begin as soon as possible a rehabilitation treatment 
to void stiffness [ 6 ,  46 ]. 

 In the course of acute trauma with simple dislocation, the 
reduction maneuver generally does not require general anes-
thesia and can be performed with intravenous sedation. 

 Stability tests are carried out after the reduction, and in 
stable elbows, the rehabilitative protocols are begun in 10 days. 

 In case of instability, when the elbow joint remains 
reduced in a range from at least 60° of fl exion to full fl exion, 
the patients can start supervised active rehabilitation in sta-
ble arc of motion in hinged brace [ 6 ]. 

 If there is not a stable arc of motion, open reduction with 
LCL or MCL repair or reconstruction is necessary.  

29.7     Treatment of UCL Lesions 

 Initial treatment consists of rest, anti-infl ammatory medica-
tions, icing, and bracing. 

 Literature reports 42 % success rate in returning to previ-
ous sport activities at 6 months’ follow-up in conservative 
treatment [ 3 ,  47 ,  48 ]. 

 These modest results lead to consider surgical treatment, 
particularly in high-level athletes as treatment of choice. 

 UCL repair is considered only in case of avulsion injuries 
in younger athlete [ 3 ,  47 ], performing surgery soon after 
injury and having MRI showing complete avulsion from the 
bone [ 47 ]. 

 In adults, also in acute events, it is frequent to fi nd an 
intrasubstance damage of the UCL, and the reconstruction 
must be considered. 

 Autografts or allografts can be used in performing UCL 
reconstruction. 

 The palmaris longus, if present, or the hamstring tendons 
are commonly utilized as graft source. 

 The original technique was performed in 1986 by Jobe, the 
“Tommy John procedure,” from the name of the pitcher who 
was operated [ 49 ]. Several modifi cations to the original tech-
nique have been described in order to decrease morbidity, avoid 
ulnar nerve transposition, and obtain a better graft fi xation. 

 A modifi cation involving docking the two ends of the ten-
don graft into a single blind-ended humeral tunnel and tying 
the sutures over a humeral bone bridge or fi xing graft with 
interference screws [ 50 ] was later described. 

 More recently, we presented a new double-bundle tech-
nique [ 51 ] in which, using gracilis from homolateral knee, 
we fi x the distal insertion of the UCL using a bioabsorbable 
screw and the proximal insertion in a 7 mm (diameter) 
blinded tunnel connected to two 4.5 mm (diameter) diver-
gent tunnels in which every single bundle is passed through 
(Fig.  29.3 ). The residual part of the tendon is sutured over 
itself at different degrees of fl exion: anterior bundle at 30° 
and posterior bundle at 70° (Fig.  29.4 ).   

 This technique allows to reconstruct a new ligament 
tensed in all arc of motion and thick enough to reproduce the 
original UCL. 

 Postoperatively, the elbow is positioned in brace for 
6 weeks, and rehabilitative protocols start in 2 weeks. 

 Sport activity progression is initiated at 3–4 months, and 
return to sport is allowed at 6–8 months post-op. 

  Fig. 29.3    Double-loop graft (semitendinosus) fi xation with a 6 mm 
interference screw in a 7 mm bone tunnel at ulnar level       

  Fig. 29.4    Double-loop graft passed in the 7 mm humeral tunnel and in 
the 4.5 mm convergent tunnel and then sutured on itself       
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 Reported outcomes of UCL surgery are generally  favorable, 
and in the largest study to date, 83 % of 743 athletes were able 
to return to a previous or higher level of competition [ 52 ]. The 
most common complications are (often temporary) ulnar or 
medial antebrachial nerve dysfunction, stiffness, medial epi-
condyle fracture, and nonspecifi c elbow pain.  

29.8     Treatment of LCL Lesions 

 After a simple elbow dislocation, most LCL injuries do not 
require surgical treatment. They are managed initially by 
splinting with the forearm in pronation to maximize stability. 
Graduated range of motion exercises are introduced over the 
fi rst 6 weeks, and in most cases, the torn LUCL will heal and 
stability will be restored. 

 Recurrent PLRI after physiotherapy and bracing can 
require surgical reconstruction using autografts or allograft 
tendons. 

 Nestor et al. [ 53 ] described in 1992 LUCL reconstruction. 
 The LUCL is fi xed at the origin of the LCL near the tip of 

the lateral epicondyle and attached to the supinator crest of 
the ulna. 

 Many methods of fi xation have been described involving 
multiple osseous tunnels in the humerus and ulna. The grafts 
are tensioned with the forearm pronated at 30/40° of fl exion. 

 Anterior and posterior lateral capsules can also be imbri-
cated if further stability is required. 

 Savoie et al. have also described an arthroscopic plica-
tion of the posterolateral ligamentous complex with good 
results [ 54 ]. 

 Postoperatively, protocols are based on brace, avoiding 
terminal 30° of extension for the fi rst 6 weeks. 

 Sport activity is allowed 6 months after surgery [ 55 ]. 
 A largest series of patients reported by Sanchez-Sotelo J 

et al. [ 56 ] showed 86 % of 44 patients had a satisfactory out-
come after LUCL reconstruction or repair. 

 Better results were seen in patients with reconstruction 
using a tendon graft rather than repair.  

    Conclusions 

 Elbow instabilities in athletes comprise a large of spec-
trum pathologies from medial instabilities in throwing 
athlete to traumatic posterolateral rotatory instability. 

 A better comprehension of biomechanical factors and 
the development of radiological studies allow authors to 
increase the quality of the diagnosis and the result of sur-
gical treatments. 

 The poor result of the conservative treatment indicates 
surgical approach as the treatment of choice in UCL and 
LCL lesions in athletes.     
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30.1             Introduction 

    Wrist trauma during sporting activities, whether direct or 
due to a force transmitted to the wrist, may result in several 
types of ligament injuries. The most frequently affected liga-
ments are the s capholunate  (SL )  or, more rarely, the  lunotri-
quetral  (LT) ligaments, which provide stability to the 
proximal carpal row, and the  triangular fi brocartilage com-
plex  (TFCC), which stabilises the  distal radioulnar joint  
(DRUJ). SL and LT tears may lead to  carpal instability , 
whereas a TFCC tear may cause  instability of the distal 
radioulnar joint .  

30.2     Carpal Instabilities 

30.2.1     Aetiology 

30.2.1.1     Direct Mechanism 
 A very rare mechanism of injury in sport arises when the 
wrist is trapped under a forceful pressure as what occurs in a 
crushing injury [ 1 ]. In this situation, the carpal arch is 
crushed and the carpal bones may dissociate with consequent 
damage to the intrinsic ligaments (SL and LT).  

30.2.1.2     Indirect Mechanism 
 The main cause of injury to the intrinsic ligaments is an 
 indirect trauma to the wrist due to a distortion during sport 
activity. This may occur in sports directly involving the wrist 
and with a risk of distortion (e.g., contact sports) or be the 
result of an accidental fall in other types of sports.   

30.2.2     Injury Mechanism 

 Often the wrist is subjected to strain during hyperextension 
as what happens in falls onto the palm of an outstretched 
hand. This type of strain most commonly results in a fracture 
of the scaphoid or distal radius, which may be associated 
with injury to the SL ligament [ 2 ,  3 ]. Isolated injuries to the 
SL and LT ligaments mainly occur in a violent trauma with 
ulnar deviation and radiocarpal supination [ 4 ]. Injuries to 
these ligaments fall into the broader concept of  progressive 
perilunate instability  [ 5 ,  6 ], which comprises four stages 
(Table  30.1 -A).

   Reagan et al. [ 7 ] suggested a second theory in which the 
wrist, following a distortion in hyperextension and radial 
deviation, is subjected to stress in the ulnar compartment, 
with resulting injury to the LT ( reverse progressive perilunate 
instability ). In this case the LT tear is stage I (Table  30.1 -B) 

 However, the most common ligamentous injury in the 
wrist is an SL tear resulting in SL instability. If left untreated, 
this condition may give rise to several clinical forms [ 8 ] 
(Table  30.2 ).

30.2.3        Clinical and Diagnostic Examinations 

30.2.3.1     Clinical Examination 
 Clinically, a proper diagnosis of SL ligament injury with 
possible dissociation is not easy to establish, especially if an 
associated lesion is present. 
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    Table 30.1    The two different theories for the mechanism of injury in 
LP and LT tears   

 A. Progressive perilunate dislocation 
 B. Reverse progressive 
perilunate dislocation 

  Stage I . Tear of the SL/scaphoid fracture 
  Stage II . Capitolunate dislocation 
  Stage III . LT tear/triquetral bone fracture 
  Stage IV . Lunate dislocation, in turn 
classifi ed into three types (type 1, 2 or 3) 
based on extent 

  Stage I . Tear of the LT 
  Stage II . Capitolunate 
dislocation 
  Stage III . Tear of the SL 

mailto:Mnava.md@gmail.com
mailto:And.burini@libero.it
mailto:giuliopezzella@libero.it


238

 In the acute phase, the wrist presents with swelling and 
dorsal pain located 1 cm distal to Lister’s tubercle on the SL 
ligament. The grip is painful and weakened and joint motion 
is painful, especially in hyperextension. Palpation of the 
anatomical snuff box may induce pain, because of the 
radio- scaphoid overload due to the altered congruity 
between the scaphoid and radius resulting from instability. 
A clinical test that proves helpful in the diagnosis is the 
Watson test (scaphoid shift test). This is done by holding 
the wrist in neutral position and pressing on the scaphoid 
tubercle while moving the wrist in the radial and ulnar 
direction: the test is positive if it causes pain and a clunking 
sensation [ 1 ,  8 ].  

30.2.3.2     Imaging 
   Radiography 
 A well-performed radiographic evaluation may provide 
valuable assistance in the diagnosis of SL dissociation. 
Standard radiography is unable to provide direct visualisa-
tion of the intrinsic ligaments, but dislocation of the carpal 
bones due to dissociation may provide a clear diagnosis. 

 Several parameters exist that suggest scapholunate disso-
ciation on wrist radiography. In our opinion, the most signifi -
cant are (Fig.  30.1 ): 
•     Increased SL space (Terry Thomas sign) : seen on PA 

views when the space between the lunate and scaphoid is 
increased compared to the contralateral wrist. The space 
may increase on PA views obtained with clenched fi st.  

•    Scaphoid ring : in the presence of scapholunate dissociation, 
the scaphoid fl exes abnormally and the scaphoid tuberosity 
appears ring-shaped on PA views.  

•    Increased scapholunate angle : on the lateral view the 
angle formed by the lunate and scaphoid axes varies 
between 30° and 60°. When this exceeds 60°, a scapholu-
nate dissociation should be suspected.     

   Magnetic Resonance Imaging (MRI) 
 The MRI permits direct visualisation of the SL ligament, but its 
specifi city is limited, with values between 63 and 86 % [ 1 – 9 ].  

   Contrast-Enhanced Imaging (MRI Arthrography 
and CT Arthrography) 
 The intra-articular injection of contrast material consider-
ably increases sensitivity and specifi city as a result of the 
passage of contrast into the lesion itself. To avoid a ‘valve 
effect’ with failure of the contrast medium to pass through 
the lesion, the contrast should be injected into both 
the radiocarpal and midcarpal joints (two-compartment 
examination).  

   Diagnostic Wrist Arthroscopy 
 This is considered the gold standard examination for the 
diagnosis of intrinsic ligament injuries [ 1 ]. 

 In addition to providing direct visualisation of the injury, 
it allows quantifi cation and classifi cation of the lesion. 
Geissler et al. [ 10 ] proposed an arthroscopic classifi cation of 
SL ligament tears describing four grades of lesion 
(Table  30.2 ):
   Grade 1    Partial tear of the SL ligament: the angles between 

the scaphoid and lunate are normal, the probe 
cannot penetrate the SL space.   

  Grade 2    Tear of the SL ligament: the angles between the 
scaphoid and lunate are modifi ed, the tip of the 
probe passes into the SL space.   

  Grade 3    Tear of the SL ligament: there is malalignment 
between the scaphoid and lunate; the probe passes 
into and rotates in the SL space.   

  Grade 4    Massive tear of the SL ligament and malalign-
ment between the scaphoid and lunate: the arthro-
scope passes through the SL space from the 
radiocarpal to the midcarpal joint and back.   

30.2.4          Treatment Strategy 

 The surgical approach to SL ligament injuries depends on 
severity. 

 Whereas the more severe grades ( static irreducible SL 
dissociation and SLAC lesion ) require ‘salvage’ procedures, 

    Table 30.2    Different grades of an untreated SL dissociation   

  Predynamic SL dissociation   The SL ligament is only strained or partially torn 
  Dynamic SL dissociation   Complete destruction of the entire SL ligament which appears still repairable; the secondary 

scaphoid stabilisers (scaphotrapezial-trapezoid and radioscaphocapitate ligaments) are intact 
or only slightly damaged. The cartilage is intact 

  Static reducible SL dissociation   The ligament stumps are degenerated and not repairable; the secondary stabilisers are 
starting to collapse with resulting permanent (static instability), but reducible, instability. 
The cartilage is still intact 

  Static irreducible (fi xed) SL dissociation   Fibrosis develops in the space between the scaphoid and surrounding bones. In these cases 
the instability cannot be reduced. The cartilage is still intact 

  Osteoarthritis secondary to SL dissociation  
(scapholunate advanced collapse,  SLAC wrist ) 

 The capitate migrates between the scaphoid and lunate as a result of the SL dissociation. 
The scaphoid, dislocated radially, creates an overload with the articular facet of the 
corresponding radius, with resulting damage to the cartilage 
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such as partial wrist arthrodesis or resection of the proximal 
carpal row, earlier grades ( predynamic, dynamic and static 
reducible SL dissociation ) can be treated with procedures 
aiming at repairing/rebuilding the SL ligament or restoring, 
as closely as possible, physiological carpal bone mechanics. 

 In the case of  predynamic SL dissociation , up to Geissler’s 
grade 2/3, the SL can be stabilised by using K wires (pin-
ning) in a closed procedure performed under fl uoroscopic 
control or as an arthroscopy-assisted procedure, with excel-
lent results [ 11 ]. In these cases, arthroscopy offers the advan-
tage of allowing removal of scar tissue and fi brosis of the 
ligament tear in order to enhance vascularisation and healing. 

The K wires are removed after 8–10 weeks. When the mem-
branous portion of the SL is involved, a debridement with 
shaver or radiofrequency waves should be performed to 
remove the ligament fl ap – a possible cause of painful 
impingement – and relieve the pain [ 12 ]. 

 In  dynamic SL dissociation,  if the lesion is recent and 
therefore has good healing capability, direct repair of the 
ligament using various techniques is indicated [ 1 – 8 ]. It 
should be noted that injured intrinsic ligaments tend to 
degenerate very rapidly, and the optimal timing for repair is 
within 2 weeks, after which the likelihood of recovery 
decreases dramatically (the repair procedure should not be 

a b

  Fig. 30.1    X-ray signs of SL dissociation: scaphoid ring, SL distance 
and SL angle increase. The  arrow  means an increase of space between 
the scaphoide and lunate in the scapholunate dissociation. The  circle  is 

the  scaphoid ring : appears in the presence of scapholunate dissociation, 
the scaphoid fl exes abnormally and the scaphoid tuberosity appears 
ring-shaped on PA views       
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attempted after 4 weeks). After 2 weeks, capsulo-ligament 
reconstruction procedures can be carried out that aim either 
to avoid rotatory subluxation of the scaphoid [ 13 ] due to 
collapse of the secondary stabilisers or to strengthen the 
dorsal portion of the injured ligament [ 8 ]. Another pro-
posed procedure is reconstruction of the dorsal portion of 
the SL ligament by using grafts fi xed with bone-to-bone 
technique [ 14 ]. 

 Wahegaonkar and Mathoulin [ 15 ] described an 
arthroscopic technique combining through suturing the dor-
sal portion of the scapholunate with capsulodesis with the 
 dorsal interosseous ligament  (DIL). The arthroscope is 
placed in the  ulnar midcarpal  (UMC) portal, and using a 
needle introduced through portal 3–4, a PDS 2/0 suture 
thread is passed through the DIL and lunate remnant of the 
torn SL and pulled out through the  radial midcarpal  (RMC) 
portal; the procedure is repeated for the scaphoid remnant of 
the SL. The two ends of the suture threads exiting from the 
RMC portal are tied into a knot and withdrawn within the 
midcarpal joint; fi nally, the proximal ends of the suture 
threads exiting from portal 3–4 are also tied, blocking the 
SL stumps with the DIL. According to the authors, this 
treatment should be reserved for cases with moderate diasta-
sis, and the results appear encouraging. Del Pinal [ 16 ] pro-
posed a similar technique, which uses a volar portal placed 
immediately ulnar to the  fl exor carpi radialis  (FRC)  tendon , 
to suture the volar portion of the SL ligament. Although 
these relatively recent techniques show encouraging prelim-
inary results, they both require validation by studies carried 
out on larger series and with more adequate follow-up 
periods. 

 The techniques proposed for  static reducible SL dissocia-
tion  aim to treat rotatory subluxation of the scaphoid that has 
become stabilised in an attempt to restore the normal articu-
lar relations between the radius and scaphoid, altered by the 
SL dissociation. The most commonly used is the Brunelli 
technique [ 17 ] which has undergone numerous modifi ca-
tions over the years [ 8 ,  18 ]. In this technique, the scaphoid 
subluxation is reduced and stabilised in the correct position 
with the aid of a strip of the FRC tendon passed from palmar 
to dorsal through a hole in the distal pole of the scaphoid and 
secured dorsally fi rst onto the scapholunate joint and then 
onto the radius. In static reducible SL dissociation, surgical 
arthroscopy has only limited effi cacy: one option is to per-
form an arthroscopically assisted  reduction and association 
of the scaphoid and lunate  (RASL), described as an open 
procedure [ 19 ]. The technique involves stabilising the SL 
with a Herbert screw along the rotation axis with arthroscopic 
assistance. Arthroscopy offers the advantage of allowing 
debridement of fi brous tissue and thus greater chances of 
healing. However, the minimal error in centring the rotation 
axis or the prolonged permanence of the screw can cause 
serious damage at the articular level [ 20 ].   

30.3     Instability of the Distal 
Radioulnar Joint  

30.3.1     Aetiology 

 The  distal radioulnar joint  (DRUJ) is the distal joint of the 
articular system of the forearm, which allows pronation- 
supination. It is a joint with limited bony congruency, and it 
is stabilised by several anatomical structures [ 21 ,  22 ]: among 
them, the  triangular fi brocartilage complex  (TFCC) is con-
sidered the primary stabiliser. The complex structure of the 
TFCC comprises two ligaments that serve as true stabilisers 
for the DRUJ: the  palmar radioulnar ligament  (PRUL) and 
the  dorsal radioulnar ligament  (DRUL) (Fig.  30.2 ).  

 The TFCC inserts onto the ulnar aspect with two separate 
components [ 23 ]: a  proximal component  that inserts on the 
fovea ulnaris (pc-TFCC) and a  distal component  that inserts 
on the capsule and sheath of the extensor carpi ulnaris 
 (dc- TFCC). Rupture of these two structures may lead to 
DRUJ instability and ulnar-sided wrist pain.  

30.3.2     Injury Mechanism 

 A direct trauma to the ulnar side of the wrist rarely causes a 
TFCC injury. The mechanism leading to a TFCC tear is often 
indirect and related to a distortion with stress in hyperexten-
sion or abrupt rotation (forced pronation-supination). In the 

  Fig. 30.2    Anatomy of the TFCC. Extensor carpi ulnaris ( ECU )  tendon, 
palmar radioulnar ligament ( PRUL ), and dorsal radioulnar ligament 
( DRUL ). The TFCC inserts: proximal component ( pc-TFCC ), distal 
component ( dc-TFCC ),  T  Triquetrum,  L  Lunate,  R  Radius,  U  Ulna       
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former case, there may be an associated fracture of the distal 
epiphysis of the radius [ 3 ], whereas in the latter, the lesion 
tends to be isolated. Often, especially in sport activities that 
stress the wrist (tennis, golf, baseball, gymnastics, etc.), 
a TFCC injury may arise [ 24 ,  25 ] as a result of wrist overload 
during a rotational movement. 

 TFCC injuries have been classifi ed by Palmer [ 26 ]. This clas-
sifi cation makes a distinction between  traumatic  (type 1) and 
 degenerative  (type 2) lesions.  Traumatic lesions  are divided into:
    1A central perforation of the disc   
   1B ulnar avulsion,  divided into two subtypes:

•     Ligamentous : a tear of the ulnar insertion of the TFCC, 
which may affect both the capsular and foveal inser-
tions (dc-TFCC and pc-TFCC)  

•    Bony:  avulsion fracture of the ulnar styloid     
   1C palmar avulsion : rare injury due to a direct trauma on the 

ulnar side of the wrist and affecting the ulnar-carpal 
ligaments  

   1D radial avulsion,  divided into two subtypes:
•     Ligamentous : disinsertion of the TFCC from the ulnar 

side of the radius  
•    Bony:  detachment of a bony fragment of the ulnar por-

tion of the radius       
 Although the most frequently used, this classifi cation is 

exclusively based on a topographical description of the 
lesion, without considering the degree of DRUJ instability. 
For this reason, Atzei [ 27 ,  28 ] proposed a further classifi ca-
tion based on clinical, radiological and arthroscopic fi ndings. 
This classifi cation subdivides type 1B injuries into six 
 subtypes according to which TFCC component is involved 
(dc- TFCC, pc-TFCC) and thus to the degree of instability 
and provides a treatment algorithm for each type.  

30.3.3     Clinical and Diagnostic Examination 

30.3.3.1     Clinical Examination 
 Patients with a TFCC tear report intense pain on the ulnar side 
of the wrist, at the level of the ulnar head, which irradiates 
proximally towards the forearm and is exacerbated during 
rotation. Clinically, the pain is elicited by forced supination 
with hyperextended wrist and fl exed elbow, as if the patient 
were carrying a tray ( waiter’s test  or  tray test ). Another sign is 
tenderness on applying lateral pressure to the wrist, ulnar to the 
 extensor carpi ulnaris  (ECU)  tendon , on the cutaneous projec-
tion of the fovea [ 29 ]. In cases of instability, there is dorsal 
subluxation of the ulnar head which decreases when pressure 
is applied ( piano key test ). Instability is also assessed with bal-
lottement of the ulnar head relative to the radius in neutral 
position, during supination and pronation. Rarely, and in cases 
with severe instability, these manoeuvres can cause complete 
dislocation of the ulnar head, which may be palmar in the 
event of a DRUL tear and dorsal in the event of a PRUL tear.  

30.3.3.2     Imaging 
   Radiography 
 Standard radiography is unable to provide direct visualisa-
tion of a TFCC tear, with the exception of an ulnar styloid 
fracture in a Palmer’s type  1B bony lesion  or a fracture of the 
ulnar portion of the radius in a type  1D bony lesion . However, 
in cases of instability, it is possible to detect an increase in 
the distance between the radius and ulna in the DRUJ on PA 
views and a subluxation of the ulna on lateral views.  

   Magnetic Resonance Imaging (MRI) 
 MRI is the most frequently used imaging modality for the 
diagnosis of TFCC lesions. Although the examination allows 
direct visualisation of anatomical structure, its use for a 
proper diagnosis, especially in ulnar avulsions, remains con-
troversial, as it has low sensitivity and specifi city compared 
with arthroscopy [ 30 ,  31 ]. This gap does, however, tend to 
shorten when high-resolution MRI is used [ 32 ].  

   Contrast-Enhanced Imaging (MRI Arthrography 
and CT Arthrography) 
 In TFCC tears, contrast material injected into the joint passes 
through the lesion and therefore provides indirect visualisa-
tion. This method, applied to MRI and CT  (MRI arthrogra-
phy and CT arthrography),  has undoubtedly improved the 
results compared to non-contrast-enhanced studies, achieving 
both sensitivity and specifi city values close to those of 
arthroscopy [ 33 ,  34 ].    

30.3.4     Treatment Strategy 

 Arthroscopy is currently considered the gold standard for the 
diagnosis and correct classifi cation of TFCC injuries. Also 
from a surgical standpoint, arthroscopy has proved to be a 
highly valuable technique. The treatment of TFCC injuries 
varies according to the type of lesion. Irrespective of the dif-
ferent classifi cations [ 26 – 28 ], a TFCC injury may involve 
the disc or the peripheral portion. The TFCC disc represents 
the central, avascular portion (hence with no possibility of 
healing), which serves as a spacer and ‘shock absorber’ for 
the axial load between the ulnar head and the carpal bones. 
In the case of rupture, the pain is caused by impingement of 
the fl ap that is produced between these bony segments, and 
the surgical procedure consists in removing the fl ap and 
smoothing the edge of the lesion, using wrist-specifi c basket, 
burr and radiofrequency device. 

 Peripheral TFCC lesions involve the purely ligamentous 
portion of the structure (DRUL and PRUL). The most com-
mon peripheral lesion is a tear of the ulnar insertion (Palmer’s 
type 1B), with involvement of either one or both the TFCC 
components (dc-TFCC and pc-TFCC). On this basis, the 
resulting DRUJ instability may be more or less severe. If only 
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the distal portion is involved (dc-TFCC), it is possible to per-
form an arthroscopic suture of the TFCC with the capsule. 
The techniques described in the literature are numerous, but 
they may be divided into two categories: those involving 
tying the suture knot on the capsule externally and those 
involving an intra-articular suture knot on the TFCC. In the 
fi rst case, we use the technique reported by Stanley [ 35 ], 
which involves a small ulnar incision and the isolation of the 
sensitive dorsal branch of the ulnar nerve. Through this inci-
sion, the suture is performed with a PDF 2/0 thread and the 
aid of two needles: one for passing a single thread and the 
other for passing a loop to catch the fi rst. Suturing may be 
done with horizontal mattress sutures or vertical sutures over 
the tear and may involve one or several stitches, depending on 
the extent of the lesion. The disadvantage of this technique is 
pain on the ulnar portion produced by the knot. For this rea-
son, in recent years other suturing techniques have been 
reported involving the creation of an external loop over the 
capsule and tying of the knot intra-articularly on the TFCC 
(all-inside technique) [ 36 ,  37 ]. Even in this case, the sutures 
may be mattress sutures or vertical sutures over the tear and 
may involve one or several stitches (Fig.  30.3 ).  

 In type 1B unstable ligamentous lesions, with involve-
ment of both TFCC components (dc-TFCC and pc-TFCC) or 
with pseudoarthrosis of the ulnar styloid (chronic Palmer’s 
type 1B bony lesion), it is recommended to reinsert the 
TFCC into the fovea. In the case of pseudoarthrosis, the sty-
loid fragment is removed and the TFCC is reinserted 

arthroscopically with an anchor [ 38 ]. The technique involves 
inserting the anchor into the fovea and passing the threads in 
the TFC with monofi laments, used as carriers. Once passed 
through the TFC, the threads are grasped and pulled out of 
the joint through portal 6R. A gliding knot is then tied and a 
knot pusher is used to tighten it in the joint close to the 
TFCC. In the case of a ligamentous lesion with involvement 
of both insertions, the TFCC is reinserted into the fovea with 
an anchor using the same technique as described above. 

 If the type 1B bony lesion does not yet present pseudoar-
throsis and the bony tissue has good healing capability, an 
open styloid synthesis procedure is recommended, after 
arthroscopic assessment of TFCC integrity.  

30.3.5     Rehabilitation and Return to Play 

 The aim of rehabilitation is to obtain a functional range of 
wrist motion as close to normal as possible and to restore 
stability of the DRUJ, RCJ and MCJ, by acting above all on 
the neurophysiological and proprioceptive levels. The same 
concepts developed for other joints can also be applied to the 
wrist [ 39 ], and the following schedule can be helpful in 
achieving these goals [ 40 ]:
•    Respect the biological healing time of repaired ligaments 

while trying to prevent the development of joint stiffness  
•   Restore functional range of motion taking care to respect 

joint stability  
•   Restore gross and fi ne grasp  
•   Restore functional proprioception and coordination of 

wrist movements    
 Irrespective of complete biological healing which takes 

3–6 months in ligamentous lesions of the wrist, return to play 
is closely related to these principles, which concern above all 
restoring the physiological range of motion and re- establishing 
proprioception.      
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31.1            Introduction 

 The wrist is a complex joint that biomechanically transmits 
forces generated at the hand through to the forearm. The 
radial side of the wrist carries 80 % of the axial load and the 
ulnar side the remaining 20 % of the load. The incidence of 
wrist (and hand) injuries [ 1 ] in the sporting population is 
approximately 25 %. 

 The injuries are divided into four categories: overuse, 
nerve (and vascular), traumatic, and weight-bearing injuries. 
Overuse injuries are common in sports involving the hand 
and the wrist, such as racquet sports, golf, netball, basketball, 
and volleyball. Nerve injuries are more commonly compres-
sive neuropathies and are seen with cyclists who may com-
press the ulnar nerve in Guyon’s canal. Traumatic injuries 
are the most common and due to either a fall on to the wrist, 
a direct blow, or combination of a rotatory and torsional 
force. The weight-bearing injuries are more specifi c to gym-
nastics and result from repetitive excessive compressive and 
rotational forces across the wrist. 

 Golf and racquet sports are played throughout the world, 
both at a professional level and for health and recreation. 
With regard to golf, it was estimated in 2001 that 37 million 
individuals played 518 million rounds in the United States 
alone [ 2 ]. Major racquet sports around the world consist of 
tennis, table tennis, squash, and badminton. Tennis is the 
most common racquet sport; it has been estimated that tens 
of millions play tennis in the United States alone, and sports 
such as badminton are popular in Sweden, with 680,000 par-
ticipating at least once per week during the winter season. 
With the large numbers of individuals participating in such 
golf and racquet sports activities, it is understandable that 
associated injuries are recognized.  

31.2     Etiology and Injury Mechanisms 

 Depending of the kind of sport in practice, we can fi nd some 
different tendon lesion. A lot of studies have been done about, 
and the majority of them referred to golf and racquet sport. 

31.2.1     Types of Injuries in Golf Players 

 The prevalence of golf injuries has ranged from 25 to 62 %, 
with individuals older than 50 years of age or with a low 
handicap (1–9) having a higher prevalence [ 2 ]. The preva-
lence of injuries of professional golfers has been reported to 
be as high as 88.5 %, probably related to the number of hours 
participating in the sport [ 2 ]. The etiology of golf injuries 
can include overuse, technical errors during swing, physical 
fi tness defi ciencies (aerobic, muscle strength, fl exibility), no 
pregame warm-up, carelessness or lack of etiquette, and nat-
ural environmental conditions (uneven surface, thunder-
storms). In amateur golfers, the three most common sites of 
injury are the thoracolumbar spine (27 %), elbow (26 %), 
and wrist and hand (16 %) [ 1 ]. For the professional golfer, 
the three most common sites are the wrist (27 %), lumbar 
spine (23 %), and shoulder (9 %) [ 1 ]. Lower extremity inju-
ries are less common than spine or upper extremity injuries 
in either group [ 1 ]. Golf injuries can be considered as two 
groups: overuse (54.5 %) or acute trauma (45.5 %) [ 1 ]. 

 The majority of wrist problems (29–67 % of all problems) 
involved the leading wrist (87 %). [ 3 ] 

 Symptoms can be described in a variety of anatomical 
location:
    1.    Ulnar-sided problems: A cause of pain comprises exten-

sor carpi ulnaris (ECU) tendinosis, ECU subluxation, and 
ulnar pain after hitting a “fat” shot (where too much turf 
is taken while playing a shot). ECU subluxation can be 
acute as a result of an unexpected impact with a tree root 
or object during a full shot.   

   2.    Radial-sided pain: de Quervain’s disease can occur 
also in the leading wrist, and it has been described an 
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intersection syndrome in a player at the beginning of 
the season [ 3 ].   

   3.    Dorsal wrist pain: Some golfers have ganglia on the dor-
sum of the wrist, sometimes in the leading wrist and 
sometimes in the non-leading one. It has been also 
described [ 3 ] extensor tenosynovitis, dorsal rim impac-
tion syndrome (a condition of hypertrophic radiolunate 
synovitis causing pain on loaded extension in the dorsal 
central area of the wrist).     
 The golf swing is traditionally divided into fi ve phases 

(address, backswing, downswing, impact, and follow- 
through). The leading, non-dominant wrist (the left wrist for 
right-handed golfers) begins the golf swing in a position of 
ulnar deviation when addressing the ball. As the club is lifted 
away into the backswing, this wrist moves into radial devia-
tion until it sits maximally radially deviated at the top of the 
backswing. At this point, the club changes direction to begin 
the downswing, and the leading wrist returns to ulnar devia-
tion until impact. Several biomechanical works have studied 
the load transmission across the wrist and found an increased 
in distal ulnar loading with progressively increasing ulnar 
deviation [ 3 ].  

31.2.2     Types of Injuries in Tennis Players 

 The biomechanics of a tennis swing have been extensively 
studied. In contrast, less has been described pertaining to the 
other major racquet sports of table tennis, squash, and bad-
minton; however, certain aspects of the tennis swing can 
apply. The biomechanics of a tennis swing can be divided 
into three basic strokes: overhead or serve, forehand, and 
backhand. Signifi cant forces are applied to the upper limb 
with hand speeds at ball impact approaching 47 miles per 
hour in world-class tennis players [ 2 ]. 

 The tennis serve is composed of four stages: wind-up, 
cocking, acceleration, and deceleration and follow-through. 

 Forehand and backhand strokes consist of three stages: 
racquet preparation, acceleration, and follow-through. The 
wrist extensors are very active in every stroke. Of note, wrist 
extensors do not demonstrate increased activity with a 
single- handed backhand stroke compared with a double- 
handed backhand stroke. 

 In tennis players, injuries are typically from overuse or 
acute trauma. 

 Tendinitis and stenosing tenosynovitis have been 
described in association with almost all tendons in the wrist 
and hand. The mechanism is usually from chronic over-
stretching or recent initiations of an unaccustomed motion or 
activity. The symptoms are usually a vague pain radiating 
along the affected tendon into its insertion and occasionally 
affecting the joints over which tendons cross. 

 We subdivide wrist tendon lesion by its localization, 
 dorsal or volar (Fig.  31.1 ): 
•    Dorsal:

 –    De Quervain’s tenosynovitis  
 –   Intersection syndrome  
 –   Extensor insertional tenosynovitis  
 –   ECU lesions     

•   Volar:
 –    Flexor carpi radialis (FCR) tenosynovitis  
 –   Other tendons         

31.3     Pathology 

31.3.1     De Quervain’s Tenosynovitis 

 The most common form of stenosing tenosynovitis reported 
in racquet sports is de Quervain’s disease [ 4 – 7 ]. It consists 
of infl ammation of the abductor pollicis longus (APL) and 
extensor pollicis brevis (EPB) as they pass through the fi rst 
compartment at the level of the radial styloid. Often there 
are multiple slips of the APL. Repetitive ulnar deviation 
and grasp can infl ame these tendons in this closed space 
resulting in pain with thumb use. Clinically there is swell-
ing and tenderness along the radial aspect of the wrist. 
Filkenstein’s test is positive, with pain reproduced by hav-
ing the patient tuck his thumb into the palm and then ulnarly 
deviate the wrist. This lesion may be bilateral in 30 % of 
the cases, and it exist a septum between the tendons in 
approximately 70 %. 

 The differential diagnosis includes infectious tenosyno-
vitis of the fi rst extensor compartment, fi rst carpometacar-
pal joint osteoarthritis, FCR tenosynovitis, intersection 

  Fig. 31.1    The extensor compartments (with permission by Prof. Ivan 
Saenz Navarro. Hospital Clinic, Barcelona)       
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syndrome, and isolated neuritis of the superfi cial radial 
nerve, also called “Wartenberg’s syndrome.” 

 MRI characteristics are fairly typical and include thicken-
ing and heterogeneity of the fi rst compartment tendons and 
sheath, tenosynovial effusion and surrounding loss of fat 
planes due to soft tissue edema, and low-signal scar tissue 
(Figs.  31.2a, b ).  

 The majority of the patients will respond of the conserva-
tive care. This includes nonsteroidal (NS) medications and 
immobilization. If this is not successful, then a steroid injec-
tion into the canal can be useful, taking care to avoid a dorsal 
radial sensory nerve’s lesion. In recalcitrant cases, surgical 
release of the fi rst compartment can be curative. Through a 
transverse skin incision, perform a longitudinal opening of 
the fi rst compartment, realising the septum if it’s present  
(Fig.  31.3 ).  

 Postoperatively, the patient is splinted for 3 weeks and 
started to use progressively his wrist. Racquet sport should 
be avoided for 8 weeks. Recently, Kang et al. [ 4 ] have pub-
lished good results using an endoscopic release versus open 
release. They recommended surgical procedure 3 months 
after a non-successful conservative treatment including ste-
roid injection, and they conclude that this technique seems to 
provide earlier improvement after surgery with fewer tempo-
rary symptoms of superfi cial radial nerve injury and greater 
scar satisfaction, without signifi cant difference in pain score.  

31.3.2     Intersection Syndrome 

 Wrist intersection syndrome or squeaker’s wrist is a periten-
dinous infl ammation that occurs between 4 and 8 cm dorsally 
and proximally to the de Quervain’s lesion, exactly where the 
fi rst extensor compartment tendons cross over the second one 
which contain extensor pollicis longus tendon (EPL). It’s pro-
duced generally in sports like rowing, canoeing, playing 
racket sports [ 8 ], horseback riding, and skiing. The correct 
diagnosis can be diffi cult clinically, and MRI is very useful 
showing the presence of infl ammation around the fi rst and 
second extensor compartment [ 9 ]. Currently ultrasound can 
also help us in the diagnosis of this pathology. In chronicle 
situations, tendons can suffer a total rupture because of the 
maintained friction. Nonoperative treatment is also useful 
using NS medications and splint immobilization. Rarely a 
surgical solution with bursa’s excision is needed.  

31.3.3     Extensor Insertional Tenosynovitis 

 Insertional tendinitis can occur in any of the extensor tendons. 
Most commonly, we can fi nd it affecting the second extensor 
compartment and the extensor carpi radialis longus (ECRL) 
and brevis (ECRB). This localization is not  commonly 

a

b

  Fig. 31.2    ( a ) De Quervain’s tenosynovitis. Coronal fat-suppressed 
T2-weighted image demonstrates tendon sheath effusion, peritendinous 
edema, and tendon thickening of the fi rst extensor compartment 
( arrow ). ( b ) Axial view. Peritendinous edema at the fi rst extensor com-
partment ( arrow )       

  Fig. 31.3    First compartment opened surgically       
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reported, however, because of primary symptoms at the 
 muscular origin. Classical lateral epicondylitis (tennis elbow) 
represents a proximal infl ammation of the extensor carpal ten-
dons and is more common in the amateur than in the profes-
sional tennis player. Elite players are more likely to incur 
infl ammation in the medial epicondyle from fl exor origin 
overload during the serve. Insertional tendinitis in the radial 
wrist extensors may often be associated with some bony thick-
ening at their respective insertions at the base of the second 
and third metacarpals. This bony thickening called a “carpo-
metacarpal boss” is occasionally mistaken for a ganglion, but 
the examiner should be alert to the different consistency of the 
swelling and its location over the junction of the carpometa-
carpal joints. Treatment generally follows the classic pattern 
of rest and nonsteroidal medication. In the digital extensors, 
tendinitis is most common in the extensor pollicis longus 
where it abuts Lister’s tubercle or in the index and small exten-
sor tendons because of their more oblique course [ 8 ].  

31.3.4     Extensor Carpi Ulnaris (ECU) Lesions 

 ECU lesion is one of the pathology included in the so-called 
ulnar wrist syndrome, where we can fi nd lesions such trian-
gular fi brocartilage complex tears, lunotriquetral instability, 
distal radioulnar joint pathology, fl exor carpi ulnaris tendini-
tis, and pisotriquetral arthritis. 

 The ECU tendon passes through the sixth extensor com-
partment and is held within the groove of the ulnar head by a 
deep retinaculum, referred as an ECU subsheath. ECU tendi-
nitis or subluxation is seen in sports requiring repetitive wrist 
motion, such a rowing or racquet sports that require a snap of 
the wrist [ 10 – 12 ] 

 ECU tendinopathy and tendon tear can occur with repeti-
tive wrist motion, usually in racquet sports. With 2-handed 
backhand, the non-dominant wrist will undergo exaggerated 
ulnar deviation, and the patient may complain of tenderness 
of the sixth extensor compartment adjacent to the ulnar sty-
loid. The ECU tendon can also sublux if there is traumatic 
rupture of the ECU subsheath caused by forceful supination 
of the forearm, fl exion, and ulnar deviation of the wrist dur-
ing tennis, baseball, or other racquet sports. ECU tendon is in 
risk when the wrist is working in volar fl exion, supination, 
and ulnar deviation because it’s the more oblique position. 

 In golf players, the majority of wrist problems involve the 
leading wrist with ECU subluxation or ECU tendinosis [ 3 ]. 

 Surgeons should differentiate between acute and chronic 
lesions. The fi rst group corresponds to retinaculum evolving 
the tendon, and the second ones affect the tendon itself. 

 The MRI characteristics of tenosynovitis of the ECU ten-
don include thickening of the tendon sheath, tenosynovial 
effusion, and peritendinous infl ammatory changes (Fig.  31.4 ).  

 When there is instability of the ECU tendon, patients 
 usually complain of a clicking with forearm rotation, and the 

subluxation of the tendon can be visibly palpated and 
observed. It’s possible to reproduce it by forced supination 
and palmar fl exion. 

 Patterson et al. published [ 13 ] an acute traumatic ECU 
tendon subluxation treated conservatively in a case report. 
They placed the wrist in a short-arm cast in approximately 
30° of extension, radial deviation, and pronation for 8 weeks 
with a good result. 

 In chronic cases, when immobilization is not effective, 
surgical procedures are needed. The majority of these proce-
dures require the creation of a sling which is usually con-
structed from the extensor retinaculum.  

31.3.5     Flexor Carpi Radialis (FCR) 
Tenosynovitis 

 Flexor tendon injuries are common in racquet sports and 
golf. With golf, the trailing hand normally undergoes a 
wider range or fl exion and extension during the swing. In 
addition, unwanted fat shots and divots impart large forces 
onto the wrist. The spectrum of fl exor carpi radialis tendon 
injuries ranges from tendinopathy (with tenderness over the 
insertion onto the second metacarpal base and pain with 
resisted wrist fl exion) to rupture with inability of the patient 
to fl ex the wrist. 

 Clinically, there is pain and crepitus over the FCR ten-
don in the region just proximal to the fl exor creases of the 
wrist. MRI is very useful in the diagnosis, and the fi ndings 
include tendon sheath thickening. Infl ammatory changes of 
the scaphotrapezial joint have also been described. Because 
of its proximity to the FCR, concomitant median nerve irri-
tation may occur. MRI can be useful in approaching this 
entity, because the clinical diagnosis can be diffi cult, and it 
may be mistaken for scaphotrapezial joint disease, soft 
 tissue ganglion, distal scaphoid fracture, distal radial 
 fracture, and the Linburg’s syndrome [ 10 ]. 

 Treatment is always conservative.  

  Fig. 31.4    This image shows intrasubstance longitudinal split of the 
ECU tendon ( arrow ) associated with peritendinous edema       
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31.3.6     Others Tendons 

 Other wrist tendons are also involved in overuse injuries. 
Flexor carpi ulnaris (FCU) tendinitis may be bilateral. Pain is 
felt with fl exion and ulnar deviation and usually responds to 
conservative treatment. There is described a FCU tendinitis 
in pisotriquetral instability [ 14 ]. 

 We can fi nd anomalous tendon interconnections that are 
relatively uncommon. 

 Linburg’s syndrome is a tendinous interconnection between 
the fl exor pollicis longus and index profundus tendons, and 
this may produce pain in the forearm. The anomaly is present 
in 31 % of the population. If symptomatic, surgery restores the 
independent movement of the index fi nger and the thumb [ 1 ]. 

 Another uncommon presentation of wrist pain is an exten-
sor digitorum brevis manus, an anomaly muscle in the 
 dorsum of the hand. It may be misdiagnosed as a ganglion 
and present as a painful lump following exercise. Kuschner 
et al. described a case in a weightlifter treated successfully 
by surgical excision [ 15 ].      
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32.1             Introduction 

 Fractures of the distal epiphysis of the radius are rather com-
mon injuries, representing about 1.5 % of all emergency 
department cases [ 1 ]. These fractures are more common in 
children and in young male adults, due to sport injuries and 
traffi c and work accidents, and in the elderly female popula-
tion due to osteoporosis related to bone fragility [ 2 ,  3 ]. 

 For many years, the treatment of these fractures has been 
mainly conservative, consisting in close reduction and cast 
immobilization. Conservative treatment may lead to poor 
results in unstable fractures where initial reduction may be 
lost due to muscle contracture and movement [ 4 ], or in frac-
tures involving the radiocarpal or radioulnar joint surfaces 
where joint fragments are often not completely reducible by 
means of external manipulation. 

 In more recent years, due to a better knowledge of wrist 
joint function, more sophisticated diagnostic means, and less 
invasive and better tolerated implants, the surgical approach 
to distal radius fractures has been reconsidered and employed 
in an increasing number of cases [ 2 ]. The advantages of sur-
gical treatment, consisting in better anatomical reconstruc-
tion and earlier mobilization, should be matched with higher 
costs of treatment and general surgical risk to identify the 
appropriate treatment approach for every single case.  

32.2     Distal Radius Fractures and Sports 

 The wrist is exposed to trauma in several sports disciplines. 
 The most common mechanism of distal radius fracture is 

a fall with extended elbow and wrist as an attempt to protect 
the head [ 5 ,  6 ]. As the palm hits the ground, the carpus 
impacts the radial epiphysis transmitting axial, share, or 

combined forces that may induce different patterns of 
 fractures. Such a situation can happen in most athletic activi-
ties, especially those where a fall may occur at high speed, 
like in biking or skiing or from a height, as in horse riding. 

 A less common injury to the distal radius is a direct stroke 
to the wrist or forearm as sometimes happens in contact 
sports. In such a situation, the ulna alone may be injured 
when the athlete wards off the hit with his forearm. 

 Occasionally, a strong rotation of the wrist or a hit hold-
ing a racket or a bat may generate forces capable of causing 
complex comminuted fractures to the distal radius. 

 In motor sports, the distal radius can suffer injury through 
a sudden violent deceleration with the hand grasping the 
steering wheel or gripping motorcycle handlebars. 

 Treatment of distal radius fractures in athletes is oriented 
toward a fast rehabilitation and return to the specifi c activity. 
Internal fi xation is frequently preferred to conservative or 
less invasive surgical treatments allowing an earlier rehabili-
tation of wrist motion and reducing the risk of a secondary 
displacement that, although insignifi cant in normal daily 
activities, may limit top-level physical performances.  

32.3     Pertinent Anatomy 

 The distal radius is a very complex bone segment. 
 It includes two joint surfaces, respectively, for the carpus 

at the radiocarpal joint and for the ulna at the distal radioul-
nar joint (DRUJ). 

 The radiocarpal joint surface is not perpendicular to the 
main axis of the radius, presenting a volar and ulnar tilt of 
approximately 15–20°. It is divided by a transverse ridge into 
two different joint facets, the radioscaphoid fossa facing the 
scaphoid and the lunate fossa facing the lunate in the proxi-
mal carpal row. 

 This arrangement of the joint surface has a fundamental 
role in the sophisticated biomechanics of the wrist and 
should always be preserved or restored when altered by 
trauma. 

      Distal Radius Fractures 
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 The sigmoid notch of the radius is the articular surface 
facing the ulna in the distal radioulnar joint. The DRUJ is 
part of a more complex joint system which includes the prox-
imal radioulnar joint and the interosseus membrane. It is fre-
quently disregarded when involved in wrist trauma. 

 The triangular fi brocartilage (TFC), that with the radio-
ulnar and ulnocarpal ligaments compose the triangular 
fi brocartilage complex (TFCC), arises from the ulnar mar-
gin of the articular surface of the radius and reaches the 
ulna at the fovea and the styloid in a complex arrangement. 
This ligament plays a fundamental role in radioulnar bio-
mechanics and is frequently involved in distal radius 
fractures. 

 The dorsal aspect of the distal radius displays a series of 
bone ridges separating grooves, corresponding to the narrow 
retinacular canals. Their evenness is fundamental for the 
sliding motion of the extensor tendons as they reach the 
hand. The most prominent of these dorsal ridges is the Lister 
tubercle, around which the extensor pollicis longus tendon 
leaves the third retinacular canal and changes its direction 
heading toward the thumb. The tendon is therefore exposed 
to ruptures when a fracture involving the region heals with 
sharp or irregular edges of the tubercle. 

 The volar aspect of the distal radius is more regular; it is 
almost completely covered by the wide insertion of the pro-
nator quadratus muscle, whose distal border corresponds to 
the watershed line, a transverse ridge lying just proximal to 
the joint edge, representing an important landmark in the 
placement of implants. A plate set distally to this line may 
interfere with the sliding motion of the fl exor tendons. 

 Extrinsic wrist ligaments arise from the dorsal and volar 
edges of the distal radius and from the radial styloid, heading 
toward the carpus. The involvement and lesion of these liga-
ments in distal radius fractures are frequent and may gener-
ate chronic joint instability if not detected and treated.  

32.4     Classifi cation 

 Since the description made by Abraham Colles in the early 
nineteenth century [ 7 ], many physicians have defi ned distal 
radius fractures as “Colles fracture.” As for all other frac-
tures, a more accurate defi nition of the pattern and relations 
of fracture fragments is required to determine the most 
appropriate treatment. 

 There is no defi nitive classifi cation of wrist fractures. 
Many factors must be considered:
•    Fracture pattern  
•   Joint involvement  
•   Comminution  
•   Stability  
•   Soft tissue damage  
•   Associated lesions of ulna and carpal bones    

 Several classifi cations have been proposed in recent years. 
Among those most frequently considered, the following 
should be mentioned: 

32.4.1     Frykman’s Classifi cation [ 8 ] 

 Proposed in 1967 is a very simple classifi cation which consid-
ers the presence of articular involvement and ulnar fractures.  

32.4.2     Mayo Clinic Classifi cation [ 9 ] 

 Fractures are classifi ed with regard to joint involvement, 
 displacement, and reducibility.  

32.4.3     Columnar Classifi cation [ 10 ] 

 This classifi cation is strongly oriented toward treatment 
choices; it divides the distal radioulnar complex into three 
columns with biomechanical signifi cance.  

32.4.4     Fernandez Classifi cation [ 11 ] 

 This extensive classifi cation is based on the injury mecha-
nism determining the different fracture types and considers 
the associated lesions of soft tissues when suggesting the 
appropriate treatment.  

32.4.5     AO Classifi cation [ 12 ] 

 A widely adopted method that divides the fractures into three 
major groups and several subgroups depending on type of 
fracture, articular involvement, and metaphyseal comminu-
tion. This classifi cation is rather complex but comprehensive 
of all possible fracture patterns and is easily accepted because 
this is comparable with the AO classifi cation of all other dis-
trict fractures. 

 Whichever classifi cation is adopted, it is fundamental to 
refer to it for every case the surgeon has to deal with, with the 
intent to standardize treatment protocols and outcome 
evaluations.   

32.5     Diagnosis 

 The diagnosis of distal radius fractures is based on clinical 
examination and x-ray assessment. 

 Deformity of the wrist is typical in many fractures with 
dorsal or palmar displacement; it may be less evident or absent 
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in fractures with minimal displacement of the carpus on the 
forearm, even in the presence of extensive comminution. 

 Swelling is an important sign present in all wrist fractures 
and is caused by early hematoma formation both in the joint 
and in the surrounding tissues. It is usually visible immedi-
ately after the injury since the wrist is a rather superfi cial 
joint, with no muscle cover. 

 Median nerve dysfunction occurs in a signifi cant number 
of cases [ 13 ]. In many cases, it is present from the fi rst obser-
vation due to compression in the carpal tunnel by displaced 
fracture fragments or hematoma and should always be con-
sidered when planning the best treatment option [ 14 ]. Pain is 
almost always present and is the main cause of early dys-
function and loss of strength and movement of the hand. 

 A high-energy trauma may cause skin tears due to the 
piercing by and subsequent exposure of sharp fractured bone 
tips, especially when the ulna is involved. 

 Standard x-rays include anteroposterior and lateral views. 
The lateral image should be obtained with the beam directed 
parallel to the articular surface, inclined approximately 15° dis-
tal to proximal (facet lateral radiograph) to avoid overlapping 
of the radius styloid. Additional x-rays must be performed 
when associated fractures of carpal bones are suspected. 

 CT scan is fundamental in the assessment of all articular 
fractures [ 15 ]. It gives important information on the number 
and displacement of fragments, comminution of articular 
surface and metaphyseal bone, and associated injuries of the 
carpus. It also suggests indirect evidence of ligament tears.  

32.6     Treatment 

32.6.1     Treatment Strategy 

 Several options are available for the treatment of distal radius 
fractures, and there is not just one method that can be applied 
to every fracture. 

 When determining the best treatment choice for a specifi c 
patient, many factors should be taken into account:
   Fracture pattern (referring to the chosen classifi cation)  
  Stability  
  Associated injuries  
  Nerve dysfunction  
  Patient specifi cations (age, general conditions, activity)    

 The AAOS guidelines for distal radius fractures [ 16 ] sug-
gest operative fi xation for fractures with postreduction radial 
shortening >3 mm, dorsal tilt >10°, or intra-articular dis-
placement or step-off >2 mm as opposed to cast fi xation. 
Many studies support these suggestions [ 4 ,  17 ]. 

 Radial shortening and dorsal tilt, which play an important 
role in permanent disability after distal radial fractures, tend 
to recur after an appropriate reduction and cast immobiliza-
tion in most cases. 

 Recent studies have focused on the importance of distal 
fragment ulnar residual translation that may determine 
radioulnar instability even without lesions of the radioulnar 
ligaments [ 18 ]. 

 Tears of the radioulnar or intercarpal ligaments are often 
present in distal radius fractures [ 19 ,  20 ]. They frequently 
remain undetected because physicians tend to focus on frac-
ture management, and a complete clinical examination is 
impossible for the presence of pain and deformity. An ade-
quate treatment plan should always include the evaluation 
and early repair of these lesions. 

 Displaced fractures of the radial epiphysis may determine 
compression of the median nerve into the carpal tunnel [ 13 ]. 
An early reduction of the fracture can release the compres-
sion in most cases, while persisting nerve dysfunction may 
require surgical decompression. 

 Despite an incomplete reduction of the radial fracture, 
complaints regarding loss of function may be insignifi cant in 
patients with poor functional needs. In these cases, particu-
larly when associated with contraindications to surgery, an 
incomplete reduction of the fracture and immobilization may 
represent an acceptable choice of treatment. 

 On the other hand, a surgical approach and stable internal 
fi xation may be a better choice for relatively stable extra- 
articular or simple articular fractures in young active adults 
requiring the best possible functional long-term outcome and 
a faster recovery.  

32.6.2     The Role of Conservative Treatment 

 Despite the great number of studies recommending a more 
gentle approach to displaced distal radius fractures [ 21 ,  22 ], 
it is not rare to see these injuries managed with aggressive 
reduction and immobilization in a long-arm cast with 
extremely fl exed and ulnarized wrist position, in an attempt 
to stabilize a correct relation between the fracture fragments. 
The so-called Cotton-Loder position [ 23 ] is then protracted 
for several weeks, and the patient is told that the consequent 
pain and discomfort are unavoidable. This approach can gen-
erate severe complications and sequelae like median nerve 
compression, joint stiffness, regional sympathetic dystrophy, 
skin sores, and, in rare cases, Volkmann contracture [ 24 ]. 
Recovery requires a long rehabilitation program and is 
incomplete in many cases. 

 Adequate reduction of distal radius fractures treated with 
cast immobilization is lost in most cases at serial radio-
graphic follow-up controls. 

 These considerations should not push physicians toward an 
excessive indication to surgery. A correct conservative 
approach to distal radius fractures is recommended in stable 
extra-articular or simple articular fractures, or in patients with 
low-functional needs or major contraindications to surgery. 
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 An adequate conservative treatment should include the 
following steps:
   Reduction of the fracture is obtained by gentle manipulation 

under local anesthesia, after a mild longitudinal traction 
prolonged for several minutes.  

  If the reduction is satisfactory and appears stable, a short- 
arm cast is applied. AAOS guidelines for distal radius 
fractures [ 16 ] proved unable to recommend immobili-
zation of the elbow. Many authors [ 22 ,  25 ,  26 ] suggest 
the use of a double sugar tong splint for the fi rst 3 weeks, 
allowing some fl exion-extension of the elbow but 
impeding the rotation movement. The position of the 
wrist may vary from moderate fl exion and ulnar devia-
tion to extension, depending on the characteristics of 
the fracture, but extreme positioning should never be 
adopted.  

  Follow-up should include serial radiographs to ensure that 
the reduction is maintained.  

  Cast immobilization is prolonged for 5–6 weeks. After 
removal of the cast, an intensive rehabilitation program is 
started. Weightbearing is not permitted for a further 
4–6 weeks.     

32.6.3     The Role of Percutaneous Pin Fixation 

 Percutaneous pin fi xation allows the stabilization of many 
unstable reducible fractures [ 27 ] (Fig.  32.1 ). Kirschner wires 
may be placed through the reduced fracture in different direc-
tions, based on the specifi c needs of fragment fi xation. Pins 
piercing distal fragments may also be used to help reduce frac-
tures diffi cult to manage by simple external manipulation.  

 Percutaneous pins alone cannot provide suffi cient stability 
to prevent recurrent dislocations. Their use is always associated 
with the application of a splint or an external fi xator, in the 
 so-called augmented external fi xation described later. 

  Fig. 32.1    A simple articular 
fracture of the radial and ulnar 
styloid, fi xation with percutaneous 
Kirschner wires       
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 Pin fi xation is also the preferred surgical method for the 
treatment of fractures in children [ 28 ,  29 ] in cases where 
conservative treatment is unsuccessful.  

32.6.4     The Role of External Fixation 

 External fi xation has been considered an important means of 
treatment in the past years, as internal fi xation devices were 
not as stable and versatile as they are today [ 30 ]. 

 More recently, external fi xation has retained a role in 
selected situations where extreme comminution, massive 
damage or loss of skin and soft tissue, critical survival condi-
tions in trauma, and contamination of exposed bone discour-
age the use of internal fi xation implants. 

 In many cases, external fi xation is performed as a tempo-
rary stabilizer, and the treatment shifts to ORIF as adverse 
conditions are resolved. 

 In very comminuted fractures, where stability of internal 
fi xation devices is not granted, external fi xation may be asso-
ciated in order to enhance stability in the early phases of 
bone healing [ 31 ]. 

 The maintenance of reduction with external fi xators is 
often based on distraction that may lead to adverse condi-
tions such as ligament lesions, CRPS, and secondary hyper-
correction [ 32 ]. 

 The combination of external fi xation devices with K-wires 
(augmented external fi xation) enhances stability, prevents 
secondary displacement, and reduces the need for distraction 
and related complications [ 33 ] (Fig.  32.2 ).   

32.6.5     The Role of Arthroscopy 

 Arthroscopy is considered an important means in the treat-
ment of articular comminuted fractures of the wrist [ 34 ]. 

 Arthroscopic assistance allows direct visualization of the 
ongoing reduction of articular fragments and a more accurate 
reconstruction of the joint surface, which greatly affect the 
outcome of medium- and long-term results. 

 Arthroscopy is also useful in the early evaluation and treat-
ment of associated ligament lesions such as scapholunate or 
lunotriquetral ligaments or TFC [ 20 ]. These lesions may be 
underestimated during the assessment of the injury, as pain 
and deformity does not allow to adequately examine these 
articular structures, and stable or incomplete ligament tears 
often go undetected by standard x-rays and CT scan. Once 
detected, ligament tears associated to the fractures can be 
immediately repaired arthroscopically or by an open approach. 

 Wolfe [ 22 ] recommends postponing arthroscopic reduc-
tion for 3–7 days to avoid excessive bleeding, which may 
limit visibility, and risk development of a compartment syn-
drome due to extravasation of fl uids into the soft tissues. 

 Arthroscopic reduction is followed by stabilization of the 
fracture by percutaneous pins or internal plate fi xation.  

32.6.6     The Role of Internal Fixation 

 For many years, internal fi xation of distal radius fractures 
was affected by a high rate of complications due to the inter-
ference of implants with contiguous structures, in particular 
the extensor tendons, and to the rather poor stability of tradi-
tional fi xation systems applied to osteoporotic or fragmented 
metaphyseal bone. 

 For these reasons, internal fi xation used to be limited to 
those fractures considered untreatable by other means. 

 The development of a safe volar approach to the distal 
radial epiphysis [ 35 ] and the availability of fi xed angle plates 
have dramatically changed surgical treatment of distal radius 
fractures. Metaphyseal comminution is a signifi cant cause of 
instability. A great variety of devices has been developed for 
the treatment of distal radius fractures. Screws secured to the 
plate buttress the subchondral bone and prevent secondary 
displacement of the joint surface [ 36 ,  37 ]. The possibility to 
fi x the screws to the plate at variable angles of last generation 
fi xation devices has permitted a more reliable control of 
bone fragments in complex fractures and a better restoration 
of anatomy. 

 Low-profi le and less invasive dorsal plates, designed for 
specifi c bone fragments, are used alone or in combination 
with volar plates when they are unable to maintain the 
obtained reduction of dorsal fragments alone [ 10 ]. 

32.6.6.1     Dorsal Approach 
 The dorsal epiphysis of the radius is approached by opening 
the third retinacular canal and elevating the retinaculum on 
both sides without exposing the extensors. Care must be 
taken in extensive comminution to preserve small bone frag-
ments that tend to follow the elevated soft tissues. 

 Dorsal fi xation of distal radius fractures has evolved during 
the last decades from plates applied to the whole dorsal surface 
of the distal epiphysis, to smaller low-profi le plates designed 
for specifi c column fractures [ 10 ] (Fig.  32.3 ). Despite this evo-
lution, interference with extensor tendons may still occur, and 
dorsal fi xation is indicated only in those cases where a volar 
approach alone fails to restore anatomical conditions.  

 A dorsal approach can also be exploited to control 
 “diffi cult” dorsal fragments that can be then fi xed with a 
volar plate alone or in combination with dorsal screws or 
plates once reduced [ 38 ].  

32.6.6.2     Volar Approach 
 The volar aspect of the distal radius is easily exposed with 
different approaches [ 35 ]. The pronator quadratus muscle is 
gently detached and elevated from the radial metaphysis. The 
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a

b

  Fig. 32.2    Extra-articular fracture 
with radial translation of the distal 
epiphysis. ( a ) Cast immobilization 
fails in controlling the translation. 
( b ) Reduction and stabilization 
with augmented external fi xation       
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brachioradialis can be separated to facilitate the  reduction of 
fractures involving the radial styloid. Articular fragments 
must be repositioned under direct view, arthroscopic, or fl uo-
roscopic control. In cases with extensive metaphyseal com-
minution, bone grafts or bone substitutes can contribute to 
restore bone continuity and support subchondral bone and 
articular fragments. Once the fracture is reduced, a temporary 
stabilization with Kirschner wires can facilitate the position-
ing of a volar plate. 

 Most last generation plates have been designed to be 
placed proximally to the watershed line to prevent interfer-
ence with fl exor tendons. Locking and traditional screws can 

be chosen to achieve a better stabilization of every fracture, 
buttress subchondral bone, and pull dorsal fragments 
(Fig.  32.4 ). The repositioned pronator quadratus muscle cov-
ers the plate and protects the fl exor tendons.  

 The postoperative regimen may vary depending on the 
stability of the implant. 

 In simple stable fractures, wrist mobilization can be 
started in the fi rst days after the operation, with a protective 
splint to be removed for exercise. 

 In more comminuted fractures or osteoporotic bone, where 
stability is not granted, the joint is immobilized in a splint for 
5 weeks. Elbow and fi nger movement is encouraged.       

  Fig. 32.3    Radial column 
fracture fi xation with a dorsal 
specifi c fragment plate and 
screws       
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  Fig. 32.4    Articular fracture of 
the distal radius. ( a ) Standard 
x-rays. ( b ) CT adds important 
information about the number 
and pattern of fragments. 
( c ) Fixation by means of a volar 
locking plate positioned 
proximal to the watershed line       

a

b
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         Imaging methods play an important role in the evaluation of 
unexplained hip pain. The role of diagnostic imaging in the 
evaluation of the hip pain has been expanded recently by 
advances in computed tomography (CT) and magnetic reso-
nance imaging (MRI) [ 1 ,  2 ]. Historically, MRI arthrography 
has shown success in detecting labral pathology, loose bod-
ies, and also ligamentum teres abnormalities [ 3 - 5 ]. The addi-
tion of 3T MRI has increased our ability to visualize articular 
cartilage and other intra-articular and extra-articular abnor-
malities causing hip pain [ 6 ]. This chapter is intended for the 
arthroscopist and includes a brief review of various imaging 
modalities used in the evaluation of adult hip pain with 
emphasis on the diagnosis of intra-articular hip pathology. 

33.1     Plain Radiography 

 Perhaps the most important tools in evaluating the hip are 
plain radiographs. Plain radiographs may demonstrate obvi-
ous causes of hip pain such as developmental dysplasia, 
stress fracture, avascular necrosis, degenerative joint disease, 
or tumor. Plain radiographs can also help us to clarify more 
subtle changes associated with mild cases of hip dysplasia or 
femoroacetabular impingement [ 7 ]. Just as is commonly 
seen in the other big joints, signifi cant articular surface dam-
age apparent at arthroscopy may be related to only subtle 
radiographic evidence of joint space narrowing on radio-
graphs that could be superfi cially interpreted as normal. 

 Standard hip radiographic series include an anteroposte-
rior (AP) view of the pelvis and frog-leg lateral views of the 
affected hip (Fig.  33.1 ). The frog-leg lateral radiograph pro-
vides accurate visualization of the femoral head-neck offset 

in patients being evaluated for femoroacetabular impinge-
ment [ 7 ]. This series may be completed with 45° and 90° 
Dunn views, false profi le, and cross-table lateral views [ 7 ]. 
In traumatic cases, oblique or Judet views can help us to 
detect acetabular fractures.  

 Except the false profi le view, all the remaining aforemen-
tioned projections are performed in lying supine position. In 
the AP view of the hip and pelvis, the patient’s feet must be 
internally rotated 15° and the x-ray beam directed exactly in 
the AP plane [ 8 ]. The true AP pelvis view should have a 
neutral tilt and obliquity with the tip of coccyx 1.5–2 cm 
from symphysis. The AP pelvis fi lm is centered low over the 
hips, and this is used rather than just an AP view of the 
affected hip for two reasons. First, it allows a radiographic 
examination of closely related areas, including the sacrum, 
sacroiliac joints, ischium, ilium, and pubis. Second, it allows 
us to compare subtle variations of the affected and contralat-
eral hip. 

 The frog-leg lateral view is obtained with the hip abducted 
and the x-ray beam oriented in the AP direction [ 8 ]. The 
frog-leg lateral view provides a good lateral view of the fem-
oral head and head-neck junction. The 45° and 90° Dunn 
views are taken with the hip fl exed 45° or 90° and 20° 
abducted and the x-ray beam directed in the AP plane [ 7 ]. 

 In recent years, much attention has been devoted to 
radiographic changes associated with FAI [ 7 ,  9 ]. The FAI 
syndrome could be divided into three types: pincer type, 
cam type, and mixed type (a combination of both). In the 
pincer type FAI, we could fi nd excessive acetabular cover-
age, a crossover sign (COS) (Fig.  33.2 ), or posterior wall 
sign [ 9 ]. The crossover sign is associated with cranial 
acetabular retroversion but could also be often present on 
well-positioned AP pelvis radiographs in the absence of 
acetabular retroversion. Zaltz et al. reported that different 
morphologies and sizes of the anterior inferior iliac spine 
(AIIS) might contribute to the COS even in the absence of 
acetabular retroversion [ 10 ]. Findings supportive of the 
cam-type FAI include an aspherical femoral head with an 
abnormally increased alpha angle, focal prominence at the 
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anterior or lateral femoral head-neck junction (Fig.  33.3 ), 
and a typical pistol grip deformity of the proximal femur 
or cystic lesion [ 7 ,  9 ]. The alpha angle is defi ned as the 

angle subtended between the midline of the femoral neck 
and a line connecting the center of the femoral head to the 
point along the head-neck junction which fi rst deviates 
from the sphericity of the femoral head (Fig.  33.3b ). 
Notzli et al. reported signifi cant increases in the alpha 
angle in FAI patients (72°) when compared with healthy 
controls (42°) [ 11 ].   

 Considerable variability in measurements could arise 
depending on pelvic position [ 7 ]. Plain radiographic fi ndings 
in young patients with painful hips suggestive of any type of 
FAI should always be correlated with clinical evaluation.  

33.2     Computed Tomography 

 CT is used to further characterize a bony detail of the hip not 
available on plain radiographs by providing cross-sectional 
information. CT of the hip should be done primarily in the 
setting of trauma or in suspicion to the neoplasm of the prox-
imal femur or acetabulum. Occasionally, it is used to evalu-
ate developmental hip dysplasia, to detect the small particle 
disease, and to evaluate for nonunion [ 12 ]. Multislice helical 
CT has markedly improved our ability to rapidly acquire 
high-resolution images with multiplanar 2D or 3D recon-
struction with the benefi ts of a lower radiation dose than con-
ventional CT, to improve resolution and to help us reduce the 
exam time. 3D CT reconstruction shows us a three- 
dimensional view of the acetabulum and femoral head and 
neck in FAI syndromes. The 3D CT helps us to clarify where 
exactly the cam or pincer lesion or other different abnormali-

a b

  Fig. 33.1    Plain radiograph. ( a ) AP view of the pelvis with both hips with neutral tilt and obliquity. On the right hip, the FAI is present. ( b ) The 
frog-leg lateral radiograph provides accurate visualization of the femoral head-neck offset       

  Fig. 33.2    The crossover sign in patient with Pincer type of FAI syn-
drome. Blue line indicates anterior wall and red line posterior wall of 
the acetabulum       
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ties are situated, and therefore, it is very helpful in preopera-
tive planning (Figs.  33.3 ,  33.4 , and  33.5 ). In our institution, 
3D CT is performed in every patient before and also after 
arthroscopic management of the FAI syndrome to clarify 
whether the resection of the cam or pincer lesion has been 
suffi cient.   

 In the setting of trauma, CT of the hip is used primarily to 
better characterize a fracture or fracture dislocation and to 
aid in the detection of articular surface fractures and intra- 
articular loose fragments [ 1 ]. CT can also yield information 

used in predicting hip instability in fractures of the posterior 
wall of the acetabulum. 

 CT offers a tool for preoperative measurement and plan-
ning for patients undergoing hip arthroplasty and can also be 
helpful in detecting and determining the extent of osteolysis 
around the hip prosthesis [ 13 ]. But in this case, a high 
artifact- free protocol is necessary. 

 CT can be used to help characterize the nature of the 
tumor matrix and demonstrate cortical thinning or destruc-
tion, in cases of neoplasm [ 14 ].  

a b

c d

  Fig. 33.3    A 28-year-old soccer player with painful right hip ( a ) AP 
view with pistol grip deformity on the lateral part of the head-neck 
junction typical for cam type of FAI syndrome. ( b ) The frog-leg view 

reveals anterior part of cam lesion. Measurement of the alpha angle is 
shown. ( c ) Anterior view of the right hip on 3D CT before and ( d ) after 
arthroscopic cam resection       
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a b

c

  Fig. 33.4    A 24-year-old ice hockey player who suffered an avulsion fracture of the anterior inferior iliac spine 8 years ago. Subspine impingement 
syndrome is seen on the ( a ) frog-leg lateral view and ( b ) anterior and ( c ) anterolateral view of 3D CT       
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33.3     CT Arthrography 

 CT arthrography of the hip is an excellent alternative to MR 
arthrography in patients with presence of loose metallic 
implants, presence of cardiostimulator, or with any other con-
traindications to MRI. CT arthrography can elucidate intra-

articular abnormalities due to leakage of contrast into sites of 
labral, chondral, or ligamentous injury and can demonstrate 
loose bodies. Intra-articular injection before CT arthrography 
is preferably carried out using a combination of iodinated 
contrast with bupivacaine. In case of pain relief after local 
anesthetic application, it can help us to distinguish intra-artic-
ular from extra-articular sources of the hip pain [ 14 ].  

a

c

b

  Fig. 33.5    A 34-year-old athlete with painful hip. ( a ) AP and ( b ) frog-leg lateral view with presence of os acetabuli and signs of mixed type of FAI 
syndrome. ( c ) An anterolateral view of 3D CT highlights os acetabuli and FAI syndrome better       
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33.4     Ultrasound 

 Ultrasound is a complementary diagnostics method to MRI 
in the evaluation of hip pain. Ultrasound is suitable especially 
for the evaluation of snapping hip syndrome and image-
guided intervention [ 15 ,  16 ]. This method has many advan-
tages over other imaging methods: It is noninvasive; it lacks 
ionizing radiation, allows concomitant evaluation of the con-
tralateral hip, allows dynamic examination of the tendons and 
muscles, and can recognize pathologies of the tendons and 
soft tissue; and it is an inexpensive and quickly performed 
method and can be used as a guide for therapeutic injections 
and aspirations [ 17 ]. Ultrasound may provide a useful tool 
for early diagnosis of the cam-type FAI in daily practice [ 18 ]. 

 Ultrasound is an excellent noninvasive tool for the diag-
nosis of different types of snapping hip syndrome in patients 
in case the snapping phenomenon may occur during a move-
ment of the hip in the course of the examination [ 15 ]. 

 Despite these advantages, ultrasound does not provide 
anatomic overview and demonstration of the bony structure, 
articular surfaces, bone marrow, and surrounding soft tissues 
in comparison with MRI [ 19 ]. 

 Ultrasound is well suited for image-guided interventional 
procedures including injection of the joint, tendon sheaths, 
or bursa; drainage of para-articular fl uid collections; and 
treatment of calcifi c tendinosis [ 17 ]. Continuous imaging 
during aspiration or injection helps us to verify a proper posi-
tioning of the needle tip. The problem is the impossibility to 
reevaluate the images of the hip later, and a very experience 
ultrasonographist must be present.  

33.5     Conventional Magnetic Resonance 
Imaging 

 MRI is a secondary diagnostic method of choice in the evalu-
ation of adult painful hip which provides excellent informa-
tion about soft tissue and bone marrow abnormalities which 
are not seen on plain radiograph, CT, ultrasonography, or 
nuclear medicine exams. MRI is effective in demonstrating 
intra-articular and extra-articular pathology. Intra-articular 
disorders that are well demonstrated with MRI include 
osteonecrosis, stress fracture, occult fractures, joint effu-
sions, osteoarthritis, and infl ammatory arthropathies [ 20 - 23 ]. 
Different extra-articular pathologies such as pubic osteitis, 
sacroiliitis, bursitis, myotendinitis, and occult pelvis neo-
plasm may also be well recognized on MRI. In recent years, 
poor success has been demonstrated in the detection of labral 
tears and cartilage lesion on conventional MRI at 1,5 T, but 
this may improve with 3T MRI and with newer imaging 
techniques [ 3 ,  24 ]. Future improvements in MRI technology 
may lead to successful noninvasive evaluation of these struc-
tures. Studies in recent years have shown that 3T MR 
arthrography is much more benefi cial in the detection of 
labral tears in comparison with conventional 3T MRI [ 6 ,  25 ]. 

Although MR arthrography is an excellent positive predictor 
in diagnosing acetabular labral tears and cartilage abnormal-
ities, it still has limited sensitivity. A negative imaging study 
does not exclude the presence of intra-articular pathology 
that can be identifi ed and treated arthroscopically [ 26 ]. 

 Protocols for MRI of the hip vary among institutions and 
with the type of scanner used. The quality of the examination 
depends on the fi eld strength of scanner, coil selection, tech-
nical parameters used, and whether or not dedicated small-
fi eld- of-view images of the hip are acquired. MRI protocols 
are adapted to the clinical presentation. For instance, at our 
institution, the typical exam for an adult with unexplained 
hip pain includes seven sequences and is tailored toward 
evaluating intra-articular and extra-articular pathology. The 
coronal T1-weighted images of both hips reveal anatomy and 
marrow-based pathologies such as occult fractures, tumors, 
or osteonecrosis. The T2-weighted fat-suppressed images of 
both hips demonstrate myotendinous injuries, intra-articular 
or extra-articular fl uid collection such as bursitis and joint 
effusions, depict stress fracture and occult fracture, sub-
chondral cyst, osteonecrosis, and tumor as marrow- based 
changes. For the detection of cartilaginous and labral lesions, 
it is essential to create small-fi eld-of-view high-resolution 
imaging of the affected hip [ 12 ]. The oblique sagittal SPGR 
sequences are used to measure for the cam and pincer FAI 
and to assess for the characteristic osseous bump present 
with the cam FAI.  

33.6     Magnetic Resonance Arthrography 

 Magnetic resonance arthrography (MRA) of the hip is a 
diagnostic method of choice of unexplained adult hip pain in 
the event that we suspect intra-articular pathologies. Several 
reports have documented the success of MRA of the hip in 
detecting cartilage and labral injuries [ 3 ,  5 ,  14 ,  27 ,  28 ]. MRA 
can also depict abnormalities of ligamentum teres and joint 
capsule and demonstrate the presence of loose bodies or pro-
liferative changes of synovitis. In comparison with conven-
tional MR, MR arthrography allows better visualization of 
intra-articular anatomy because the intra-articular applica-
tion of the fl uid displaces the joint capsule from the underly-
ing bone and normal structures. Leakage of contrast into the 
labrum or cartilage is direct evidence of pathology of these 
structures [ 24 ]. MRA of the hip is thus helpful when conven-
tional MR is noncontributory and when there is clinical sus-
picion of labral or other intra-articular pathologies. 

 MRA of the hip involves intra-articular injection of a 
solution of dilute gadolinium (1–2 mmol) under fl uoroscopic 
guidance followed by multiplanar MRI of the hip (Fig.  33.6 ) 
At our institution, gadolinium is diluted approximately 1:200 
with local anesthetic (1 % lidocaine HCl or 0.25 % bupiva-
caine HCl). Immediately after the injection, the patient is 
transferred to the MRI, and MR imaging should be  performed 
within 45 min of the injection.  
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 Concomitant injection of the local anesthetic as a  diluent 
adds the advantage of providing clinical information help-
ful in distinguishing intra-articular from extra-articular 
 pathology. This technique of MRA provides us both ana-
tomic and clinical information and is the preferred technique 
of the author. Symptomatic pain relief after MRA with anes-
thetic injection provides strong clinical evidence of intra-
articular pathology, and MR images obtained can serve as a 
guide for the surgeon [ 29 ]. 

 MRA of the hip at our institution is performed on a 3T 
MR scanner, focusing on the affected hip. For the detection 
of labral pathology, primarily coronal, sagittal, and axial T1 
fat-suppressed images are used (Figs.  33.7 ,  33.8 , and  33.9 ). 
T2 fat-suppressed images help us to identify extra-articular 
soft tissue pathologies such as bursitis or gluteus tendon 
tears and marrow-based fi ndings (marrow edema, subchon-
dral or labral cyst, etc.). Coronal proton density (PD) images 
are able to demonstrate cartilage and labral pathology. For 
measurement of acetabular overcoverage and the alpha angle 
associated with FAI oblique sagittal FSPGR images should 
be performed.       Fig. 33.6    Fluoroscopic guidance of intra-articular injection of a solu-

tion with gadolinium diluted in anesthetic before MR arthrography       

a b

  Fig. 33.7    MR arthrography: Coronal T1-weighted fat-suppressed images of the left hip demonstrate ( a ) chondrolabral lesion and cyst ( yellow 
arrow ) and ( b ) os acetabuli ( red arrow ) in a 24-year-old hand ball player with painful hip       
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33.7     Nuclear Scintigraphy 

 Unlike the increasingly used MRI in recent years, nuclear 
scintigraphy is rarely used in the workup of unexplained pain 
in the native adult hip. The bone scan is the most common 
scintigraphic examination used in the evaluation of different 
skeletal pathologies. Bone scanning with a radionuclide 
shows us bone turnover and may elucidate changes in local 
blood fl ow and can help distinguish monostotic from polyos-
totic disease [ 30 ]. 

 This method is increasingly used to assess for infection 
or loosening in patients with painful hips following arthro-
plasty. Increased activity can normally be seen around the 
hip arthroplasty components for up to 2 years after sur-
gery. Persistent activity near the trochanters or around the 
tip of the femoral component must arouse in us a suspicion 
of  loosening [ 30 ]. Increased intensity around the whole 
 femoral component can indicate infection [ 30 ]. 

 Some authors recommend the use of bone scan to diag-
nose the FAI syndrome of adult hip pain as a secondary 
examination [ 31 ,  32 ].  

33.8     Hip Arthrography, Injection, 
Aspiration, and Bursography 

 Historically, conventional arthrography of the hip in adults 
was used in cases of suspected intra-articular loose bodies, hip 
infection, and synovial disorders and also to evaluate loosen-
ing or infection of a hip arthroplasty [ 33 ]. With the advent and 
development of MRI, most arthrographies of the hip are per-
formed as an MR arthrography. Image guidance for arthrogra-
phy of the hip could be with fl uoroscopy or with sonographic 
guidance. At our institution, we typically use the anterior 
approach, when the needle is inserted into the peripheral com-
partment of the hip under fl uoroscopic control. The position of 
the entry point of the needle on the skin must always be lateral 
to the neurovascular femoral structures in case of the native 
hip. The overlying skin is prepped with Betadine solution, and 
the skin and subcutaneous tissue are anesthetized with 1 % 
lidocaine HCl. In suspicion of infection (septic arthritis or 
infected hip prosthesis), fi rst of all, diagnostic aspiration must 
be done. A small amount (1–2 ml) of iodinated contrast is 
injected to verify an intra- articular position of the needle. 

 Intra-articular diagnostic or therapeutic injection of corti-
costeroid or long-acting anesthetic is typically used to distin-
guish intra-articular from extra-articular source of pain and 
signifi cantly help us to indicate the correct therapy. At our 
institution, we use 80 mg of methylprednisolone acetate 
(Depo-Medrol) and 0.25 % bupivacaine HCl. Aspiration is 
performed fi rst to exclude evidence of infection and to 
remove joint fl uid to allow space for the anesthetic and ste-
roid. If the turbulent fl uid is present, laboratory analysis of 
the fl uid is to be performed, and we should avoid steroid 
application. The patient’s pain level is monitored before and 
after the application of injection, and it is documented. 

 Diagnostic aspirations are preformed in both native hips 
and in patients with hip prosthesis when the suspicion of the 
infection is present. For the native hip, we use the same 
approach which was mentioned above. In cases of hip arthro-
plasty, the entry site is just targeted to the superior margin of 
the femoral neck which allows us better visualization of the 
needle and gives us a higher chance to harvest the joint. 

a

b

  Fig. 33.8    MR arthrography of 36-year-old woman with painful inter-
nal snapping hip syndrome and psoas impingement. ( a ) Coronal 
T1-weighted fat-suppressed image and ( b ) sagittal T1-weighted fat- 
suppressed 3T image reveal anterior labrum degeneration ( yellow and 
red arrows )       
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 Iliopsoas bursography under fl uoroscopic guidance has 
been used for many years for determining the diagnosis of 
iliopsoas snapping hip syndrome [ 34 ]. Due to exposing the 
patient to ionizing radiation and because of the other disad-
vantages of the method, ultrasonography because of its 
advantages has completely replaced this technique. 
Ultrasonography is noninvasive and cheaper, and it allows us 
a dynamic examination of the hip in both the internal and 
external types of snapping hip syndrome [ 35 ]. Sonographic 
guidance also allows direct visualization of the needle tip 
and its position relative to the psoas tendon and bursa wall. 
In our institution, we prefer injection of iliopsoas bursa for 
pain relief in cases of painful bursitis under sonographic con-
trol. We inject methylprednisolone acetate diluted in 20 % 
bupivacaine into the bursa. The same approach on the skin 
for injection is used as was mentioned in arthrography.  

33.9     Summary 

 Imaging methods together with the history and a precise clinical 
examination represent an essential element for a defi nitive diag-
nosis. In unexplained adult hip pain, correctly performed plain 
radiographs should always be the initial imaging exam. Plain 

radiographs of patients in whom we suspect FAI syndrome 
could often demonstrate subtle fi ndings or may even be normal, 
and therefore, we should always compare these fi ndings with 
clinical examination and MRI or MR arthrography. MRI is a 
secondary diagnostic method of choice in the evaluation of 
unexplained adult hip pain. In cases where we suspect lesion of 
labrum or cartilage, MR arthrography is a more sensitive and 
specifi c diagnostic tool compared to conventional MRI. Also on 
suspicion of ligamentum teres injuries and the presence of the 
other intra- articular pathologies, MR arthrography is an excel-
lent diagnostic method. With the introduction of 3T MRI, a par-
ticular diagnosis of cartilage abnormalities associated with FAI 
is becoming increasingly more accurate. Ultrasonography plays 
an important role in therapeutic intervention, and dynamic ultra-
sonography is an excellent diagnostic tool in both types of snap-
ping hip syndrome. The abovementioned diagnostic methods 
help the arthroscopist to choose the right treatment strategy and 
aid in surgical planning.     
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34.1             CAM and PINCER: What Are They? 

 FAI is a pathologic condition due to an abnormal contact 
between the articular rim of the acetabulum and the proxi-
mal femoral portion, at the junction between the neck and 
the head. 

 Specifi c radiologic features and clinical aspects charac-
terize this condition, and although in past times it was con-
sidered as a consequence of the degenerative arthritic process 
of the hip, it is an important and frequent causal predisposi-
tion to arthritis itself [ 1 ]. 

 Nowadays, a correct acknowledgment of this pathologic 
condition enlarges the therapeutic options in favor of a huge 
category of young and active patients, who can therefore 
greatly improve their prognosis “ad valetudinem” and pos-
ticipate an arthritic evolution of the hip. 

 Historically, the fi rst clinical description of an abnormal 
contact between the femur and acetabulum belongs to Smith- 
Petersen in the 1930s; nevertheless, the author who has to be 
considered the real discoverer of FAI is undoubtedly R. Ganz, 
from Switzerland [ 2 ]. He described the peculiarities of this 
pathologic condition in the 1990s, and in 2008 he underlined 
that, in order to prevent hip arthritis, a correct therapeutic 
treatment of FAI has the same importance as a correct treat-
ment of hip dysplasia [ 3 ]. 

 An abnormal morphology of the femoral epiphysis or the 
acetabular cavity, or both of them, causes femoroacetabular 
impingement. CAM-type impingement is correlated to an 
abnormal conformation of the femoral head; PINCER type, 
on the contrary, is caused by an excessive coverage by the 
acetabular cavity toward the femoral head. In most cases, 

anyway, CAM and PINCER are contemporarily present in 
the same hip, creating a mixed FAI. 

 CAM impingement is sustained by an abnormal confor-
mation of the head-neck junction at the proximal femoral 
epiphysis, with a loss of the femoral head sphericity and a 
mechanical limit to the normal range of motion. The loss of 
sphericity of the femoral head is determined by a bony prom-
inence at the head-neck junction; this bony prominence is 
usually called “bump,” and it causes a precocious contact 
between the femur and the acetabular edge (and, of course, 
the acetabular labrum) in the movement of fl exion and inter-
nal rotation [ 4 ,  5 ]. 

 An excess of acetabular surface covering the femoral 
epiphysis causes PINCER impingement. The excessive ace-
tabular coverage can be localized, in case of acetabular retro-
version, or global and generalized, in case of “coxa profunda” 
or “protrusio acetabuli” [ 6 ]. Although this abnormal confor-
mation grants a major area of superfi cial contact between 
femoral head and acetabular cavity, it is easy to understand 
that it leads to a precocious contact between the acetabular 
edge and the femoral neck [ 7 ].  

34.2     CAM and PINCER Physiopathology 

 As previously mentioned, CAM impingement is character-
ized by a loss of the femoral head sphericity, with a bony 
prominence at the head-neck junction which confl icts against 
the acetabular labrum determining a progressive damage of 
the labrum itself and fi nally a detachment of the latter. 

 Moreover, the continuous pressure that the bump has on 
the labrum gradually causes a delamination of the chondral 
acetabular surface, which is just adjacent to the labrum. This 
microtraumatic process is due to a tangential force vector 
created by the bump against the acetabular edge and fi nally 
leads to the formation of an unstable cartilage fl ap and an 
enlarging area of exposed subchondral bone at the peripheral 
board of the acetabulum: this is the beginning of an arthritic 
process in the anterosuperior portion of the hip. 
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 CAM impingement is more frequent in young and 
active men, with clinical appearance usually before 
30 years of age [ 8 ]. 

 The very fi rst symptom is pain, usually located at the 
groin and laterally, in the trochanteric area (C sign: the 
patient indicates the painful area using the fi rst two fi ngers of 
his hand, thus forming a “C” that embraces the area across 
the great trochanter, from anterior to posterior). Pain becomes 
much more continuous and intense as time goes by and is 
higher in case of long sitting position and in the movement of 
fl exion and internal rotation of the hip (the latter consisting 
in the “anterior impingement test”). At the objective exami-
nation, internal rotation is often very poor or completely 
absent, just as the combined movement of fl exion, abduction, 
and external rotation (FAbEr test). At the beginning of the 
symptoms caused by CAM impingement, very often the ace-
tabular cartilage damage, which is peculiar of this pathologic 
condition, is already present, as it is sensibly precocious 
although clinical symptoms may be very occasional [ 9 ]. On 
the contrary, in case of PINCER impingement, the compres-
sion of the acetabular labrum activates the proprioceptive 
fi bers belonging to the labrum itself, so pain precociously 
appears and patients affected by PINCER impingement usu-
ally consult an orthopedic surgeon before a cartilage damage 
has occurred. Obviously, in case of PINCER impingement, 
the acetabular labrum is the very fi rst component to be 
involved in the contact between the femoral neck and promi-
nent acetabular edge, and this contusive trauma leads to 
labrum tear and degeneration. Moreover, PINCER impinge-
ment causes a recoil damage in the posteroinferior portion of 
the acetabulum, because the contact between the prominent 
acetabular edge and the femoral neck acts as a fulcrum that 
shifts the femoral head frontward, till hitting the inferior por-
tion of the cavity: this pathologic mechanism leads to the 
creation of the so-called contrecoup lesion. PINCER 
impingement is more frequent in active women, and symp-
toms usually appear later than in case of CAM impingement, 
at about 40 years of age. Differently from CAM impinge-
ment, the articular movement which mostly evocates pain is 
extension and external rotation of the hip, thus creating the 
“posterior impingement test” [ 3 ,  7 ]. Pain can be localized 
either at the groin, trochanteric area, or, typically in case of 
PINCER-type FAI, gluteal area, specifi cally because of the 
contrecoup lesion previously mentioned above.  

34.3     CAM and PINCER Anatomopathology 

 In order to comprehend correctly and deeply the anatomopa-
thology of FAI, a complete and accurate radiologic evaluation 
is essential [ 10 ]. First of all, it is mandatory to obtain a correct 
AP x-ray evaluation: 120 cm between the origin of the x-ray 
and the patient, whose inferior limbs have to be internally 

rotated for 15°, in order to compensate the physiological 
 femoral neck anteversion. Moreover, an axial projection is 
necessary, for a better evaluation of the anterior edge of the 
head-neck junction. Various radiologic techniques have been 
described to obtain a correct axial view of the hip. One of the 
most effi cient and easily obtainable axial projection is the 
“modifi ed Dunn view,” which is an AP projection to the hip in 
slight abduction (20°) and fl exion (45°); another common 
technique for the axial view is an AP projection in “frog leg 
position” of the patient’s lower limbs [ 11 ]. In the normal hip, 
the anterior edge of the acetabulum remains in a medial posi-
tion in comparison to the posterior edge. On the contrary, in 
case of acetabular retroversion or excessive coverage by the 
acetabular walls toward the femoral head (i.e., in the anatomic 
condition that leads to a PINCER impingement) in AP projec-
tions, the anterior edge of the acetabulum stands in a more 
external position than the posterior edge. Sometimes, a fi gure 
of “8” appears, designed by the lines of the two acetabular 
edges, the anterior and the posterior ones, crossing each other: 
such a radiographic fi nding is called “crossover sign” and is 
pathognomonic of an acetabular retroversion [ 12 ]. In case of 
CAM impingement, the presence of the “bump” at the head-
neck junction appears as a prominence that, in axial x-ray pro-
jections, makes the femoral epiphysis similar to pistol grip. In 
axial projections, furthermore, an easy method to evidence the 
presence of the bump and, consequently, a CAM-type 
impingement is the measurement of the head-neck offset: in 
case of CAM impingement, the presence of the bump causes a 
reduction of the offset (being the imaginary line passing on the 
anterior edge of the femoral neck much closer to the imagi-
nary line passing for the anterior limit of the femoral head than 
it should be in normal cases) [ 13 ]. 

 Even more important is the measurement, again in axial 
x-ray projections, of the alpha angle. The higher this angle 
appears, the bigger is the bump determining the CAM 
impingement. In fact, the alpha angle is formed by two lines: 
one is the femoral neck axis and the other is the radius of the 
ideal circumference of the femoral head at the point where 
the profi le of the femoral head no longer follows the ideal 
circumference, but continues into the neck profi le. Therefore, 
in normal hips the alpha angle is always <50°, while in case 
of CAM impingement, the presence of the bump alters the 
profi le of the neck-head junction, increasing the value of 
alpha angles always >50°, sometimes up to nearly 90° [ 14 ]. 

 MRI gives a great help for the study of the articular anato-
mopathology in case of FAI. This exam has to be performed 
with contrasting solution (gadolinium) directly in the articu-
lation (arthro-MRI), in order to evaluate the condition of the 
acetabular labrum; arthro-MRI proved to be very sensible 
and precise in detecting the status of the labrum and the grav-
ity of its lesions, from the very precocious alterations of its 
structure till the complete detachment from the bony edge of 
the acetabulum [ 15 – 17 ]. 
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 3D CT static reconstructions offer beautiful and intuitive 
imagines of the anatomic structures, but they can offer no 
more information than a well-performed x-ray exam and an 
arthro-MRI. 

 On the opposite, new devices with 3D CT dynamic recon-
struction could actually change the way we have been treat-
ing patients, by identifying areas and degree of hip 
impingement between the pelvis and femur, automating 
measurements, and providing adjustable ROM simulations 
that allow the development of a presurgical resection plan 
based on a patient’s morphology [ 18 ].  

34.4     Surgical Technique 

 Supine position is preferred in our routine. Traction is given 
with a dedicated system to obtain suffi cient space and to per-
form arthroscopy without the risk for the intra-articular 
structures. We routinely use a 20 cm post pad in order to 
minimize risk of pudendal nerve palsy. Time of traction 
should always be no more than 2 h [ 19 ]. 

 Standard anterolateral and mid-anterior portals are usu-
ally suffi cient to perform the entire surgical procedure. We 
always start with a central compartment evaluation, and we 
routinely perform interportal capsulotomy, which allows a 
safer and easier instrument movement around the hip joint. 
Every structure is assessed to look for any pathologic sign, 
and treatment of every possible cause of pain is achieved. 
Diagnostic central compartment arthroscopy is performed 
with a 70° arthroscope to identify any labral or acetabular 
chondral lesions as well as the impingement: in case of a 
labrum tear, we usually reattach it with resorbable suture 
anchors; a debridement is a second choice only in case of 
degenerative lesions. Labral repair with a simple looped 
stitch, labral base stitch, or vertical mattress technique is 
chosen depending on labrum dimensions. It represents an 
evolution for orthopedic sports medicine, and although 
reports of labral debridement have been promising, restoring 
the normal chondrolabral junction with suture anchor repair 
techniques can potentially provide a more viable option for 
the healing potential of the labrum [ 20 – 22 ]. Chondral pathol-
ogies are treated with shaving, microfractures, or biomimetic 
scaffold positioning depending on the age of the patient and 
the size of the defect. 

 When decompression is performed, it is important not to 
neglect fi ndings of impingement, but it is also important not 
to overtreat all abnormal radiographic changes. 

 PINCER-type impingement decompression is achieved 
under fl uoroscopic control: after detaching the labrum from 
the bone with a beaver blade, trimming of the rim with a 
5.5 mm round-tip burr is performed; if a subspine impinge-
ment is present, arthroscopic decompression is achieved 
(Fig.  34.1a, b ). In patients who had showed relief from psoas 

injections, transcapsular evaluation of the iliopsoas tendon is 
executed just before removing the traction. A correlation 
between the psoas tendon and the status of the anterior 
labrum at approximately the 3 o’clock position is performed. 
In case of fraying or an erythematous, contusion-type lesion 
of the labrum, we performed a fractional release of the tendi-
nous portion of the iliopsoas musculotendinous unit with a 
radiofrequency probe. A fractional lengthening of the psoas 
is also performed in case of impingement with the medial 
portion of the acetabular rim.  

 CAM-type impingement treatment is possible without 
traction and a 45° hip fl exion. It is sometimes indicated to 
perform a longitudinal capsulotomy to better reach the 
head- neck junction. The scope is inserted from the antero-
lateral portal, while the instruments (shaver, burr) are 
inserted from the mid-anterior portal, but switching is com-
mon and very useful for a better three-dimensional assess-
ment (Fig.  34.1c, d ). Lateral-based lesions are challenging 
due to the intimate location of the retinacular vessels; thus, 
proper attention should be given to the vascular anatomy. 
Osteochondroplasty should include all pathologically 
appearing cartilage, but shall not go higher or more proxi-
mally to the epiphyseal scar, which can be confi rmed fl uo-
roscopically. It is also fundamental to perform a dynamic 
evaluation to ensure an adequate decompression, and this 
should be the last gesture before arthroscopy can be consid-
ered completed.  

34.5     Technical Notes 

 Consider preoperative planning to evaluate the amount of acetabular 
trimming and femoroplasty (3D CT dynamic reconstruction) 
    Careful attention in portal placement when entry into the joint 
(labrum penetration, femoral head scuffi ng) 
 If rim trimming is not appreciated on intraoperative fl uoroscopic 
imaging, direct arthroscopic visualization, dynamic testing, and 
preoperative x-rays should guide further resection 
 Divergent suture anchor placement orientation is recommended to 
prevent screw penetration of the acetabulum 
 “T” capsulotomy is useful in case of a wide femoral bump 
 Address lateral retinacular vessels before starting femoral 
decompression 
 Fluoroscopy and dynamic evaluation are mandatory to confi rm the 
amount of bone resection 

34.6        Rehabilitation 

 After hip arthroscopy, athletes wish to return to a fully active 
lifestyle and to practice their preferred sport as soon as pos-
sible. Currently, the best evidence for postoperative rehabili-
tation is based upon few scientifi c production; thus, 
communication with the specialist is vital to the treating 
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physical therapist in order to give an individualized and 
evaluation- based program [ 23 ,  24 ]. 

 Before starting rehabilitation, it is fundamental to know 
the exact procedure and operative fi ndings, to plan a truly 
customized rehabilitation program both for simple and com-
plex procedures (Table  34.1 , Fig.  34.2 ).

    Rehabilitation can be divided into four phases. The 
 timeline for each phase is based on clinical fi ndings. If clini-
cal presentation meets the established criteria, the athlete 
may move to the next phase. Progression in terms of the type 
and intensity of the workout should be function based, not 
time based (Table  34.2 ).

   Table 34.1    Classifi cation based on the complexity of the surgical  
procedure   

 Simple  Diagnostic 
 Removal loose body 
 Labral debridement 
 Ligamentum teres debridement 

 Intermediate  CAM decompression 
 Iliotibial band release 
 Iliopsoas release 

 Complex  Acetabular rim trimming + labral repair + CAM 
decompression 
 Microfracture 

 Very complex  Acetabular rim trimming + labral repair + CAM 
decompression + capsular plication 

  Fig. 34.1    PINCER fl uoroscopy image ( a ), before and after rim trimming ( b ). Intraoperative fl uoroscopic check before ( c ) and after femoroplasty 
( d ), confi rming complete CAM resection       
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   It would be helpful to see the player preoperatively to pre-
pare the affected joint and explain process and timescales 

involved. It should also be mandatory to give written reha-
bilitation indications at discharge. 

 Time recovery for a full activity is usually 4 months, but 
it may last longer depending on operative fi ndings or pro-
longed rehabilitation. 

 It is fundamental not to force recovery [ 25 ]. Possible risks 
of a premature return to sports activity are:
•    Persistent pain  
•   Prolonged rehabilitation time  
•   Low performance  
•   Reinjury (new labral tear, articular cartilage lesion)  
•   New injuries     

  Fig. 34.2    Arthroscopic CAM image before ( a ) and after femoroplasty ( b ). Acetabuloplasty ( c ) and labrum refi xation after rim trimming ( d )       

   Table 34.2    Schedule of the rehabilitation program   

 Phase I  Start mobilization and isometric exercises; avoid 
swelling 

 Phase II  Continue recovery of range of motion and isometric 
exercises 

 Phase III  Recovery of full strength 
 Phase IV  Recovery of balance and neuromuscular control 
 Phase V  Functional recovery and return to sport 
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34.7     Outcome and Return to Play 

 Several published articles have been written on athletic 
patient population after hip arthroscopy. 

 Results of this studies show that athletes with FAI 
can return to high-level competitive sport following this 
procedure. 

 Philippon has published a cohort study of 28 profes-
sional hockey players who underwent hip arthroscopy for 
FAI. The return to sport was 3.8 months (range, 1–5 months) 
with MHHS of 95 at follow-up. Patients with symptoms 
lasting less than 1 year returned to sport at 3 months, but 
patients who delayed surgery over 1 year returned to sport at 
4.1 months [ 26 ]. 

 Brunner et al. in 2009 reported that values return to full 
sporting activity in 68.8 % of cases [ 27 ]. 

 Byrd in 2009 reported its results with a mean follow-up of 
27 months. In 90 % of professional and 85 % of college ath-
letes, there was a return to full sports activity [ 28 ]. 

 Another study by Nho et al. estimated the return to sport 
in patients undergoing hip arthroscopy up to 83 % [ 29 ]. 

 A recent systematic review showed a high rate of return to 
pre-injury activity level in athletes treated for FAI. Results 
achieved a 92 % rate return to activity, observed in athletic 
populations across a variety of sports, with 88 % of athletes 
returning to pre-injury activity levels of participation [ 30 ]. 

 Arthroscopic management among athletes is very favor-
able, but often performed when an important damage has 
occurred. Substantial secondary damage is frequently present 
that cannot be completely reversed. In fact FAI is very often 
not recognized, leading to a delay for a precise diagnosis. 
Early recognition and treatment have been demonstrated to 
have a tremendous impact on outcome; Philippon has showed 
that patients with symptoms lasting less than 1 year returned 
to sport at 3 months, but patients who delayed surgery over 
1 year returned to sport at 4.1 months. Because early treat-
ment is the only change for full recovery, athletes that decide 
to delay treatment should be aware of the risk [ 31 ]. 

 Rehabilitation after hip arthroscopy is long and has its 
own peculiarity; thus, it is fundamental to follow the patient 
during the entire post-op protocol. Data suggest that profes-
sional athletes may show quicker return to sports than recre-
ational athletes, but the hip scores and rate of return seem to 
be analogous. Villar recently published his result showing a 
quicker recovery in pros, with no statistical difference when 
comparing the overall return both in recreational and profes-
sional athletes [ 32 ]. 

 In conclusion, hip arthroscopy is becoming the fi rst choice 
for FAI treatment. Athletes have interest in early recovery 
and prompt return to play, and the less-invasive arthroscopic 
approaches are able to reach the desire for physical activity 
with good clinical outcomes and high satisfaction rate.     
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35.1            Introduction and Etiology 

 Although several indications currently exist for arthroscopic 
evaluation of the hip, the most common indication remains 
tears and pathology involving the acetabular labrum. Byrd 
began to publish on labral tears as a source of pain in 1996 
[ 1 ]; however, Ganz was the fi rst to coin the term “femoroac-
etabular impingement” (FAI) as the main underlying cause 
of labral pathology [ 2 ]. It is paramount to understand that the 
majority of labral pathology occurs as a secondary phenom-
enon [ 3 ]. Labral tears can be a source of debilitating hip pain 
for athletes and can result in a signifi cant decline in athletic 
performance. As such, understanding the etiology, diagnosis, 
and management of hip labral pathology is essential for any 
sports medicine physician. 

 The etiology of labral tears can either be traumatic or 
atraumatic in origin. Traumatic labral tears occur much less 
frequently than atraumatic tears. These tears, however, rarely 
occur without any underlying morphological abnormality of 
the hip. With traumatic tears, athletes will be able to recall a 
single event that triggered the onset of their pain. Traumatic 
tears can occur secondary to a subluxation-relocation event 
and a frank hip dislocation or from a tackle or fall with the hip 
in a position of extreme motion. With the hip in a position of 
fl exion, adduction, and internal rotation, a posteriorly directed 
force can produce shearing of the posterior labrum resulting 
in a traumatic posterior labral tear. With the hip in a position 
of extension, abduction, and external rotation, a traumatic 
anterior labral tear can result. In the setting of a frank hip 

dislocation, intra-articular pathology is to be expected. 
Philippon performed arthroscopic evaluation of the hip in 14 
professional athletes following a traumatic hip dislocation 
event, and all 14 had labral tears and chondral defects, and 11 
of the 14 patients had tears of the ligamentum teres [ 4 ]. 

 Atraumatic labral tears comprise the majority of labral 
tears. These occur secondary to some underlying phenom-
enon and are usually reported as a slow, gradual onset of 
hip pain, with a steady decline in athletic performance. 
Atraumatic labral tears can occur from acetabular defi ciency 
(dysplasia), acetabular over-coverage or retroversion (pincer 
impingement), acetabular extra-articular impingement (sub-
spine impingement) [ 5 ], loss of femoral head-neck offset 
(cam impingement), femoral retroversion [ 6 ], and, in some 
cases, possibly iliopsoas impingement [ 7 ]. Often multiple 
abnormalities lead to labral tearing, and failure to recognize 
the various contributing factors will compromise the results 
of any treatment strategy, both operative and nonoperative. 

 Acetabular dysplasia results from a poorly formed and 
underdeveloped acetabular socket. Radiographically, this is 
best characterized by a hip with a lateral center-edge angle 
(CEA) of Wiberg of less than 25° [ 8 ], an anterior center-edge 
angle of Lequesne of less than 25° [ 9 ], a hip migration index 
of Reimer of greater than 15–20 % [ 10 ], and a McKibbin 
index of greater than 50 [ 11 ]. The femoral neck will often 
show increased valgus. The loss of normal acetabular cover-
age, combined with increased femoral valgus, results in both 
static and dynamic overload of the anterosuperior and lateral 
labrum. Athletes involved in sports which require extremes 
of hip motion (i.e., gymnastics) may oftentimes have accom-
panying acetabular dysplasia. Recognition of hip dysplasia is 
important because isolated arthroscopic labral refi xation is 
unlikely to result in a satisfactory outcome. Oftentimes, 
these athletes will require a periacetabular osteotomy, a fem-
oral derotational osteotomy, or both in combination with 
either an open or arthroscopic labral refi xation. 

 Labral tearing is mostly commonly associated with femoro-
acetabular impingement. This can occur from isolated acetabu-
lar impingement (pincer), isolated femoral impingement (cam), 
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or most commonly from combined cam and  pincer  impingement. 
Pincer impingement results from acetabular over-coverage 
which is defi ned as a lateral CEA greater than 40°, acetabular 
retroversion causing anterior impingement, or acetabular ante-
version causing posterior impingement [ 12 ]. Cam impingement 
results from a loss of femoral head-neck offset as the large fem-
oral head tapers in a narrower femoral neck. Because of the ball 
and socket nature of the hip joint, subtle joint incongruities 
between the proximal femur and acetabulum are poorly toler-
ated. As such, even a slight loss in femoral head-neck offset can 
result in cam impingement. Femoral version also plays a very 
important role in the magnitude of cam impingement [ 6 ]. 
Specifi cally, femoral retroversion increases the likelihood of 
cam impingement occurring, as the femoral neck is more 
exposed due to the retroverted nature of proximal femur. For 
example, a small loss of head-neck offset in a patient with a 
retroverted acetabulum will result in earlier engagement of the 
cam lesion in hip fl exion and internal rotation, whereas that 
same lesion may be asymptomatic in a patient with a normal 
amount of femoral version, approximately 5–15° [ 6 ,  12 ,  13 ].  

35.2     Clinical and Diagnostic Examination 

 The evaluation of the athlete with hip pain starts with a thor-
ough history. Specifi cally, pain onset, duration, intensity, incit-
ing events, alleviating factors, injection history, physical 
therapy protocols, prior operative treatments, as well as any 
imaging studies that have been performed should be discussed 
in great detail. If the pain started with a single event during 
sporting activity, oftentimes the event was video recorded, and 
the athlete should be asked to provide that as well. The team 
trainer is often an excellent source of information as trainers 
are the fi rst line of treatment for most athletes. 

 The location of the pain will guide the physician as to the 
true pain generator. Oftentimes, the athlete will have devel-
oped compensatory pain due to attempts to play through the 
pain. Labral pathology will often present with groin-based 
pain that can radiate posteriorly into the buttocks as a result 
of the circumferential capsular infl ammation and irritation 
that occur secondary to labral pathology. The author has 
described the “C-sign” which is often used by patients to 
describe the deep groin pain they are experiencing as a result 
of labral pathology (Fig.  35.1 ). Trochanteric-based pain is 
very common in athletes in the setting of labral pathology. 
Oftentimes, athletes will be told that they are experiencing 
trochanteric bursitis. It is the authors’ experience that tro-
chanteric bursitis is very rare in the young athletic popula-
tion and that its existence should heighten the physician’s 
suspicion that there exists a deeper underlying problem. 
Trochanteric-based pain usually represents a true gluteus 
medius and minimus tendinitis that has secondarily devel-
oped in an attempt to stabilize the hip. In the setting of labral 

pathology, hip microinstability has been postulated but, at 
the very least, the abductors are working hard to splint the 
hip, leading to abductor tendinitis. Internal snapping due to 
“popping” of the iliopsoas tendon may be present as a coin-
cidental fi nding. Infl ammation may accompany joint 
 pathology, and the popping may become painful. Mechanical 
symptoms often accompany labral tears, occasionally to the 
point of creating intra-articular popping.  

a

b

  Fig. 35.1    ( a ,  b ) The C-sign. This term refl ects the shape of the hand 
when a patient describes deep interior hip pain. The hand is cupped 
above the greater trochanter with the thumb posterior and the fi ngers 
gripping deep into the anterior groin (Reprinted with permission J. W. 
Thomas Byrd, MD)       
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 Special attention should be paid to abdominal-based pain, 
as athletic pubalgia (AP) can often be present in the setting 
of hip pathology. Hammoud has shown that athletes with 
symptomatic FAI also have a high incidence of AP with 
32 % of the patients in their series having undergone surgical 
treatment for both FAI and athletic pubalgia [ 14 ]. Patients 
with AP will often complain of pain near the pubic tubercle 
at the insertion of the conjoint tendon of the rectus abdomi-
nis musculature. Pain may also be present in the groin along 
the course of the adductor musculature, making an accurate 
distinction between the true causes of groin pain even more 
diffi cult. Patients with AP will often complain of pain with 
sudden activities such as sneezing, coughing, sprinting, kick-
ing, and sit-ups, but rarely have pain at rest [ 15 ,  16 ]. 

 Physical examination of the hip starts with an evaluation 
of the patient’s gait pattern. Specifi cally, patients may often-
times present with an antalgic gait pattern secondary to the 
infl ammation and pain they are experiencing in their hip. 
With an antalgic gait pattern, the stance phase of gait is 
abnormally shortened relative to the swing phase. A 
Trendelenburg gait may also be present as a result of abduc-
tor weakness. During the stance phase, normal abductor 
strength is necessary to maintain a level pelvis. To compen-
sate, the trunk lurches to the weakened side, reducing the 
forces required of the abductors. 

 The patient is then laid supine on the exam table in a pair 
of shorts, with their shoes and socks off. Leg lengths should 
also be measured from the anterior superior iliac spine down 
to the medial malleolus. Leg length discrepancies are not 
uncommon and can result in an altered gait pattern. The rest-
ing position of the feet can provide clues to the capsular status 
of the hip joint. Patients with hip pathology may develop a 
contracted hip capsule due to synovial infl ammation or cap-
sular laxity due to labral tearing and the loss of the suction- 
seal effect of the labrum which results in repeated capsular 
overload and stretching [ 17 ,  18 ]. This is best appreciated by 
comparing the resting position of the foot in the affected limb 
versus that of the unaffected limb. In the setting of a con-
tracted hip capsule, the foot will sit internally rotated com-
pared to the contralateral side. In a hip with capsular laxity, 
the opposite holds true as the foot sits externally rotated com-
pared to the contralateral unaffected limb. The dial test can 
also be used to assess capsular laxity. This test is performed 
with the patient lying supine on the examination table with 
the limb in the neutral position. The limb is then internally 
rotated and then released, allowing passive external rotation. 
A positive test occurs when the patient’s limb passively exter-
nally rotates beyond 45° and lacks a solid end point [ 19 ]. 

 Range of motion testing is then performed with the patient 
in the supine position. Flexion, extension, abduction, adduc-
tion, internal rotation, and external rotation are all assessed. 
It is important, especially when testing hip fl exion, to place a 
hand on the anterior superior iliac spine to allow the  examiner 

to detect pelvic rotation when assessing range of motion. 
Once the pelvis starts to rotate or lift off the table, true iso-
lated hip motion has ceased. This is the equivalent of assess-
ing true glenohumeral motion in the shoulder by eliminating 
scapulothoracic motion. To determine true hip joint motion, 
compensatory pelvic motion must be eliminated to obtain an 
accurate measure. In the setting of FAI, hip fl exion and inter-
nal rotation are often decreased due to a mechanical block to 
motion. A global loss of motion is not uncommon due to the 
synovial hypertrophy and infl ammation that result from 
labral pathology and the impingement-mediated process. 
Excessive joint mobility and motion is often present in 
patients with hip dysplasia, as the normal bony constraints 
are no longer present, allowing for supraphysiologic motion 
to occur. Patients without dysplasia may develop capsular 
laxity as a result of the loss of the normal stabilizing suction- 
seal effect of the labrum. This results in capsular overload 
and eventual capsular stretching with plastic deformation. 
This most commonly involves the anterior capsular and ilio-
femoral ligament, resulting in an increase in hip extension 
and external rotation. Femoral version can be predicted from 
the sum total of internal and external range of motion. 
Increased internal rotation with a loss of external rotation is 
seen with increased femoral anteversion. Loss of internal 
rotation with an increase of external rotation is seen with 
femoral retroversion. One special note about adhesive capsu-
litis, occasionally encountered in middle-aged females: a 
characteristic feature is disproportionate painful restriction 
of external rotation compared to internal rotation [ 20 ]. 

 Several examination maneuvers exist to detect labral 
pathology. The log roll test is simply a passive internal and 
external rotation test of the hip with the patient in the rest-
ing supine position, and a positive test is specifi c for intra- 
articular irritation of the hip joint. The fl exion, adduction, 
internal rotation (FADDIR) test engages the femoral neck 
against the anterior rim of the acetabulum and recreates 
labral impingement [ 21 ]. With the patient in the supine 
position, the hip is maximally fl exed, internally rotated, 
and adducted. Recreation of groin-based pain is considered 
a positive test for labral pathology. The fl exion, abduction, 
external rotation (FABER) test is used to detect lateral labral 
pathology and also to stress the anterior capsulolabral com-
plex. With the patient supine, the hip is brought into 90° of 
fl exion, abduction, and external rotation so that the foot sits 
on the contralateral knee. The height of the knee from the 
examination table is then measured and compared to the con-
tralateral side. This provides some insight into the integrity 
of the iliofemoral ligament and anterior capsular structures. 
This also provides the maximum amount of stress to the 
 lateral labrum and can help detect labral pathology [ 22 ]. The 
Stinchfi eld test is used to detect iliopsoas irritation and possi-
ble iliopsoas impingement against the labrum [ 23 ]. With the 
patient lying supine, a straight leg raise is actively  performed 
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to 45°, at which time active downward pressure is applied 
to the thigh, isolating the iliopsoas complex. Recreation 
of pain or weakness indicates a positive test. The posterior 
rim impingement test is performed by bringing the leg into 
extension and external rotation, allowing for engagement of 
the femoral neck against the posterior acetabular rim. This is 
often performed by bringing the patient’s leg off the end or 
side of the table to allow for full hip extension to occur. 

 With the patient in the lateral position, the palpation of 
the trochanteric facets can be performed [ 24 ]. This allows 
for the detection of possible abductor pathology which, in 
the setting of labral pathology, is often a true gluteus medius 
or minimus tendinitis. Passive adduction tests are also per-
formed in the lateral position to detect tightness of the ilio-
tibial band, gluteus medius, and gluteus maximus. Each test 
is performed by allowing passive adduction of the limb. With 
the knee in full extension, contracture of the iliotibial band 
can be detected. With the knee fl exed to 90°, contracture of 
the gluteus medius can be detected. With the knee in full 
extension and the hip forward fl exed, gluteus maximus con-
tracture can be detected [ 23 ]. 

 Diagnostic studies to diagnose labral pathology include 
plain radiographs and MRI. Plain radiographs should always 
include a well-entered AP pelvis [ 25 ] and, variably, a frog 
lateral [ 26 ], a cross-table lateral, and a false-profi le view 
[ 27 ]. An appropriate AP pelvis x-ray is indicated by the coc-
cyx being centered over the pubic symphysis, with the tip of 
the coccyx 1–2 cm from the pubic symphysis [ 28 ]. This 
allows for standardization and correction of pelvic tilt and 
inclination which can alter the acetabular orientation and 
version [ 29 ]. The lateral center-edge angle of Wiberg, the 
Tonnis angle, and the acetabular version are measured from 
the AP pelvis radiograph. A crossover sign is indicative of 
acetabular retroversion and indicates possible pincer 
impingement. A normal lateral center-edge angle is between 
25° and 40°, with less than 25° representing dysplasia and 
greater than 40° representing acetabular over-coverage [ 12 ]. 
The cross-table lateral and frog radiographs allow for evalu-
ation of the head-neck offset and measurement of the alpha 
angle to determine if cam impingement exists. Normal head-
neck offset measures approximately 10 mm, with anything 
less suggesting cam impingement [ 30 ]. A normal alpha angle 
measures approximately 50° or less, and anything greater 
than that may indicate cam impingement [ 31 ]. The false-
profi le view allows for assessment of the anterior center- 
edge angle and gives an assessment of anterior acetabular 
coverage. It also allows for visualization of the anterior- 
inferior iliac spine morphology, as this may serve as a source 
of extra-articular impingement [ 5 ,  32 ]. Lastly, in cases of 
suspected degenerative disease, the false profi le can be very 
helpful to detect anterior or posterior joint space narrowing 
that may be missed in an AP projection. 

 If labral pathology is suspected, conventional magnetic 
resonance imaging (MRI) or MRI combined with arthrogra-

phy (MRA) may be useful. Both demonstrate greater sensi-
tivity at detecting labral lesions than accompanying articular 
damage [ 33 ]. MRA reports better sensitivity, but eliminates 
the ability to assess for the presence of an effusion and may 
obscure subchondral or soft tissue edema [ 34 ,  35 ]. A nega-
tive study should not preclude consideration of arthroscopic 
treatment and evaluation when there is a high clinical sus-
picion of a labral lesion, as even MRA has a poor negative- 
predictive value and cannot be used to rule out a labral lesion 
[ 34 ,  36 ]. X-rays are used as more of a screening tool, but 
once the diagnosis of FAI with labral pathology has been 
established and arthroscopy has been proposed, then a CT 
scan with 3D reconstructions can be very helpful in plan-
ning the surgical correction. This allows for a more accu-
rate assessment of the osseous anatomy of the hip [ 37 ,  38 ]. 
Axial cuts through the distal femoral condyles are made to 
allow for accurate measurement of the overall femoral ver-
sion, which is a vital piece of information needed for appro-
priate surgical treatment. The 3D reconstructions also allow 
for identifi cation of cam lesions that may be missed on the 
multiple planes of the CT scan, as oftentimes the cam can be 
subtle and missed with standard CT-scan cuts. The 3D recon-
structed views provide excellent visualization and detail of 
the AIIS. Overall, the 3D-reconstructed CT scan is the most 
vital imaging study used in formulating an arthroscopic plan, 
as it allows for an accurate identifi cation of impingement 
lesions, bony resection planes, and age in overall capsular 
and soft tissue management intraoperatively.  

35.3     Treatment Strategy 

 Treatment of acetabular labral tears normally starts with an 
effort to identify and modulate offending activities and may 
include a course of nonoperative trial of physical therapy, 
anti-infl ammatory medications, and, oftentimes, an injec-
tion into the femoroacetabular joint. Joint injections are 
done using ultrasound guidance in the offi ce but can also 
be done using fl uoroscopic guidance [ 39 ]. Physical therapy 
should focus on core-muscle strengthening, correction of 
abnormal muscle fi ring patterns, and abductor strengthening 
to provide stability to the hip joint in cases of capsular lax-
ity. Oftentimes, athletes will elect nonoperative treatment in 
an attempt to “play out their season” and elect for operative 
treatment in the off-season. 

 Operative treatment consists of arthroscopic or open cor-
rection of the impingement process with labral refi xation or 
reconstruction. Several studies have shown that the results 
of labral repair are superior to simple labral debridement 
[ 40 – 42 ]. In the event that labral repair is not viable, labral 
reconstruction has been proposed. Currently,  reconstruction 
is most clearly indicated for symptoms associated with a 
defi cient labrum, often associated with previous surgical 
debridement [ 43 ]. Keep in mind that there may often be 
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multiple pain generators, and it can be diffi cult to ascribe 
symptoms solely to a labral defi ciency. Although there were 
limitations of their methodology, Matsuda and Domb have 
reported results of labral reconstruction similar to those 
of labral repair and outperforming those of simple labral 
debridement [ 44 ,  45 ]. Open treatment consists of surgical 
dislocation of the hip, which was developed by Ganz and has 
been used by others to address labral pathology [ 42 ,  46 – 49 ]. 
Our current preferred method is to address labral pathology 
utilizing arthroscopic treatment in an outpatient setting with 
the patient in the supine position [ 50 ,  51 ]. 

35.3.1     Labral Debridement 

 Labrectomy is infrequently necessary. Even comminuted 
and degenerative tears can demonstrate successful outcomes 
with restoration. However, occasionally, simple debridement 
may be deemed the best option for some patients: elderly 
patients, patients with limited capacity to comply with neces-
sary postoperative precautions, and some tears with limited 
healing capacity. Debridement alone does not necessarily 
result in uniformly poor results [ 52 ]. However, debridement 
must be carried out in a thoughtful fashion, as there is com-
pelling evidence that excessive labral removal can result in 
accelerated degenerative changes [ 42 ]. The goal of labral 
debridement is to remove the damaged tissue, preserve as 
much healthy labrum as possible, and create a stable transi-
tion zone, lessening the likelihood of persistent symptoms or 
propagating further tearing (Fig.  35.2 ) [ 53 ].   

35.3.2     Surgical Technique for Arthroscopic 
Repair/Refi xation 

 The majority of labral tears are amenable to restoration and 
preservation. Mostly commonly, labral tears requiring treat-
ment are seen in conjunction with pincer impingement and 
require concomitant acetabuloplasty. Thus, the labrum is 
mobilized as necessary with sharp dissection, shavers, and 
radio-frequency devices to expose the pincer lesion that must 
be resected. If the chondrolabral junction is intact, it is pref-
erable to preserve its integrity, but adequate mobilization for 
proper correction of the pincer lesion takes precedent over 
the goal of preserving the chondrolabral junction. 

 Most labral tears begin anteriorly and extend laterally. 
Thus, most of the work is done with the arthroscope in the 
anterolateral position as a viewing portal and the anterior 
position as the working portal with a large-diameter dispos-
able cannula (Fig.  35.3 ) [ 51 ,  53 ]. The anchors are placed on 
the capsular side of the labrum as close as possible to the 
articular rim but always being careful to avoid perforating 
the articular surface. If the anchors are placed too far away 
from the rim, it does not restore the labral anatomy, and it 

is unlikely that it is restoring its function. The anchors are 
placed and tied starting from medial to lateral.  

 Most anchors are placed from a percutaneous distally 
based site which easily allows placement from the 3 o’clock 
position anteriorly to well posterior to the 12 o’clock posi-
tion laterally on a right hip [ 54 ]. Occasionally, a far medial 
anchor is placed from the anterior portal, giving a better 
direction to avoid the anchor perforating the medial pelvic 
cortex, possibly irritating the iliopsoas tendon. 

 When drilling, the articular surface of the acetabulum is 
carefully observed. Any signs of articular motion with the 
drilling process indicate that it could be violating the sub-
chondral surface and necessitates redrilling further away. 
Anchors are spaced at 8–10 mm intervals for adequate secu-
rity of the restored labrum. 

 Less commonly, for tears extending well posterior to the 
12 o’clock position, the arthroscope can be switched to the 
anterior portal, and the anchors can be placed from 
the anterolateral portal. In this position, fl uoroscopy helps to 
assure that, with drilling, there is adequate diversion from the 
articular surface. Fluoroscopy does not help for anteriorly 
based anchors because the direction of placement is more in 
the plane of the x-ray beam (Fig.  35.4 ).  

 Anchor placement is consistent from one case to the next, 
but suture management is variable and dictated by the size, 
morphology, and pattern of labral tearing. If the chondro-
labral junction is intact, a simple suture can be used through 
the lateral margin of the labrum, rolling it up against the rim 
and recreating the labral structure (Fig.  35.5 ). For a large 
labrum, or one in which the chondrolabral junction has been 
disrupted, a modifi ed single-limb mattress suture creating a 
labral base fi xation can restore the chondrolabral junction 
and the normal anatomy of the labrum (Fig.  35.6 ) [ 55 ]. For a 
small labrum, or one in which the quality of the labral tissue 
is poor, a simple loop suture may be necessary in order to 
restore adequate labral tissue to the acetabular rim (Fig.  35.7 ).     

35.3.3    Primary Labral Repair 

 Occasionally, a labral tear may be present without accompa-
nying pincer impingement [ 56 ]. In this circumstance, no for-
mal takedown of the labrum to correct the pincer lesion is 
necessary. It is just a matter of repairing the torn labrum. In 
this circumstance, a primary repair is often performed plac-
ing the anchor against the rim on the articular side of the 
labrum. The rim must still be fi rst freshened with a burr or 
bonecutter blade, preparing a raw bony surface to potentiate 
healing. Both limbs of the suture can be passed through the 
labrum in a mattress fashion, keeping the knot on the capsu-
lar side and avoiding suture interposed between the labrum 
and the articular surface of the femoral head (Fig.  35.8 ). If 
the labrum is hypoplastic or the quality of the labral tissue 
marginal, a simple loop suture may still be necessary to fi x 
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  Fig. 35.2    Arthroscopic view of a right hip from the anterior portal. ( a ) 
A fragmented labral tear with degeneration within its substance is iden-
tifi ed. ( b ) Debridement is initiated with the power shaver. ( c ) A portion 
of the comminuted labral tear is conservatively stabilized with a radio- 

frequency probe. ( d ) The damaged portion has been removed, preserv-
ing the healthy substance of the labrum (Reprinted with permission 
J. W. Thomas Byrd, MD)       

the tissue (Fig.  35.9 ). A quest must always be made to try to 
ascertain and address the etiology of the labral tear.    

35.3.4     Traumatic Posterior Bankart- Type 
Labral Tear 

 Posterior labral detachment may be associated with recurrent 
instability caused by traumatic posterior subluxation or dis-
location [ 57 ]. These posterior labral tears are usually ame-
nable to repair from the posterolateral portal. The portal 
position is well suited for anchor placement in the posterior 
rim, and simple loop sutures can restore the posterior labrum 
to the rim (Fig.  35.10 ). Sports-related traumatic posterior 

instability is often associated with underlying FAI that 
 creates a fulcrum, predisposing the joint to posterior sublux-
ation [ 58 ]. When evidence of damage due to FAI is also pres-
ent, it may need to be corrected in the same setting.    

35.4     Rehabilitation and Return to Play 

 Postoperatively, patients follow a specifi c rehabilitation pro-
tocol that maximizes joint mobilization and functional 
recovery while minimizing labral stress to allow for appro-
priate healing [ 59 ]. Philippon has shown that labral healing 
to the acetabular bone takes approximately 12 weeks [ 60 ]. 
Thus, any exercises that excessively stress that labrum should 
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be avoided for the fi rst 3 months postoperatively. Generally, 
patients are kept 50 % partial weight bearing for 4 weeks. 
During this period, external rotation and extremes of fl exion 
are avoided to protect the labral repair. If a capsular closure 
is performed, extension beyond neutral is also avoided. In 
cases of microfracture, strict protected weight bearing is 
maintained for 8 weeks. Oscillatory joint mobilizations are 
combined with longitudinal traction to minimize labral stress 
and prevent joint adhesions. The gluteus medius muscle 
almost always experiences early postoperative inhibition as a 
result of the muscle penetration from portal placement. It is 
imperative to establish early return of abductor muscle func-
tion and normal fi ring patterns to allow for joint stabilization 
and restoration of a normal gait pattern. At approximately 
6 weeks post-op, therapy begins to focus more on core 
strengthening, regaining proprioceptive control, and to prog-

ress range of motion and strengthening. By approximately 
12 weeks post-op, the labrum should be healed, and sports- 
specifi c training and advanced plyometrics are begun. 
Aggressive aquatic training is begun as well. Ultimately, the 
decision to return an athlete is case dependent, but in general 
athletes must have full painless hip motion, hip strength 

a

b

  Fig. 35.3    ( a ) For this right hip, three standard portals are utilized for 
routine arthroscopy, including the anterior ( A ), anterolateral ( AL ), and 
posterolateral ( PL ). A large-diameter disposable cannula has been 
placed anteriorly for suture management. The anchor delivery system 
( arrow ) has been placed distally midway between the anterior and 
anterolateral portals. ( b ) Schematic illustrates the drill sleeve placed 
against the acetabular rim (Reprinted with permission J. W. Thomas 
Byrd, MD)       

a
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  Fig. 35.4    ( a ) Fluoroscopic image of a right hip as drilling is performed 
for an anteriorly based anchor. Since the direction of placement is partly 
in the plane of the image, it is not helpful for assuring proper placement. 
( b ) AP fl uoroscopic image of a right hip with the anchor drill hole being 
placed laterally. Since this is perpendicular to the x-ray beam, the image 
is helpful in assuring that the anchor will diverge from the articular 
surface (Reprinted with permission J. W. Thomas Byrd, MD)       
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  Fig. 35.5    Arthroscopic view of a right hip. Acetabuloplasty has been 
completed, and the anchor has been seated in the anterior acetabulum. 
The chondrolabral junction is preserved. ( a ) A soft tissue-penetrating 
device is used to push the suture limb through the labrum. ( b ) As an 
alternative method, a suture-passing device is placed to introduce a 

monofi lament suture. ( c ) The braided anchor suture is then shuttled 
through the labrum, secured to the monofi lament with a single half-
hitch. ( d ) Three anchors have been placed with sutures tied, reapproxi-
mating the labrum to the rim of the acetabulum (Reprinted with 
permission J. W. Thomas Byrd, MD)       

equal to the contralateral side, and the ability to perform 
sports-specifi c drills at full speed without pain. However, a 
complete guide to rehabilitation and return to play criteria is 
beyond the scope of this chapter. For the rare posterior labral 

repair associated with traumatic instability, a hip spica brace 
limiting fl exion is used for 6 weeks with posteriorly directed 
forces avoided for 12 weeks.     
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  Fig. 35.6    Arthroscopic view of a right hip from the anterolateral por-
tal. ( a ) The labrum is robust with disruption of the chondrolabral junc-
tion. ( b ) Viewing peripheral to the labrum, the acetabuloplasty ( asterisk ) 
has been completed. ( c ) A suture anchor has been seated in the bony 
rim, and one limb of the suture is grasped with a soft tissue-penetrating 
device. ( d ) With the penetrator, the suture has been passed into the joint 
at the chondrolabral junction. ( e ) The penetrator has been repositioned 

through the midsubstance of the labrum, preparing to grasp the suture 
limb. ( f ) The suture has been grasped and is withdrawn back out to the 
capsular rim. ( g ) Three anchors have been placed with sutures tied, 
restoring the labrum and the chondrolabral junction. ( h ) Labral restora-
tion is further observed peripherally with reconstitution of the labral 
seal (Reprinted with permission J. W. Thomas Byrd, MD)         
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Fig. 35.6 (continued)
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  Fig. 35.7    Viewing a left hip from the anterolateral portal, an acetabu-
loplasty has been completed in the presence of this partially ossifi ed 
labrum. ( a ) The diminutive remnant has been properly restored to the 

rim with multiple simple loop sutures. ( b ) With the joint reduced, the 
labrum is visualized in articulation with the femoral head (Reprinted 
with permission J. W. Thomas Byrd, MD)       
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  Fig. 35.8    An anterior labral tear of a right hip is being viewed from 
the anterolateral portal. ( a ) Pathological detachment of the labrum 
from the rim of the acetabulum is being probed. ( b ) Freshening the rim 
of the acetabulum, creating a bleeding bony surface aids in potentiat-
ing healing of the repair. ( c ) Two anchors have been placed in the rim 
of the acetabulum with the sutures passed through the labrum in a mat-

tress fashion. ( d ) The sutures have been tied securely reapproximating 
the labrum to the rim of the acetabulum. ( e ) Now viewing from the 
peripheral compartment, the repair is inspected showing approxima-
tion of the labrum against the femoral head with the sutures well 
removed from the articular surface (Reprinted with permission J. W. 
Thomas Byrd, MD)       
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  Fig. 35.10    Viewing posteriorly in this left hip in this athlete with 
recurrent posterior instability. ( a ) A traumatic detachment of the poste-
rior labrum is being probed. ( b ) An arthroscopic Bankart-type repair 

has been performed with suture anchors (Reprinted with permission 
J. W. Thomas Byrd, MD)       

a b

  Fig. 35.9    A left hip viewing anteriorly from the anterolateral portal. 
( a ) A diminutive tear of the anterior labrum ( arrows ) is identifi ed. ( b ) A 
simple loop suture technique has been used to restore the labrum to the 

acetabular rim. This is necessary in order to have adequate tissue com-
position for the repair (Reprinted with permission J. W. Thomas Byrd, 
MD)       
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36.1            Premise 

 The hip arthroscopy is a surgical technique in the rapidly 
changing and increasingly common treatment for many 
painful conditions of the hip in top-level athletes. There is 
growing evidence that demonstrates the utility of this tech-
nique in the treatment of numerous causes of coxalgia [ 1 ,  2 ], 
including femoro-acetabular impingement (FAI) and micro-
fracture. This approach, certainly less invasive than tradi-
tional open surgery, was effective in facilitating a quick 
return to the sport by the athletes [ 3 ].  

36.2     Directions of Rehabilitation 

 Acute traumatic events (subluxations, dislocations and also 
low-impact trauma at the level of the proximal femur and 
greater trochanter) as well as atraumatic femoral-acetabular 
conditions can lead to chondral damage in athletes [ 4 ]. 

 While the prevalence of chondral defects of the knee 
appears to be higher among athletes than in the normal popu-
lation, the prevalence of chondral defects at the hip has not 
yet been elucidated [ 5 ]. 

 Pain syndromes of the hip susceptible to treatment with 
hip arthroscopy are not unique to athletes who practise con-
tact sports (football, hockey, soccer) but also in athletes 
engaging in noncontact sports such as golf, baseball, running 
and tennis [ 5 ]. 

 Return to competition is very high even in the presence of 
microfractures; elite athletes revert to the same level of com-
petition as presurgery in variable percentages between 77 
and 100 % depending on the studies [ 3 – 5 ]. 

 In rare cases, when the integrity of the joint after surgery 
is uncertain, the return to the level of athletic performance 
prior to the injury may not be possible. The athlete will be 
forced to take up a different type of training/competition 
level or even to give up the activity practised. Establishing 
this early is important so that the actual goal reached in 
relation to the integrity of the joint can help minimise fail-
ure and frustration felt by the patient and the rehabilitation 
team [ 6 ]. 

 The young age of the patient, combined with ambitions to 
return to competitive sports, raises the functional expecta-
tions and goals that the patient/athlete needs and wants to 
achieve. It is therefore essential that the protocol of a thera-
peutic programme starts immediately post-surgery and 
extends far beyond the design of a personalised rehabilita-
tion project, aiming to achieve the highest functional level 
possible. 

 The return to the sport gives rise to an initial treatment 
setting which is based in the gym/pool for rehabilitation and 
should be started as early as possible. It’s important to 
remember that the progression of rehabilitation has been 
divided into phases purely for educational purposes and are 
not considered as watertight compartments. The transition 
from one phase to another will not even take into account the 
deadlines but more so the satisfaction of functional criteria. 

 Keep in mind that the target of our rehabilitative interven-
tion remains an elite athlete who is going through a period of 
inactivity which is diffi cult to endure both physically and 
mentally. Our project must therefore take into account this 
situation by proposing focus not only on the recovery of the 
hip but also the person as an athlete, bringing him/her to be 
committed both physically and emotionally, making it easier 
to return to the sport once the lesion has healed [ 7 ]. 

 Once you have completed this preparatory programme 
and the patient has achieved good recovery of motion, mus-
cular strength, fl exibility and coordination, the athlete is 
ready to face the last period of rehabilitation that will allow 
him/her to return to sport and competition: the rehabilitation 
fi eld. 
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 The setting will not be the gym but fi eld “rehabilitation” 
that will have unique characteristics depending on the sport 
practised by the athlete (football fi eld, tennis, etc.). Also in 
this phase, the athlete will be followed by the rehabilitation 
team, and the expertise of the physician and physiotherapist 
will be integrated with those of the trainer. 

 The times given in the literature for the beginning of this 
phase are variable since it is strongly infl uenced by the type 
of pathology underlying the arthroscopic procedure. In the 
case of microfractures, it is in fact necessary to have a period 
of no load or light weight for 4 to 6–8 weeks, which infl u-
ences the progression of rehabilitation treatment. Even in the 
case of hip repair, a partial load tolerance for at least 2 weeks 
is recommended and a partial load of 3 weeks in the case of 
osteoplasty. The beginning of the rehabilitation on the fi eld is 
generally between 12 and 16 weeks as a post-operative inter-
vention in the most simple cases and from 20 to 28 in the 
more complex interventions [ 8 ]. Other authors begin, in the 
absence of complications, the rehabilitation of the fi eld 
between 8 and 16 weeks post-surgery, by inserting a progres-
sive manner in the activities of sport starting from 12 weeks 
[ 9 ]. In an experimental study, a sheep model has demon-
strated healing of the glenoid labrum, repaired arthroscopi-
cally, 12 weeks after the formation of scar fi brovascular or 
new bone formation [ 10 ]. 

 The extreme variability of the information makes it, there-
fore, essential to use functional criteria rather than time to 
decide on the beginning of rehabilitation treatment on the 
fi eld and the return to competition. 

 The return to the pitch although a fi eld of rehabilitation is 
important from the emotional point of view [ 11 ]; on one hand 
positive feeling for an imminent return to team and competi-
tion, but on the other hand the fear of a re-injury starts. 

 The rehabilitation fi eld has the ultimate outcome and 
functional recovery of the athlete’s return to sport. The 
rehabilitation fi eld, such as that in the rehabilitation gym, 
should be guided by knowledge of the underlying injury 
but also by the objectives and physical skills necessary to 
the athlete. 

 The prevention of overload is a prerequisite for achieving 
the fi nal objective, and the fi eld is the place where you can 
more easily take that risk. This is because the patient is con-
tinuously subjected to exercise load. 

 Usually the occurrence of complications during rehabilita-
tion on sports fi eld depends on an erroneous adoption and pro-
gression of loads. The overload can affect the part of the body 
treated surgically but most often involves other areas. 

 Since the re-education on sports fi eld coincides with the 
fi nal phase of the rehabilitation programme, the prevention 
of complications start in the pool and gym, through the cor-
rect technique and full recovery of strength and propriocep-
tion, but especially after doing exercises in preparation for 
the race. 

 Even in the fi eld, by adopting appropriate strategies, you 
can reduce the risk of overload. The fi rst strategy is to make 
a proper warm up, including running mobility strength, and 
proprioception exercises. This is the fi rst step to start session 
properly. You should also check the quantity, i.e. the pro-
posed load. 

 Equally important is the recovery for neural plasticity and 
functionality of the proposed exercises. The type of footwear 
worn by the athlete is important as well as the type of turf on 
which the session is held. 

 But it is only in accordance with certain criteria that 
patients can begin rehabilitation on the sports fi eld while 
minimising the risks:
•    The subjects must have appropriate tone and tropism.  
•   A level of strength not less than 80 % of the operated limb 

compared to the healthy one.  
•   Ability to run for at least 20 min under aerobic conditions.    

 It is more diffi cult to recover control in the eccentric phase 
of movement, i.e. the action of deceleration. This ability is the 
fi rst to be regained, through an introductory course, at the 
beginning of the rehabilitation project both in the water and 
in the gym. The same goes for the control of rotations. Being 
able to control vertical loads and rotations is important as 
they are present in most of the movements that occur in 
sports and especially in sports games. For these reasons, the 
rehabilitative physiotherapy fi eld becomes crucial for the 
recovery of these capabilities.  

36.3     Objectives to Be Achieved Through 
the Field Rehabilitation 

36.3.1     Recovery of Functional Movement 

 The objective is to achieve and maintain good joint function 
of the patient’s limb, safely and with confi dence in the new 
environment and with new ways of working. The focus is 
also on developing the capacity of power, speed and agility. 
The patient begins to walk in a straight line, eventually bring-
ing in large radius curves, which are then progressed and 
used in running exercises in the same way along with coordi-
nation exercises (using the rope during the race), decelerat-
ing exercises and exercises with progression to lateral 
sliding.  

36.3.2     Recovery Sport-Specifi c Movements 

 The goal is to reintroduce sport-specifi c strength and to 
improve coordination; this phase also reintroduces sport-
specifi c equipment (ball, bat, etc.). It’s important to start with 
 movements that are already known by the athlete and change 
one variable at a time. It is not advisable to experiment new 
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methods of running and unusual non-sport-specifi c dis-
tances. We can then use frequency, mode, intensity and 
sport- specifi c movements suitable for the athlete [ 7 ]. During 
the recovery of sport-specifi c movements, it is also important 
to focus on the movement that led to the injury; an athlete 
will never feel completely cured and able to return to compe-
tition until he/she manages to repeat the movement that 
caused the lesion several times, without pain [ 8 ].  

36.3.3     Recovery of Fitness 

 The aerobic reconditioning is of utmost importance and is a 
prerequisite for the return of the athlete on the fi eld. On the 
fi eld, we continue the work started in the gym and gradually 
increase the intensity of aerobic activity [ 8 ]. It is a good idea to 
perform (or repeat) the test for identifying lactate aerobic (S2) 
and anaerobic (S4) threshold. Such metrics are useful for set-
ting up a proper aerobic reconditioning programme and they 
represent a measure of verifi cation of the results achieved [ 12 ]. 
The athlete may not resume training or compete if he/she is not 
completely reconditioned, in order to prevent another injury.  

36.3.4     Prevention of Reinjury 

 A new injury is a dramatic event for the athlete returning 
back to competition. It’s important that in addition to the 
recovery of strength and range of motion, the athlete has also 
to recover the correct proprioceptive and aerobic capacity 
used in critical moments during the match. Not surprisingly, 
the number of injuries increases at the end of the race times/
match [ 13 ]. The programme should include exercises to 
work all planes of movement and all body segments, move-
ments of static and dynamic posture and combined exercises 
with variable repetitions, in a controlled and uncontrolled 
environment [ 8 ]. In our opinion, the prevention of a new 
injury would be useful also to assess the kinematics of the 
sport-specifi c movements and the correction of any errors in 
the execution of the movements and misalignment that can 
facilitate the injury.   

36.4     Return to Sport and Competition 

 It is not an easy decision to defi ne a time for the athlete to 
return to his team sport. The timing of return to competition 
is variable but is usually between the 10–12 and 32 weeks [ 6 , 
 14 ]. Few athletes who underwent a resection of the hip return 
to competition earlier than 8 weeks after surgery [ 6 ]. 

 When can the athlete return to sport? When the athlete has 
achieved the highest functional level possible and he/she 
feels mentally/physically ready to return to competition.  

36.5     Rehabilitation Field 

 Once the general objectives of re-education on the rehabilita-
tion fi eld are identifi ed, how do you expect the programme to 
work? 

 First of all, it is good to point out that the recovery pro-
gramme should follow the principle of progression, either 
for loading and for the diffi culty of the exercises. In this 
regard, it is good that the same protocol is structured for pro-
gressive stages and that the next phase is dependent on the 
achievement of functional objectives provided for each 
phase. 

36.5.1     First Phase 

  Functional Objectives 
 Restore the correct gait pattern and running, achieving a 
good range of motion. 

 In this phase, the focus is to improve running technique at 
different speeds and hip mobility using obstacles adjustable 
in heights (Figs.  36.1  and  36.2 ).   

36.5.2     Second Phase 

  Functional Objectives 
 This phase include the cushioning ability of the vertical 
loads, achieving a good symmetry of the thrusts of the lower 
limbs in lateral movements and using sport-specifi c equip-
ment with confi dence. 

 Running with curvilinear trajectories (Fig.  36.3 ), skips 
and gaits (Fig.  36.4 ), supports mono- and bi-breech landing 
where care should be taken in the eccentric phase of the 
movement, lateral movements (Fig.  36.5 ) and progressions 
in line with the fi nal deceleration and, above all, should be 
introduced for sport-specifi c skills.   

36.5.3     Third Phase 

  Functional Objectives 
 Introduction of changes of direction (Fig.  36.6 ), achieving 
optimal confi dence with sport-specifi c equipment and a 
perfect ability to cushion the load after a jump and rotation 
control. 

 We introduce jumps, if there are no contraindications by 
the surgeon, starting with bipedal stance and then moving 
on to monopodalic, starting with individual leaps and then 
progressing on to multi-jumps. With regard to the leaps, 
attention should be paid mainly on the landing stage, with-
out worrying about the height or distance covered in that 
leap.   
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  Fig. 36.1    Active mobilisation 
with obstacles       

  Fig. 36.2    Active mobilisation 
with obstacles: variant       
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  Fig. 36.3    Running with 
curvilinear trajectories       

  Fig. 36.4    Skips and gaits       
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  Fig. 36.6    Changes direction       

  Fig. 36.5    Lateral movements        
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36.5.4     Fourth Phase 

  Functional Objectives 
 Functional capacity to perform routes with changes of direc-
tion at maximum intensity and ability to perform sport- 
specifi c exercises with proper technique and high intensity. 

 The paths with changes of direction are made to the high-
est setting, and the mono- and bi-breech stance phases are 
fi nalised to pay maximum attention to the loading phase and 
the subsequent boost.   

36.5.5     Fifth Phase 

  Functional Objectives 
 The functional ability to perform sport-specifi c movements 
and actions without fear. 

 We proposed phases of the game and sport-specifi c 
actions. Fuctional requirements should match sports require-
ments, such us for soccer players small sided games, game 
phases simulations and tackles. The stimulus provided must 
be comparable to those of the competition. 

 In this phase it is crucial to repeat the movement that caused 
the injury several times. This allows the athlete to fully regain 
self confi dence and to be aware of having achieved a complete 
recovery, both functional and emotional. 

 Also from the point of view of metabolic stress, it would 
be appropriate to follow a progression of intensity, so, for 
example, in the fi rst three phases, it should be solicited to 
aerobic metabolism through basic exercise working within 
the aerobic and anaerobic threshold. In the fourth phase, the 
goal is to stimulate anaerobic metabolism with lactate exer-
cises, power and capacity, while the fi fth phase calls for the 
anaerobic alactate metabolism through agility drills, skill 
and speed exercises.    

    Conclusions 

 The return to sports without restrictions after surgery in 
hip arthroscopy is possible. 

 To achieve the highest functional level possible, it 
becomes essential to carry out the last part of the rehabili-
tation on the sports fi eld. On the fi eld, in fact, you have the 
ability to provide functional and metabolic stimuli spe-
cifi c to the sport, which is useful to regain motor patterns, 
both basic and sport specifi c, while achieving an optimal 
state of mental and physical shape. 

 The revival of the movement that caused the injury is 
important from a psychological point of view because it 
gives the athlete the awareness of being fully healed. The 

progressive increase in the proposed stimulus, the proper 
adoption of the loads and the quality control of the move-
ments are the criteria that allow you to work safely avoid-
ing overloads. 

 In planning recovery activities on the rehabilita-
tion field, it would be appropriate to establish the 
phases with specific functional goals, and once 
achieved, the athlete will be allowed to progress to 
the later stages. 

 In the next year the rehabilitation process and surgical 
techniques will be more effi cient and individualised, with 
the goal to improve the quality of life for athletes with hip 
pathology.           
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37.1             Anatomy 

 In the axial plane, the medial meniscus has the shape of an 
open “C” with a larger surface at the posterior horn, whereas 
in the coronal plane, it is wedge shaped and becomes thinner 
towards the free edge [ 1 ]. Its average dimensions are as fol-
lows: circumference, 99.0 mm (range, 84–119; 9.3 SD); 
width of meniscal body, 9.3 mm (6.7–12.4; 1.3 SD); distance 
between anterior and posterior margin, 45.7 mm (30.1–56.1; 
5.0 SD); and distance between the meniscal wall and medial 
margin of the tibial spines, 27.4 mm (23.3–32.7; 2.5 SD). 
The medial meniscus covers 64 % of the medial tibial pla-
teau (range, 51–74 %) [ 2 – 4 ]. 

 Knowledge of meniscal vascularity is crucial and will 
infl uence any assessment of the reparability    of meniscal 
lesions. From early prenatal development until shortly after 
birth, the meniscus is completely vascular. At 10 years of age, 
vascularity is present in around 10–30 % of the meniscus, and 
in adults, blood vessels and nerves are present in only the 
peripheral areas (10–25 % of tissue) [ 2 ]. Three distinct 
regions can therefore be identifi ed: an outer vascular/neural 
area (red-red zone), an intermediate area (red-white zone) and 
an inner avascular/aneural area (white-white zone) [ 5 – 7 ]. 

 Similarly, innervation does not extend to the entire menis-
cus but follows the radial distribution of the vasculature and 
concentrates predominantly at the anterior and posterior 
horns and along the meniscal wall, reaching only the inner 
third of the body. The medial meniscus has been found to 
contain, in addition to nerve fi bres with vasomotor functions, 
Pacinian corpuscles (proprioceptive function), slowly adapt-
ing Ruffi ni endings, and Golgi tendon organs (mechanore-
ceptors) whose presence suggests an important role for the 

menisci in transmitting information to the central nervous 
system [ 6 ,  8 ,  9 ]. 

 From a structural standpoint, the collagen fi bres making 
up the meniscus have circumferential orientation in the 
periphery (meniscal wall), whereas in the inner portion, they 
have a predominant radial arrangement running parallel to 
the joint surface. This organisation explains the different 
meniscal behaviour patterns: the central region is more suited 
to resisting compressive axial loads between the femur and 
tibia, whereas the peripheral region resists tensile forces 
[ 10 ]. The circumferential collagen fi bres of the body con-
tinue with the anterior and posterior insertional ligaments 
(meniscal roots), by means of which the meniscus attaches to 
the subchondral bone of the tibia [ 7 ]. 

 The medial meniscus has connections with the deep 
layer of the medial collateral ligament (MCL): the menisco-
tibial and the menisco-femoral layer. Studies on knee laxity 
have shown that rupture of the MCL deep layer leads to 
increased external rotation of the tibia at 60–90° of knee 
fl exion and that the ligament represents a secondary 
restraint to valgus. The MCL limits the movement of the 
medial meniscus: injury to the menisco-tibial layer will 
lead to increased meniscal mobility, with effects on the 
forces acting on the joint that have yet to be investigated in 
a satisfactory manner [ 11 ,  12 ].  

37.2     Aetiology and Mechanism of Injury 

 The main distinction to be made in meniscal lesions is based 
on aetiology and divides lesions into traumatic and/or degen-
erative, which can be diagnosed on the basis of the patient’s 
clinical history. 

 According to the American Academy of Orthopaedic 
Surgeons, the incidence of meniscal injuries in the United States 
is approximately 61/100,000 [ 13 ]. These injuries are particu-
larly frequent in athletes participating in sports with high func-
tional demands (soccer, basketball,  baseball,  skiing) [ 14 – 18 ]. 
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 Men are more prone to these injuries than women, with 
a male-to-female ratio between 2.5:1 and 4:1. As regards 
age, an analysis of arthroscopic knee procedures coded as 
simple or complex provides an incidence peak between 40 
and 49 years and a second one between 50 and 59 years; if 
performed in conjunction with anterior cruciate ligament 
(ACL) reconstruction, the peak is seen in the 20–29-year age 
range [ 14 ,  17 ,  19 ,  20 ]. The mechanisms underlying meniscal 
lesions normally involve the development of a shear force 
secondary to twisting movements with the foot fi rmly planted 
and the knee in semifl exion. In other cases a meniscal tear is 
produced by hyperfl exion or hyperextension movements as 
occurs, for example, when kicking the air [ 21 ]. 

 The prevalence of meniscal injuries with associated ACL 
tear varies between 44 and 61 % [ 22 – 24 ]. In 1997, Bellabarba 
conducted a meta-analysis of models of meniscal injuries in 
knees with ACL tears. This demonstrated a predominance 
of lateral meniscal injuries (56 % versus 44 %), although 
the incidence of new medial meniscus injuries increased sig-
nifi cantly with chronic ACL insuffi ciency (70 % medial ver-
sus 30 % lateral) [ 25 ]. Tandogan reported on a series of 764 
patients with ACL tears (10.5 % women, mean age 27 years). 
The time from initial injury (TFI) was 19.8 months (range, 
0.2–360 months). The study demonstrated that the TFI is the 
best predictor of medial meniscal injury: the likelihood of 
having a medial meniscal injury 2–5 years TFI was 2.2 times 
greater than the likelihood in the fi rst year post-injury, and 
the likelihood at >5 years was 5.9 times greater [ 26 ]. 

 A number of studies have also investigated the associa-
tion between the type of meniscal injury and the state of the 
meniscus. Although the quality of the evidence is moderate, 
some authors have found that longitudinal, bucket-handle, 
or radial tears are more commonly associated with an acute 
traumatic event compared with horizontal or fl ap tears, which 
are more frequent in degenerative forms [ 27 ]. Poehling et al. 
drew the following conclusions from their study: complex 
meniscal tears without associated ACL injuries are more fre-
quent between 40 and 50 years of age; horizontal tears mani-
fest around 10 years before complex tears in the presence of 
an intact ACL; a fl ap tear is more frequent in the 30–40-year 
age group in men and in the 60–70-year group in women; 
peripheral longitudinal meniscocapsular or radial tears tend 
to be more common in young patients with an associated 
ACL tear who have therefore sustained a major traumatic 
injury [ 28 ]. In recent years, an increased incidence of menis-
cal lesions has been observed in skeletally immature children 
[ 29 ]. The main factor underlying this increase is the growing 
participation of children in physically demanding sports. In 
most cases (>71 %), the lesions are isolated [ 30 – 32 ]. In a 
proportion of cases, a predisposing factor is a discoid menis-
cus, which is, however, more frequent in the lateral compart-
ment. This condition refers to a spectrum of morphological 
abnormalities, and the highly unstable forms present with 

the classical “snapping knee syndrome”, while the stable 
 variants may remain asymptomatic until a lesion develops 
[ 33 ]. The incidence of discoid meniscus ranges between 
0.03 % and 0.12 % [ 2 ,  34 ]. The fi rst medial discoid meniscus 
was reported by Cave and Staples in 1941 [ 35 ].  

37.3     Classifi cation of Meniscal Injuries 

 Meniscal injuries can be classifi ed on the basis of several 
criteria: clinical history, lesion location relative to vascula-
ture and “geometrical” features of the lesion:
    1.    As previously mentioned, meniscal lesions can be divided 

into traumatic or degenerative. “Traumatic” lesions are 
related to precise events, they predominantly affect young 
athletes, and they may be found in association with a cru-
ciate ligament tear [ 36 ,  37 ]. “Degenerative” lesions tend 
to manifest as a result of chronic “wear and tear” of the 
meniscus in relation to the patient’s age and/or joint over-
load due to multiple causes (obesity, malalignment, insta-
bility, overuse) [ 38 ].   

   2.    Based on vascularity, the meniscus can be divided into 
three zones [ 5 ]: red-red, red-white and white-white. This 
classifi cation allows an assessment of the reparability of 
meniscal tears since healing processes are highly likely in 
the fi rst case, variable in the second and unlikely in the 
last case, for which resection is advisable.   

   3.    The most commonly used classifi cation is based on the 
pattern of the lesion and considers vertical (Figs.  37.1  and 
 37.2 ), horizontal and complex lesions. Vertical lesions 
include longitudinal and transverse/radial lesions [ 39 ]. 
Among them, two particularly important variants should 
be considered: a ramp lesion (Fig.  37.3 ), identifi ed as a 
longitudinal lesion of the posterior horn, and a menis-
cal root lesion, a radial lesion of the meniscal horns or a 
bony avulsion of the tibial insertion [ 40 ]. Ramp lesions 
(Fig.  37.3 ) were fi rst described in the late 1980s by Strobel    
[ 41 ]. In recent years, surgeons have paid increasing atten-
tion to this type of lesion, which is associated with an ACL 
tear in 9–17 % of cases [ 41 ,  42 ]. A ramp lesion affects 
the posteromedial corner of the medial meniscus and/or 
posterior menisco-tibial ligament, resulting in instability 
of the meniscus itself. The circumferential collagen fi bres 
of the medial meniscal body continue posteriorly into the 
menisco-tibial ligament which attaches to the subchon-
dral bone of the tibia in the most distal part of the joint 
space. This ligament represents a fi brocartilaginous tran-
sition zone, characterised by a gradual change in stiffness 
from ligament to bone: it guarantees anchoring of the 
meniscus and limits movement especially in the posterior 
direction [ 11 ,  12 ]. Ramp lesions are often unrecognised 
or misdiagnosed as partial tears, leading to loss of menis-
cal stability. A correct diagnosis of these lesions requires 
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  Fig. 37.1    Vertical or longitudinal tears. ( a ) Arthroscopic view. ( b ) Preoperative magnetic resonance imaging       

a b

  Fig. 37.2    Bucket-handle tears. ( a ) Arthroscopic view. ( b ) Preoperative magnetic resonance imaging       
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visualisation through the posteromedial portal, and in 
some cases, the lesion can only be appreciated after mini-
mal debridement of the soft tissues (“hidden lesions”) 
[ 43 ,  44 ]. The incidence of meniscal root tears is greater 
than previously thought: tears of the medial posterior root 
are the most common, accounting for 10–20 % of surger-
ies on the medial meniscus, compared with 8 % of lateral 
posterior root tears (a difference explained by the greater 
mobility of the lateral meniscus), most of which are asso-
ciated with an ACL tear. Conversely, it is not possible 
to establish the true incidence of anterior meniscal root 
lesions [ 40 ]. However, the values could be even higher 
if we consider that magnetic resonance imaging (MRI) 
may miss around one- third of radial lesions close to the 
posterior root of the medial meniscus. Older age, female 
gender, increased body mass index and lower levels of 
sporting activity have all been associated with a higher 

incidence of medial meniscus root tears [ 45 – 47 ]. The cir-
cumferential collagen fi bres of the meniscus continue in 
the insertional ligaments, that is, the anterior and poste-
rior meniscal roots, through which the meniscus attaches 
to the subchondral bone of the tibia. An axial load on 
the knee generates a compressive force on the meniscus 
which, with its wedge- shaped cross section, results in 
an outwardly directed radial vector. The circumferential 
fi bres of the meniscus and the roots, tensed by these radial 
forces (hoop stress) [ 48 ,  49 ], allow dissipation into bone 
of the tensile forces generated by the load, they prevent 
meniscal extrusion (in combination with the peripheral 
connections), and they ensure preservation of articular 
congruity during knee movement [ 50 – 52 ]. A tear of the 
posterior root of the medial meniscus causes extrusion 
of the medial meniscus >3 mm [ 53 ] with similar conse-
quences to a total meniscectomy [ 54 ].         

a

c

b

d

  Fig. 37.3    “Ramp lesion” or “hidden lesion” of the posterior horn of the medial meniscus (MM). ( a ) Arthroscopic view. ( b ) Preoperative magnetic 
resonance imaging. ( c, d ) Final suture with a PDS suture. Suture through the posteromedial portal with a hook       
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37.4     Clinical and Diagnostic Examination 

 Meniscal tears may present with joint locking, limitation 
to extension, joint effusion and possible associated lesions 
of the collateral ligaments and/or ACL [ 41 ,  55 ,  56 ]. Prior 
to surgery, a presumptive diagnosis and a differential diag-
nosis can be formulated on the basis of a careful history, 
thorough clinical examination, and appropriate imaging 
investigations. 

 Generally, a meniscal tear will present with:
    1.    Acute joint pain localised to the medial joint line.   
   2.    Joint effusion. If the tear involves the inner areas of the 

meniscus, the effusion generally develops gradually over a 
few hours. In peripheral lesions, the effusion develops much 
more rapidly (within minutes), and because the peripheral 
region is vascular, the effusion may contain blood.   

   3.    Joint locking is a common symptom after a meniscal 
injury. Locking usually occurs at 20–45° of extension. It 
is due to a displaced meniscal fragment that becomes 
trapped between the femoral condyle and the tibial pla-
teau [ 57 ].   

   4.    A sensation of giving way may occur. In these circum-
stances, it is necessary to distinguish a meniscal lesion 
from joint instability due to other causes such as ACL and/
or quadriceps femoris insuffi ciency. During the clinical 
examination, the uninvolved leg should be used as a refer-
ence for comparison of the qualitative and quantitative 
results of the involved leg. The examination should include 
inspection, palpation, range of motion (ROM), gait pattern, 
girth measurements and tests to assess the integrity of the 
menisci and other structures of the knee joint [ 58 ].     

37.4.1     Tests 

 Several different specifi c tests can be applied to assess 
meniscal involvement. A positive result on any one test can-
not by itself establish the presence of a meniscal lesion, but 
together with other objective fi ndings, it can help in the dif-
ferential diagnosis. 

 Diagnostic accuracy is improved by considering the 
results of three tests in combination. In general, all clinical 
tests tend to be less reliable in the presence of a concurrent 
ligamentous lesion and are less accurate in patients with 
degenerative lesions than in young patients with acute inju-
ries [ 59 ]. Below are some tests that can be performed. 

37.4.1.1     McMurray Test [ 60 ] 
 This test is positive in central tears or tears of the posterior 
horn. With the patient supine, the examiner holds the heel 
with one hand, and with the other, he/she supports the lower 
part of the knee, trying to extend the knee completely while 
rotating the tibia fi rst internally and then externally. Pain dur-

ing forced fl exion suggests a lesion of the posterior meniscal 
horns (these meniscal portions slide back when the knee is 
fl exed and are compressed between the proximal tibial sur-
face and the femoral condyles); pain during forced extension 
suggests a lesion of the anterior meniscal horns (during 
extension, the menisci tend to slide forward and the anterior 
horns are compressed between the tibial and femoral con-
dyles). Pain at 90° of fl exion indicates a lesion of the menis-
cal body. Specifi city is 81 %, and sensitivity is 44 %.  

37.4.1.2     Apley Test [ 61 ] 
 The patient lies in the prone position, with knee fl exed to 90° 
and thigh anchored to the table with the examiner’s knee. 
The examiner distracts the patient’s knee while rotating the 
tibia inwards and outwards. The presence of pain during this 
manoeuvre indicates involvement of the ligaments. The 
examiner then compresses the knee (grinding test) while 
rotating the tibia inwards (for the lateral meniscus) and 
 outwards (for the medial meniscus). Pain during this 
 manoeuvre indicates a meniscal tear. Specifi city is 86 %, and 
sensitivity is 42 %.  

37.4.1.3     Finocchietto Sign [ 62 ] 
 Sensation of a painful palpable click during the anterior 
drawer test is caused by entrapment of the meniscus between 
the femur and tibia during knee fl exion and extension.  

37.4.1.4     Childress Test [ 63 ] 
 The patient squats with knees completely fl exed and attempts 
a “duckwalk”. Limitation of movement indicates a possible 
meniscal lesion. However, pain in this position may indi-
cate a meniscal lesion or involvement of the femoro-patellar 
articulation [ 63 ]. The Childress test has proved to be more 
accurate than other tests for the detection of meniscal lesions 
with associated ACL tears, with a sensitivity of 68 % and an 
accuracy of 66 %. More specifi c tests are the Steinmann I 
sign and the Apley test. 

 Other tests for meniscal lesions are the O’Donoghue test, 
the Payr sign and the Steinmann I sign.   

37.4.2     Imaging Investigations 

    Anteroposterior (AP) and lateral knee radiography in young 
patients with acute trauma [ 64 ] may be combined with a 
Rosenberg projection [ 65 ] and a skyline view in subjects 
older than 40 years of age with suspected degenerative 
lesion. These imaging studies are required for detecting 
osteophytes or degenerative chondral changes through 
assessment of the joint space. They are also useful for detect-
ing malalignment [ 66 ]. 

 Magnetic resonance imaging (MRI) is the most powerful 
and accurate modality for the diagnosis of meniscal lesions. 
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It provides additional information about the state of the 
ligaments and cartilage [ 67 ]. It depicts many of the essen-
tial features of meniscal tears needed for making treatment 
decisions: location, shape, length and depth [ 68 ,  69 ]. As for 
diagnostic accuracy, it has 86–96 % sensitivity in the detec-
tion of medial meniscus tears, with a specifi city of 84–94 % 
[ 70 ,  71 ]. In reality, if a pathological signal is detected on 
one section only, the accuracy of the diagnosis of a medial 
meniscal tear is 55 %. The accuracy increases if the patho-
logical signal is seen in at least two consecutive images [ 71 ]. 
MRI is also accurate in the detection of repairable meniscal 
lesions, and it has good sensitivity for determining irrepa-
rable lesions. One study has shown that 89 % (103 of 116) of 
meniscal lesions were classifi ed equally at MRI and subse-
quent arthroscopy with regard to reparability. However, the 
same study demonstrated that MRI had variable accuracy 
in predicting the confi guration of the meniscal lesion later 
identifi ed with arthroscopy [ 72 ]. MRI diagnosis is,  however, 
associated with a risk of false-negative or false-positive 
results. False-negative results are more common with lesions 
located in the outer half of the posterior horn of the medial 
meniscus or in the inner third of the meniscal body. These 
are small lesions detected clinically by palpation of the joint 
line; they are stable and may be treated conservatively [ 73 ]. 
False-positive results are more frequent and concern the pos-
terior horn of the medial meniscus. They are caused by chon-
drocalcinosis in the meniscus or healed meniscal lesions, 
which often continue to show high signal intensity. In the 
presence of chondrocalcinosis, MRI sensitivity in the medial 
meniscus is 89 %, specifi city is 72 % and accuracy is 81 %. 
One of the causes of the diagnostic diffi culties lies in the dif-
ferences in descriptive terminology and interpretation used 
by orthopaedic surgeons and radiologists with regard to the 
lesion being examined [ 74 ,  75 ].   

37.5     Treatment Strategy 

 Stable lesions <1 cm in length and not causing any signifi -
cant mechanical symptoms can be treated with plain obser-
vation [ 76 ]. Surgery becomes necessary when the lesions 
give rise to mechanical symptoms. Lesions >1 cm can be 
distinguished into reparable and irreparable, depending on 
location. Only 20 % of meniscal tears are suitable for repair. 
The factors infl uencing success include the age of the lesion, 
the location, the type of lesion, the patient’s age and the pos-
sible presence of associated lesions [ 77 ,  78 ]. 

37.5.1     Total Meniscectomy 

 In the past, meniscal lesions were treated with total men-
iscectomy. This occurred because the true functions of 

the meniscus were unknown, and in his 1940 paper “The 
Semilunar Cartilages”, McMurray wrote that “The cause of 
failure of meniscal removal lies in the failure to remove the 
entire affected cartilage” [ 79 ]. In 1948, Fairbanks published 
what is now a classical paper, in which he described the char-
acteristic radiographic changes produced by meniscectomy. 
Whereas today it is clear that these changes refl ect the dis-
ruption of the tibio-femoral joint due to loss of the meniscal 
protective function, Fairbanks observed that “It seems likely 
that narrowing of the joint space will predispose to degenera-
tive changes, but a connection between these appearances and 
later osteoarthritis is not yet established and is too indefi nite 
to justify clinical deductions” [ 50 ]. During most of the twen-
tieth century, therefore, orthopaedic surgeons carried out a 
large number of total meniscectomies with good short- term 
outcomes [ 80 ]. However, looking at the results over longer 
follow-up periods, the negative outcomes became increas-
ingly apparent. For example, Tapper and Hoover from the 
Mayo Clinic reported on the results of a retrospective study 
of 213 patients followed up from 10 to 30 years after their 
meniscectomy, in which only 68 % had good or excellent 
results and only 38 % were asymptomatic. Moreover, they 
found that those with a bucket-handle tear but with intact 
peripheral meniscal rim had higher rates of satisfaction [ 81 ]. 

 In the light of these results, there is an increased aware-
ness of the importance of meniscal function [ 82 ], and the 
current motto of orthopaedic surgeons is “Save the menis-
cus”. Recently, R. Verdonk stated that we have to “keep the 
meniscus… vestigial soft tissue structure in a self- maintaining 
transmission system” [ 83 ].  

37.5.2     Partial Meniscectomy 

 The development of arthroscopic techniques and related sur-
gical instruments has facilitated the performance of partial 
meniscectomy, which has become a pillar of the treatment of 
symptomatic lesions. The short-term results of partial menis-
cectomies are very satisfactory. Jareguito et al. have reported 
that in 90 % of cases, they obtained good or satisfactory 
results at 2-year follow-up and that 85 % of these patients 
returned to the desired activity level. However, at 8-year 
 follow- up, the results remained good or excellent in 62 % of 
cases, and only 48 % maintained the pre-injury level of activ-
ity [ 84 ]. All in all, the differences in the functional scores 
between total and partial meniscectomy decrease over longer 
follow-up periods, on average after 7–8 years. Lee et al., in a 
biomechanical study, demonstrated that also partial menis-
cectomy infl uences the transmission of articular loads. They 
concluded that the goal is to preserve the greatest amount of 
meniscus possible [ 85 ]. Thus, we have biomechanical and 
clinical evidence suggesting the superiority of partial menis-
cectomy, despite its limitations of not being able to maintain 
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an adequate biomechanical behaviour and avoid  degenerative 
changes. 

 Medial meniscectomy is performed with the patient 
under spinal anaesthesia or with local anaesthesia and seda-
tion depending on the surgeon’s preference and anaesthe-
siological concerns. Generally, a tourniquet is applied to 
the upper thigh, although some surgeons prefer to carry 
out the arthroscopy without it. The limb may be placed in a 
leg holder or on a fl at table with a lateral post: both devices 
allow a valgus force to be applied in order to correctly visu-
alise the internal compartment. The classical arthroscopic 
access points are used (antero-medial and antero-lateral); the 
use of the supero-medial portal for the outfl ow cannula is 
optional. Using an arthroscopic probe, the lesion is carefully 
assessed: a fl ap, a radial lesion, a dislocated bucket handle, 
and     degenerate appearance of a complex lesion are all indi-
cations for partial meniscectomy. In the case of a fl ap tear, 
the probe is used to accurately visualise the site of attach-
ment to then go on to resect it and remove the free meniscal 
 fragment. Bucket-handle tears can be treated with a variety 
of techniques. The one we prefer consists in fi rst resecting 
the anterior attachment base and then, after having caught 
the meniscal fragment with an appropriate grasper through 
an accessory antero-lateral portal (just below the standard 
portal), resecting the posterior attachment from the medial 
portal while applying traction and torsion. If visualisation 
of the area of the posterior attachment base proves diffi cult, 
a varus force with the semifl exed knee can be applied to facil-
itate the passage of the instrumentation: this will help to open 
up the space between the medial femoral condyle and the 
posterior cruciate ligament. Finally, the contour is smoothed 
with a shaver. If the procedure involves the posterior horn 
of the medial meniscus, a valgus force with extended and 
internally rotated knee may be required. In all cases, before 
ending the procedure, the stability of the meniscal remnant 
needs to be assessed. In patients with excessively tight MCL, 
it may be justifi ed to release it to ensure correct visualisation 
of the medial compartment: this can be done by performing 
multiple needle punctures subcutaneously. 

37.5.2.1     Complications 
     1.    Infection. The infection rate in meniscectomies ranges 

from 0.04 to 0.42 % [ 86 ,  87 ].   
   2.    Recurrent joint effusion. This is due to the confl ict 

between the femoral condyle and tibial plateau in the 
absence of the meniscus.   

   3.    Synovial fi stula (take care to suture the posteromedial 
portal).   

   4.    Embolic events. Data from phlebographic studies report 
an incidence of deep vein thrombosis (DVT) similar to 
that observed in other surgical procedures at moderate-to- 
high risk (18 % total DVT and 5 % proximal DVT) even 
though other, ultrasonography-based, studies have 

reported lower incidence rates. Application of the tourni-
quet seems to be an additional risk factor, but, on the other 
hand, it allows for shorter procedure times. In a study 
conducted on low-risk patients, reviparin prophylaxis (at 
a daily dose of 1,750 IU, suitable for moderate risk) for an 
average of 8 days was associated with a reduction of DVT 
from 4.1 to 0.85 % [ 88 ].   

   5.    Iatrogenic damage to cartilage. A recent study found 
that treatment of lesions of the medial posterior horn 
caused mild damage to the femoral condyles in 28 % 
of cases and moderate-to-severe damage in 6 % of 
cases [ 89 ].   

   6.    Ligamentous lesions. An uncommon complication: Small 
reported two cases of MCL stretching in a series of 1,184 
arthroscopies [ 90 ].   

   7.    Breakage of surgical instruments. This is a real, though 
uncommon, complication (0.3 %) which has decreased 
over the years with the introduction of new surgical 
instruments and growing surgeons’ experience [ 91 ].   

   8.    Vascular damage. Mostly pseudoaneurysms of the 
 popliteal artery or arteriovenous fi stulas, with an inci-
dence of 0.05 % [ 92 ].   

   9.    Nerve damage. Although defi nitely more common dur-
ing meniscal repair, this complication has also been 
reported in meniscectomies, with a rate of 0.6 %. In 
most cases, the infrapatellar branch of the saphenous 
nerve is injured during creation of the arthroscopic por-
tals [ 93 ].   

   10.    Osteonecrosis. This complication was initially observed 
in cases of arthroscopic meniscectomy: osteonecrosis of 
the postoperative knee (ONPK). In fact, more recently it 
has also been observed following other arthroscopic 
procedures (chondroplasty, ACL reconstruction) [ 94 –
 97 ]. It predominantly affects the medial femoral condyle 
(82 %), followed by the lateral femoral condyle, the lat-
eral tibial plateau and fi nally the medial tibial plateau. In 
65 % of cases, there is pre-existing chondral damage 
[ 95 ,  98 ,  99 ]. Possible causes are:
•    An aggressive postoperative rehabilitation may con-

tribute to the development of this condition. Rapid 
return to weight-bearing activities and exercise 
(before the bone remodelling stimulated by the 
changes in load distribution) induces insuffi ciency 
fractures [ 100 ].  

•   An increase in cartilage permeability to arthroscopic 
fl uid (due to cartilage lesions or iatrogenic damage 
during the procedure) may lead to increased interos-
seous pressure, with oedema and necrosis [ 101 ].  

•   Direct injury from thermal effects (laser) or photo-
acoustic trauma (gas bubbles = shock wave), during 
radiofrequency use. The infl ammatory response leads 
to bone oedema, locally increased intraosseous pres-
sure and osteonecrosis [ 102 ,  103 ].  
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•   Even the presence of a medial meniscus lesion has 
been suggested as a potential aetiological factor. 
In particular, a tear of the posterior meniscal root 
has been implicated (incidence of 2.8 % among 
1,500 knees examined). In 80 % of knees with this 
diagnosis, an osteonecrosis manifested clinically. 
The suggested pathogenic mechanism is a change 
in the loads transmitted to the femoral condyle 
due to loss of the dissipation function of the con-
dyles themselves as a result of increased compart-
mental pressure and therefore osteolysis and 
osteonecrosis [ 104 ].          

37.5.3     Meniscal Repair 

 Prompted by the studies of Arnozcky and Warren [ 5 ] on 
meniscal vascularity and healing potential, and also thanks 
to the introduction of new arthroscopic techniques, meniscal 
repair has become more widespread. The indications can be 
summarised as follows:
•    Patient-related factors: instability, locking, effusion, 

grinding and pain  
•   Factors deriving from the physical examination: joint-line 

tenderness, effusion and limitation of motion  
•   Specifi c tests for meniscal tears  
•   MRI (tear of the red-red or red-white zone)  
•   Arthroscopy: reducible tear    

 The contraindications are degenerate or poorly vascular 
meniscus tissue, patient’s age, patient’s limited compliance 
with the postoperative physiotherapy protocol, untreated 
knee instability, osteoarthritis, chronic lesions, longitudinal 
tears shorter than 1 cm, or radial tears. Several different tech-
niques are available for meniscal repair:
    1.    Scott and co-workers [ 105 ] and Cannon [ 106 ] developed 

the inside-out repair technique. This involves the use 
of double-lumen, zone-specifi c cannulae [ 107 ] through 
which needles preloaded with suture material are passed. 
In the inside-out repair of posterior horn tears, a counter- 
incision is made to prevent neurovascular complications. 
In the repair of medial meniscus tears, the incision must 
be posterior and parallel to the MCL and anterior to the 
medial gastrocnemius. The knee must be fl exed to 5–15°. 
The technique can be used for tears of the posterior horn 
and meniscal body.   

   2.    Warren [ 108 ] was the fi rst to describe the outside-in repair 
technique, which is relatively inexpensive (use of an 
18-gauge needle + monofi lament) and simple. Its main 
indication is repair of the middle third of the meniscus 
and of the anterior horn. Possible complications are iatro-
genic lesions to the meniscus due to multiple attempts at 
suture needle placement or neurovascular lesions.   

   3.    Morgan introduced the all-inside technique utilising 
arthroscopic knots [ 109 ]. This is indicated in longitudinal 
tears of the posterior horn and ramp lesions. It is a dif-
fi cult technique that requires creation of a posteromedial 
access through which a special hook or pigtail needle is 
passed to perform a vertical PDS suture of the posterior 
horn. This technique has seen the greatest efforts of manu-
facturers of orthopaedic materials to provide increasingly 
precise and easy-to-use devices to make the technique 
more accessible. Surgeons have at their disposal solid 
implants (polylactic acid anchors) [ 110 ] – in actual fact 
used increasingly less often because of the possible post-
operative complications – or anchoring systems (par-
tially bioabsorbable fi laments mounted on bioabsorbable 
anchors) [ 90 ].     
 The characteristics and location of the tear and the opera-

tor’s experience can infl uence the type of technique adopted, 
even though all-inside techniques are being increasingly 
used since they are relatively easy to apply and do not require 
accessory surgical accesses. However, several studies have 
raised the problem of the failure of these methods even 
though the results are all in all similar to those achieved with 
the inside-out technique. The possible complications of 
repair techniques for tears of the medial meniscus are:
    1.    Injury to the saphenous vein or nerve. In particular, a tran-

sient neuropraxia was found in 22 %, whereas permanent 
damage was seen in 0.4–1 % of cases [ 90 ,  111 ].   

   2.    Involvement of the popliteal artery with the T-Fix system 
(Smith & Nephew Endoscopy) if no depth penetration 
limiter is utilised [ 112 ].   

   3.    Risk of penetrating the sartorius tendon or deep fascia of 
MCL, which may slow functional recovery because of 
postoperative pain [ 113 ].   

   4.    Failure and migration of the solid implants with cartilage 
lesions and/or synovitis [ 114 ]. Technique: debride the 
fi brous tissue with a rasp or shaver. In some cases, needling 
at the level of the meniscal joint line may be done to stimu-
late bleeding of the vascular plexus. Debridement of the 
posterior region of the medial meniscus may no doubt 
prove diffi cult, and a possible solution is to create an acces-
sory posteromedial portal. Once the meniscus has been 
prepared, the various repair techniques can be performed:
    (a)    In all-inside procedures, the sutures are generally 

inserted via the ipsilateral portal for posterior horn 
tears and via the contralateral portal for meniscal 
body tears.   

   (b)    In inside-out procedures, single- or double-bore can-
nulae are used. In this case the suture needles are 
retrieved from the posteromedial portal.   

   (c)    In outside-in procedures, PDS monofi laments are 
passed through 18G needles and are then tied over the 
capsule after making multiple small skin incisions.    
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      Techniques for the repair of meniscal root tears are divided 
into two categories, both arthroscopy-assisted and with the 
possibility of creating accessory portals:
    (a)    Trans-osseous repair techniques [ 115 ,  116 ]: targeting 

devices for ligament reconstruction are used to create 
tunnels at the level of the root, and the meniscal horns 
are prepared with mattress sutures utilising shoulder 
forceps.   

   (b)    Anchor insertion techniques [ 117 ].     
 The published results on meniscal repair are varied for 

several reasons. In the presence of concurrent ACL recon-
struction, the failure rate is 10 %. In this situation, the 
healing process may be stimulated by the massive haemar-
throsis. Clinically, patient satisfaction after repair proce-
dures ranges from 87 to 98 %, but this does not imply that 
the lesion has defi nitely healed: recurrences can often be 
asymptomatic. In fact, second-look arthroscopy studies 
have shown a success rate of 75 % [ 118 – 120 ]. MR arthros-
copy is a more useful imaging modality for detection of 
the healing process than conventional MRI. The intra-
articular or intravenous ( indirect form) injection of gado-
linium increases the  potential of MRI by boosting the 
signal of the synovial fl uid and thereby enhancing the 
 contrast of the anatomical structures in T1-weighted 
sequences [ 67 ].  

37.5.4     Biological Repair 

 Biological repair techniques try to enhance and/or overcome 
the limitations of meniscal self-repair capabilities by pro-
moting chemotaxis, matrix production and cell proliferation 
at the site of injury. 

 Among them are, fi rst of all, mechanical techniques pro-
mote healing by creating vascular accesses and stimulating 
the cellular elements: synovial and meniscal abrasion and 
radial trephination of the meniscal wall. The concentration 
of major growth factors in the healing process as a result of 
these surgical actions has been demonstrated: in particular, 
the fi broblastic growth factor-2 (FGF-2) and the connective 
tissue growth factor (CTGF) proved to effectively enhance 
the repair process, whereas the vascular endothelial growth 
factor (VEGF) failed to show similar benefi ts. 

 Partly in view of these results, today there is a tendency 
to use minimally manipulated biological “materials” more 
frequently: platelet-rich plasma (PRP) and bone marrow 
aspirate concentrate (BMAC). In particular, PRP contains 
numerous growth factors (TGFß1, PDGF, VEGF) involved 
in cell differentiation, chemotaxis, angiogenesis and extra-
cellular matrix production. However, further studies 
are required for the scientifi c validation of these products 
[ 121 ,  122 ].   

37.6     Rehabilitation and Return to Play 

 The timing of rehabilitation should be dictated by patient- and 
surgical procedure-related considerations. In the case of a par-
tial meniscectomy, the absence of symptoms could lead to a 
rapid return to activity. However, the joint cartilage may 
require some time to adjust to the changes in loading in the 
absence of the meniscus, and too early a return to play can 
cause an even greater risk of chondral degeneration at long- 
term follow-up. The athlete should therefore be advised to 
refrain from physical activity for a period of around 4–6 weeks. 

 In the case of meniscal repair, the main concern is to 
maintain and protect the healing processes. For this reason, 
full weight-bearing should be avoided for 4 weeks (so as not 
to expose the site to shear and compression forces likely to 
affect healing dynamics). In the following 2–3 weeks, pro-
gressive recovery of full weight-bearing and athletic motion 
can take place with return to play not before 4–6 months. 
Accelerated rehabilitation protocols are being studied that 
attempt to promote a faster recovery, but the major diffi cul-
ties for return to play lie in the lack of reliable investigations 
to ascertain that the repaired meniscal tears have healed. 
These protocols are based on new knowledge regarding heal-
ing mechanics and biology: the action of mechanical forces 
could drive the formation of meniscal repair tissue as occurs 
with bony callus formation [ 120 ,  123 ].     
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38.1             Anatomy 

 The menisci, also known as semilunar cartilages, are wedge- 
shaped fi brocartilage structures. Both the medial (MM) and 
the lateral (LM) meniscus assume their shapes early in the 
prenatal development [ 1 ] and are identifi able around the sev-
enth/eighth gestation week [ 2 ]. 

 Adult LM is approximately 32.4–35.7 mm in length and 
26.6–29.3 mm wide, while the MM is 40.5–45.5 mm long 
and 27 mm wide [ 3 ]. LM displays greater variability in size, 
shape, and thickness compared to the MM. Moreover, the 
LM has a more uniform width and a more circular shape than 
the MM, and it covers 70 % of the lateral tibial plateau while 
the MM about only 50 %. 

 The intermeniscal ligament connects the anterior horn of the 
LM and MM and can be noted on MR images in 44–58 % of 
individuals [ 4 ]. It has been described that some of the anterior 
cruciate ligament (ACL) fi bers also extend into the anterior 
horn of the LM at the anterior root attachment. The posterior 
horn is connected to the posterior cruciate ligament (PCL) and 
the medial femoral condyle through the meniscofemoral liga-
ment of Wrisberg (posteriorly) and Humphrey (anteriorly). 

 The LM is also linked to the popliteus tendon [ 5 ]. During 
fl exion and internal rotation movements, the popliteal tendon 
retracts the posterior horn, reducing the risk of entrapment of 
the LM between the femur and the tibia. Overall, the LM results 
more mobile than the MM; the lack of attachment to the lateral 
collateral ligament also contributes to the increased mobility. 

 The blood supply of the LM originates from the lateral 
superior and inferior genicular arteries that reach the menis-
cus from the synovial membrane. Similarly to the MM, the 
blood supply is higher in the peripheral one third of the 
meniscus. Interestingly, beginning at birth, there is a pro-
gressive decrease of blood supply proceeding from the inner 
to the outer regions. At the age of 10, some vessels are still 
present in the inner zones, but in the adult meniscus, the 
inner two thirds are avascular [ 6 ]. 

 The microanatomy of the LM is similar to the MM: a net-
work of type I collagen fi bers is arranged in a circumferential 
direction, while another network of radially oriented fi bers, 
extending from the capsule, restrain the motion between the 
circumferential fi bers, preventing splitting from longitudi-
nally directed stress forces [ 7 ]. 

 From a biomechanical standpoint, the menisci are 
dynamic structures, and their integrity is crucial for the 
kinematics of the knee joint. The fi brocartilage of the 
meniscus has the primary function of absorbing mechanical 
stress (about 50 % of the load is transmitted to the menisci) 
and contributes to the intrinsic stability of the knee. It has 
been reported that when the knee is fl exed beyond 90°, 
about 90 % of the load is transmitted to the posterior horn 
of the LM and MM [ 8 ]. Lastly, it should be also highlighted 
that the fi brocartilage of the meniscus has an intrinsic pro-
prioceptive function [ 9 ,  10 ]. 

38.1.1     Lateral Meniscal Variants: 
The Discoid Meniscus 

 The discoid meniscus is a morphologic abnormality fi rst 
described by Young in 1889 [ 11 ] occurring almost exclu-
sively on the lateral side. The prevalence among the patients 
undergoing knee arthroscopy is reported to be 0.4–20 %. 
Both genders are equally affected. Asian population has the 
highest reported rate, while the reported incidence rate in 
the American population ranges between 3 and 6 % [ 12 ]. 
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 In 1978, Watanabe et al. [ 13 ] proposed a classifi cation 
system that is still commonly used. The authors described 
three different types based on the shape and attachments of 
the LM:
•    Complete discoid: disk-shaped meniscus with a thin cen-

tral portion covering the tibial plateau entirely  
•   Incomplete discoid: semilunar-shaped meniscus with par-

tial tibial plateau coverage  
•   Wrisberg type: hypermobile meniscus resulting from 

defi cient posterior attachment and lack of the posterior 
tibio-meniscal ligaments (the only attachment posteriorly 
is the posterior meniscofemoral ligament)    
 However, although this classifi cation system is widely 

utilized, recent studies [ 14 ] have shown signifi cant variabil-
ity in discoid meniscal size, shape, stability, and location of 
peripheral attachment. The prevalence of a “true” Wrisberg- 
type meniscus has been reported to range from 0 to 33 % 
[ 15 ]. Other studies [ 16 ,  17 ] reported of unstable discoid 
meniscal variations that cannot be included in the traditional 
classifi cation. 

 Klingele et al. [ 18 ] have recently proposed a simplifi ed 
classifi cation scheme based on three factors: shape (com-
plete or incomplete discoid), stability (stable or unstable 
due to lack of posterior attachments), and presence of a tear. 
This scheme seems to be helpful when planning the surgical 
treatment. 

 Usually, discoid LMs are thicker and have poorer vascu-
larity compared to normal LM. In addition, they have a high 
prevalence of instability due to lack of peripheral attach-
ments. Klingele et al. studied the prevalence and type of 
peripheral instability reporting peripheral instability in 
28.1 % of discoid LM in children. The instability was more 
common in complete discoid menisci (38 %), and the ante-
rior detachment was more commonly seen than middle or 
posterior detachment (47.2 % vs. 11.1 % and 38.9 %, 
respectively). 

 Papadopoulos et al. [ 19 ] recently demonstrated signifi cant 
disorganization of the circumferential collagen network in the 
discoid meniscus and postulated that this disorganization 
might weaken the ultrastructure of the discoid meniscus. 

 The abovementioned factors seem to increase the risk of 
tearing as a result of mechanical and shear forces in the tib-
iofemoral joint [ 20 ,  21 ].   

38.2     Injury Epidemiology 

 Sports injuries are twice more frequent than car accidents, 
and the 32.6 % of these injuries affect the knee [ 22 ]. 

 Majewski et al. [ 23 ] have documented over 19,530 sports 
injuries during a period of 10 years; meniscal injuries were 
14.5 % (MM 10.8 %, LM 3.7 %) and were the second cause 
of surgery with an incidence of 61/100.000. 

 Meniscal injuries have a higher incidence rate in soccer, 
 volleyball, basketball, and baseball [ 24 – 26 ]. Yeh et al. [ 27 ], in 
a study on National Basketball Association (NBA) athletes 
including the injury reports of 21 seasons, reported that injuries 
of the LM had a stronger correlation with the number of games 
played compared to injuries of the MM. The authors also 
reported a signifi cant correlation between age and injury rate: 
LM injuries were seen more frequently in younger athletes, 
while MM injuries were more common in older players. 

 Terzidis et al. [ 28 ], in a study group of 378 patients with an 
isolated LM meniscal tear who had undergone surgery, reported 
an incidence of 32.7 % of radial and 25.8 % of horizontal tears. 
The 91.4 % of tears were in the inner zone and more frequently 
in the body (61.2 %). Isolated tear of horns were less frequent, 
but the anterior horn of the LM was more frequently involved 
than the anterior horn of the MM (16 % vs. 2 %) [ 29 ]. 

 One third of meniscal lesions are associated with an ACL 
injury. While MM tears seem to be correlated with chronic 
ACL defi ciency, LM tear are more commonly seen in the 
setting of an acute trauma. Interestingly, Slauterbeck et al. 
[ 30 ], in a group of patients with an ACL-defi cient knee, 
found 65 % of meniscal lesions: 52 % were isolated tears of 
the LM, 22 % were isolated tears of the MM, and 26 % were 
concomitant lesions of the MM and LM. 

 In recent years, there has been a growing interest toward 
meniscal root tears because of the concerns that this con-
dition dramatically inhibits the normal meniscal function, 
leading to a condition biomechanically similar to a total 
meniscectomy. This condition includes pure meniscal root 
avulsion from the tibial plateau and a radial tear adjacent to 
the meniscal root. Meniscal root tears are generally infre-
quent, accounting for approximately 10 % of all arthroscopic 
meniscectomies [ 31 ]. In a recent case series of 388 ACL 
reconstruction surgeries, it was found that 27 cases (6.95 %) 
had a concomitant posterior LM root tear. Posterior LM root 
tears are classifi ed based on arthroscopic fi ndings in type I 
(oblique fl ap), type II (T shape), type III (longitudinal cleav-
age), and type IV (chronic inner loss) [ 32 ].  

38.3     Clinical and Diagnostic Examination 

38.3.1     Injury Mechanism in Meniscus 
Pathology 

 Meniscal injuries, particularly sports-related injuries, are 
usually caused by rotational forces. A hyperfl exion of the 
knee (i.e., squatting) can sometimes be the cause of the 
tear. The most common traumatic mechanism combines a 
valgus or varus force applied to a fl exed knee with the foot 
planted. In particular, a varus force applied on a fl exed knee 
with the foot planted and the femur externally rotated may 
lead to an LM tear. 
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 Sometimes a direct contact with another player might 
induce this abnormal motion on the player’s knee, but most 
often an indirect trauma (twisting motion) is responsible of 
the tear. 

 On the other hand, degenerative meniscal lesions often 
occur in the absence of a traumatic event but are the result of 
a “wear and tear” process.  

38.3.2     History 

 Obtaining an accurate and detailed history is the fi rst critical 
step in patient’s evaluation. History taking should include 
information about the onset of symptoms (acute vs. chronic), 
quality and severity of pain (dull vs. sharp, constant vs. inter-
mittent, mild vs. severe), location (joint line, posterior), con-
tributing factors (activity related, squatting), etiology and 
mechanism of injury, associated injuries, and previous treat-
ments. Age, type of work, activity level, and sports participa-
tion should also be investigated. 

 In traumatic meniscal tears, patients typically recall an 
acute onset of pain following a twisting injury or deep fl ex-
ion event. Joint line pain is commonly reported. A typical 
history in traumatic meniscal tears includes effusion devel-
oping immediately after the injury and subsequently being 
activity related. Limitation in sports and daily activities 
(squatting, doing stairs) is often reported. Presence of 
mechanical symptoms (locking, clicking, catching) should 
be investigated, with locking suggestive of a bucket-handle 
tear. Episodes of giving way are sometimes reported but are 
often related to associated knee disorders, such as instability 
or quadriceps weakness. 

 A longer history of pain, swelling, and mechanical symp-
toms is suggestive of degenerative meniscal pathology. 
These symptoms, most often in middle-aged patients, are 
usually intermittent and activity related. 

 Patients with a discoid meniscus have a highly variable 
presentation. In pediatric patients and adolescents, pain on 
the lateral joint line is the commonest complaint and is often 
associated to clicking over the lateral side. Recurrent effu-
sions and episodes of locking may also be present. Other 
younger patients report of a painless knee clunk and lack of 
terminal knee extension. Discoid meniscus is usually asymp-
tomatic in adults, unless a tear occurs.  

38.3.3     Physical Examination 

 Patient’s walking should be observed looking for limping 
or antalgic gait. Patients with a locked meniscal tear will 
present with a flexed knee. In standing position, the 
alignment (neutral, varus, or valgus) should also be 
evaluated. 

 With the patient supine, a careful examination of the knee 
should be performed looking for concomitant injuries as 
well. Signs suggestive of a meniscal tear are effusion, joint 
line tenderness, and pain on deep fl exion. Often a painful 
clicking and loss of range of motion (ROM) are present. 
A reproducible clicking at 110° fl exion is often noted in 
patients with a discoid meniscus. Lack of extension is typi-
cally seen in patients with a locked knee due to a displaced 
fragment in the joint (bucket-handle tear) or in patients with 
an unstable discoid meniscus. 

 Special tests (McMurray, Apley, and Thessaly) are help-
ful in confi rming the clinical diagnosis. The McMurray test 
is performed with the patient supine. With the knee in maxi-
mal fl exion, one hand palpates the joint line while the other 
hand holds the heel; the knee is slowly brought into exten-
sion while a rotation stress is applied (internal rotation stress 
tests the LM, external rotation tests the MM). The test is 
positive when pain in the appropriate joint line accompanied 
by a click is elicited. 

 The Apley’s compression test is performed with the 
patient in prone position. The knee is fl exed to 90° and axial 
force is applied through the heel along the tibia, while the 
tibia is internally and externally rotated. The test is consid-
ered positive when elicits pain. 

 The Thessaly test [ 33 ] is a dynamic test performed with 
the patient standing. With the examiner holding the patient’s 
outstretched hands, the patient is asked to internally and 
externally rotate the knee, while keeping the knee in slight 
fl exion (5°). The same maneuver is repeated with the knee 
fl exed at 20°. Test is positive when patients report of medial 
or lateral joint line pain, with sometimes associated clicking 
or catching. The test should always be performed fi rst on 
the normal knee so that the patient understands and performs 
correctly the procedure. 

 Finally, a complete knee stability evaluation (Lachman, 
anterior drawer, pivot shift, posterior drawer, sag sign, varus- 
valgus stress) should be performed to rule out associated 
ligament injuries.  

38.3.4     Imaging 

 Although not useful for the diagnosis of meniscal tears, stan-
dard x-rays, including weight-bearing anteroposterior view, 
45° fl exion posteroanterior view, lateral view, and Merchant 
view, should be ordered to rule out concomitant pathologies, 
such as osteochondral lesions, arthritis, or fracture (i.e., 
Segond fracture) in the setting of a traumatic onset. 

 Magnetic resonance imaging (MRI) is a highly accu-
rate imaging method in detecting meniscal tears. It allows 
determining meniscal morphology (normal and variants), 
the location of the tear (anterior horn, posterior horn, body), 
the tear pattern (horizontal, longitudinal, radial, complex, 
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menisco-capsular separation), as well as concomitant chon-
dral or ligamentous injuries. 

 The sensitivity of the MRI in detecting LM tears is 80 % 
versus 93 % for the MM. The sensitivity is even lower in 
detecting avulsions of the posterior root of the meniscus 
(root lesions) (Fig.  38.1 ), which most often are diagnosed at 
the time of arthroscopy. The percentage of false negative sta-
tistically increases when associated lesions, in particular 
ACL tears, are involved [ 34 ].  

 Stoller et al. [ 35 ] proposed an MRI classifi cation of 
meniscal tears based on signal intensity and extension of the 
articular surface (see Table  38.1 ).

   A complete discoid meniscus can be easily recognized on 
MR images because of its disk-like confi guration. On the 
other hand, the recognition of an incomplete discoid menis-
cus may be more diffi cult. Typically, it involves only the pos-
terior or anterior horn of the meniscus, and a trapezoidal 
appearance is seen. 

 A linear-increased signal communicating with the 
 articular surface of a discoid meniscus is highly suggestive 
of meniscal tear.   

38.4     Therapeutic Approach 

 The increased knowledge of the anatomical and functional 
importance of the menisci has radically modifi ed the thera-
peutic approach to meniscal lesions. 

 Time has long passed since McMurray affi rmed “a 
common error is the incomplete removal of the injured 
meniscus.” This was based on the theory that the residual 
meniscus had a role in promoting the progression of knee 
arthropathy [ 36 ]. 

 The modern approach to meniscal injuries in athletes and 
active patients is based on studies that have extensively dem-
onstrated the negative impact that meniscectomy has on the 
articular cartilage, in particular in the lateral side of the knee. 
In a study with a 13-year follow-up, a 40 % reduction in the 
lateral joint line was seen after meniscectomy, while it was 
28 % for the medial joint line [ 37 ]. This is related to the dif-
ferent anatomy and joint congruence between the lateral and 
the medial side of the knee. 

 Studies on biomechanical changes arising in the knees 
after a meniscectomy show that there is a 235 % increase of 
loads on the articular cartilage in the lateral side and 75 % in 
the medial side, with consequent biochemical and structural 
modifi cations in the cartilage tissue [ 38 ]. A published study 
reported that at a 30-year follow-up, 80 % of subjects who 
had undergone a total medial meniscectomy were satisfi ed 
with the outcomes of the procedure versus 47 % of subjects 
who had undergone a lateral meniscectomy [ 39 ]. 

 Athletes are statistically more at risk to develop degenera-
tive changes following meniscal lesions and consequent 
meniscectomy. The incidence of arthritis after meniscectomy 
is 15 % in professional soccer players versus 4 % in nonpro-
fessional, while this rate is only 1.6 % in individuals who do 
not participate in sports. X-rays show signs of early arthritis 
already after 4.5 years. Arthritic changes are more evident 
after 14.5 years in 89 % of the athletes, with 46 % of them 
abandoning competitions due to pain [ 40 – 42 ]. Poor out-
comes after meniscectomy are seen especially in profes-
sional volleyball players [ 43 ]. 

 Therefore, based on the evidence available in the interna-
tional literature, the surgical treatment of meniscal lesions in 
athletes has become less radical. Meniscal repair with the 
different suture techniques available is an option and is 
always taken into consideration in order to preserve meniscal 
function and prevent the degeneration of cartilage surfaces. 
However, when a meniscal repair is preferred, surgeons, ath-
letes, and staff together should consider two fundamental 
aspects: the variable time frames in the rehabilitation pro-

  Fig. 38.1    Lateral meniscal root tear (MRI sagittal view)       

   Table 38.1    MRI classifi cation of meniscal tear (Stoller et al. [ 35 ])   

 Grade  Pattern 

 Grade 0  Normal homogeneous low signal intensity 
 Grade 1  Nonarticular focal or globular intrasubstance increased 

signal 
 Grade 2  Linear intrasubstance increased signal, which does not 

involve articular meniscal surface 
 Grade 3  Increased signal intensity communicating at least with 

one articular meniscal surface 
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gram/return to sport after the repair and the possibility of the 
failure of the repair with the risk of a second surgery. 

 The indication to treat a meniscal tear is based primarily 
on the patient history and physical examination. A torn 
meniscus that does not show a clinical pattern of pain and 
functional limitation may be treated conservatively. This 
decision is supported by the proven capacity of spontaneous 
healing in some types of meniscal lesions in the red-red zones 
(noncomplex longitudinal or vertical tears) [ 6 ,  44 – 46 ]. 

 When dealing with a symptomatic traumatic LM tear in an 
athlete, the surgical treatment is indicated (Fig.  38.2 ). Acute 
LM lesions in the red-red or red-white zones may be treated 
with all-inside, inside-out, outside-in meniscal sutures, in rela-
tion to the morphology and site of the lesion. A meniscal suture 
is performed for a recent lesion in the red zone, in a stable knee, 
or when associated to an ACL reconstruction in a young and 
active individual. In the last decades, tissue- engineering 
approaches have been advocated to improve the reparative pro-
cess. The use of growth factors seems in facts able to improve 
the meniscal healing [ 47 ,  48 ]; nevertheless, further studies are 
needed to evaluate the potential for clinical application.  

 Meniscal sutures, however, impose some postoperative 
restrictions that have to be accepted and respected by the athlete 
and the staff in order to reduce the risk of failure. In absence of 
a complete understanding and approval by the athlete and the 
team of the recovery time foreseen after surgery, the meniscal 
repair of the MM should not be taken into consideration; there-
fore, the only surgical option would be a meniscectomy. 

 In literature, the percentage of failures for meniscal 
repair ranges between 5 and 43 % (mean 15 %). Failures 
for MM repairs are statistically higher than those reported 
for the LM [ 49 ]. 

 Several medium- and long-term follow-up studies 
 analyzing the comparative results between partial meniscec-
tomy and meniscal repair for traumatic lesions in athletes 
show that 96 % of the athletes who underwent a meniscal 
repair return to pre-injury activity level compared to 50 % of 
athletes who underwent meniscectomy [ 50 ]. 

 In 2011, Paxton et al. published a literature review ana-
lyzing the long- and short-term outcomes of partial menis-
cectomy versus meniscal repair for acute meniscal tears. In 
the long term, 3.7 % of patients who had undergone partial 
meniscectomy had to undergo a second surgery; the inci-
dence was greater for LM lesions compared to medial 
lesions. On the other side, the percentage of meniscal repair 
failures was 20.7 % with a higher rate reported for the MM 
compared to the LM. The long-term outcomes, in terms of 
functional recovery and x-ray fi ndings, were better in indi-
viduals who underwent meniscal repair [ 51 ]. 

 In selected cases, when athletes develop a “post- 
meniscectomy syndrome” secondary to a previous subtotal 
meniscectomy, a meniscal transplant with allograft (MAT: 
meniscus allograft transplantation) would be indicated with 
the aim to improve patients’ symptoms and quality of life 
and prevent arthritis. A study by Cugat et al. analyzing the 
outcome of this procedure in 15 professional soccer players 
reported that 14 out of the 15 athletes were able to return to 
sports at a 36-month follow-up [ 52 ].  

    Conclusions 

 Based on the evidence from the available international lit-
erature, the treatment of meniscal lesions in athletes 
should be aimed to the preservation of the LM, favoring 
meniscal repair techniques. This would lead to a decreased 
risk of cartilage degeneration and progression toward 
osteoarthritis. On the other hand, it has also been shown 
that this approach ensures higher sport performance in the 
long term. 

 However, the athletes and the teams should be care-
fully informed and should understand that the meniscal 
repair is associated with a longer recovery time compared 
to a meniscectomy. Moreover, they should be aware of the 
possibility of a second surgery in the case of failure of the 
repair or if meniscal healing does not occur.     
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39.1             Aetiology 

 Loss of cartilage function may lead to a painful joint with a 
decreased mobility. Several factors, i.e. epidemiological, 
biochemical and morphological, are associated with carti-
lage destruction; however, only trauma is known directly to 
cause osteoarthritis [ 1 – 5 ]. It is well known that once the car-
tilaginous tissue has been destroyed, the intrinsic reparative 
ability is poor; therefore, it is extremely important to increase 
knowledge about the cartilage, the tissue reaction to trauma 
and the intrinsic attempts to repair the defects as well as 
extrinsic methods. 

 Trauma to this viscoelastic unit can be either as:
•    Direct contusion  
•   Rotational indirect shearing forces  
•   Gradual trauma on the tissues as seen after repeated 

microtrauma, instability and overweight    
 Meniscal injuries and unstable cruciate ligaments could 

induce pathological load on the surfaces infl uencing the joint 
homeostasis with cartilage loss as a result [ 2 ,  5 ]. 

39.1.1     Cartilage Layers and Injury Mechanism 

 Cartilage consists of four separate layers or zones [ 1 ]. The weak-
est part of the cartilage layer is the zone between the calcifi ed 
layer and overlying cartilage. Due to such a weakness between 
the layers, the lesions often penetrate down to the calcifi ed layer 
in adult joints making lesions in adults to partial-thickness 
lesions. In a juvenile joint, the calcifi ed layer is poorly developed 
which results in deeper injuries often osteochondral injuries. 

 Most often the injuries are a combination of rotational 
and compressive forces. 

 It is important to differ between chondral and osteochon-
dral injuries. The chondral injuries are more diffi cult to 
detect as they are not visible on normal x-rays, while osteo-
chondral injuries may be noted due to its bony involvement.   

39.2     Clinical and Diagnostic Examination 

 Articular cartilage injuries are common fi ndings during 
arthroscopy and diagnostic imaging of the joints [ 6 ]. The 
examiner should interview the patient in order to collect the 
injury history. The patient’s history is vital when to diagnose 
a knee injury. 

 Cartilage injuries give rise to symptoms with similarities 
of symptoms from meniscal tears, and differentiating 
between articular cartilage damage and meniscal tears can 
subsequently be diffi cult. 

 For the clinical examination, of importance are:
•    Patient’s trauma history or history of pain and disability 

development  
•   Occurrence of joint swelling  
•   Pain at rest + pain in motions with or without weight 

bearing  
•   Locking or catching of the joint  
•   Instability,    “giving way” phenomena  
•   Earlier joint trauma  
•   Concomitant diseases    

39.2.1     Imaging 

39.2.1.1     Plain x-rays 
 Plain radiographs are useful for diagnosing severe cartilage 
injuries but are not of any help for detecting localised articu-
lar cartilage lesions of the knee. Attempts should be made to 
obtain all knee anteroposterior (AP) radiographs with the 
patient standing [ 7 ]. 

      Cartilage Injury Treatment 
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 The standard series includes a:
•    Standing AP view.  
•   Lateral view with the knee fl exed 35°.  
•   45° patellar sunrise view.  
•   Lateral radiographs may indicate OCD or impaction frac-

tures of the femoral condyles.  
•   If an area looks suspicious for OCD, an intercondylar 

notch (tunnel) view should also be obtained.     

39.2.1.2     CT Arthrography 
 It is useful to study the extent of an osteochondral injury with 
the use of spiral CT 3D reconstructions. If one adds a CT 
arthrography, it is possible to evaluate the overlying cartilage 
layer and fi ssures and cracks on the surface [ 7 ].  

39.2.1.3     MRI 
 MRI is a clinically useful, effi cient and reliable technique for 
detecting cartilage defects and is also excellent for visualis-
ing menisci, ligaments, soft tissues and bones [ 8 ,  9 ]. 

 MRI of articular cartilage lesions is best performed using 
high-magnetic-fi eld-strength (1.5 or 3.0 Tesla) scanners. 
Higher fi eld strength results in higher signal-to-noise ratio, 
enabling thinner slice and higher spatial resolution imaging, 
both of which are key factors for optimal articular cartilage 
visualisation. 

 Delayed gadolinium-enhanced MRI of cartilage 
(dGEMRIC) is an imaging technique used to evaluate 
articular joint cartilage glycosaminoglycan content and of 
less interest detecting cartilage damage after trauma [ 10 ]. 
Similar situation is with measurement of cartilage T2 (T2 
mapping) which detects early signs of structural changes 
of the extracellular matrix and monitors these changes 
over time [ 10 ]. 

 With magnetisation transfer (MT), it is possible to get 
quantitative and qualitative information on the collagen sta-
tus of the damaged cartilage, and the technique may be 
applied for the routine monitoring of normal and abnormal 
articular cartilage    (Fig.  39.1 ) [ 11 ].   

39.2.1.4     Technetium Scintigraphy 
 In chronic medial knee pain, increased tracer uptake in bone 
scintigraphy is more sensitive for medial knee pain than bone 
marrow oedema pattern on MRI. Scintigraphic examination 
could be used when patients after trauma do not show any 
signifi cant injury on MRI while still in considerable pain 
[ 12 ,  13 ]. 

 Single-photon emission computed tomography (SPECT) 
[ 14 ] could be used to assess the physiology and homeostasis 
of subchondral bone adjacent to untreated and treated articu-
lar cartilage defects.    

39.3     Operative Interventions 

39.3.1     Arthroscopy 

 Despite signifi cantly improved detection with MR, still 
arthroscopy evaluation is the gold standard. 

 However, even arthroscopy has its limitations [ 15 ]. 
 When we have a patient    with disturbed joint function and 

pain and is planning an arthroscopy, fi rst of all, we need to 
classify the lesions to:
    1.    Location and grade (use the ICRS classifi cation system 

[ 16 ])   
   2.    Size   
   3.    Morphology/character    

  Furthermore, the surgeon should try to fi nd out the 
aetiology of the lesion. Is it a lesion due to    trauma and is 
it acute or and elderly lesion, chronic lesion? The carti-
lage lesions should also be evaluated in relation to con-
comitant injuries such as ligament injuries, meniscal 
damage and sinusitis. 

 Use a standard arthroscopic probe to examine the joint 
surface to determine cartilage quality. The surgeon needs to 
carefully palpate fi ssures and tissue surrounding defect to 
determine integrity of surrounding cartilage. Using a gradu-
ated probe, measure the anterior-posterior and medial-lateral 
dimensions of each defect. 

 To decide what kind of treatment to choose, the surgeon 
needs to estimate:
    1.    Patients’ age and activity level   
   2.    The degree of pain and disability that the patients are 

experiencing   

  Fig. 39.1    An MRI on a left knee showing a cartilage lesion on the 
medial femoral condyle. See  arrow        
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   3.    Location of cartilage lesions and the size and depth of 
cartilage lesions   

   4.    Coexisting joint pathology such as loss of meniscus, liga-
ment insuffi ciency, bone loss and malalignment   

   5.    Other concomitant diseases     
 Furthermore, the following must    be considered:

    1.    Body weight or body mass index (BMI).   
   2.    Demand and functional need.   
   3.    Expectation.   
   4.    Ability to comply with rehabilitation.   
   5.    An increased BMI (greater than 30) may have an adverse 

effect on some cartilage repair procedures [ 17 ].   
   6.    Smoking may impair cartilage repair processes [ 18 ,  19 ].    

  Typically, the patients to treat are those with symptoms of 
pain, swelling and catching/locking and with the following 
appearances [ 16 ,  20 ]:
•    Isolated cartilage defects ICRS grades 2–4 > 1 cm 2  on 

weight-bearing surfaces  
•   Cartilage defects with concentrated high uptake of tech-

netium at the lesion size or similar with long-standing 
concentrated bone marrow oedema    
 Related to studies, early treatment of those lesions might 

be important for a more successful outcome.
•    ICRS grade 1 lesions are superfi cial fi ssures and cracks 

and need no treatment.  
•   ICRS grade 2 lesions down to less than 50 % cartilage 

depth are often unstable, with partly detached fragments 
that need to be debrided to form stable lesions. The prog-
nosis for ICRS-2 partial-thickness lesions seems good 
with diminished mechanical symptoms following a sim-
ple debridement that involves excision of the unstable 
cartilage fragments back to smooth edges and leaves the 
base intact [ 16 ,  20 ].  

•   In the literature, the deep to bare-bone lesions seem trou-
blesome [ 21 ]. Lesions that extend through >50 % of the 
cartilage thickness are classifi ed as ICRS-3 a–d. While 
debridement of unstable edges (as is suggested for ICRS-2 
lesions) is suitable for ICRS-3 lesions, further treatment 
is recommended for these more extensive lesions [ 20 ].    
 Osteochondral ICRS-4 lesions can be treated in the same 

manner as described for ICRS-3 lesions, but a lesion with exten-
sive extensions into the bone may require bone grafting [ 20 ,  22 ].  

39.3.2     Cartilage Defects with Concomitant 
Joint Injuries 

 Cartilage lesions that are found together with other injuries 
have to be related to the severity of the other injury/injuries. 
If the cartilage lesions are suspected to be part of the 

 symptomatology, they are treated the same way as the 
 isolated lesions. 

 If instability is the major symptom from an ACL-defi cient 
knee with small- to medium-size cartilage lesion without 
subchondral reaction, such a lesion may be left untreated. 

 If, however, the joint besides the ACl injury also has a 
major loss of the menisci and a cartilage lesion with instabil-
ity and pain, the evaluation and decision is more diffi cult. 
Without damaged cartilage, such a knee joint might function 
well without ACL reconstruction and meniscal grafting. 
Instead, with all three areas destroyed, the joint is in danger 
to develop into OA. In such a situation, the cartilage lesion 
treatment may need to be supported by the meniscal and 
ACL grafting at the same time for a maximal protection of 
injured articular joint [ 23 ,  24 ].   

39.4     Treatment Strategy 

 The prevalence of focal articular cartilage lesions among 
athletes is higher than in the general population [ 25 ]. 
Furthermore, the treatment goals differ considerably between 
the professional and recreational athletes. The high costs for 
the sports activities and involved professional clubs and the 
short duration of a professional career infl uence the treat-
ment selection for the professional athlete with less infl uence 
in recreational sports. 

 Treatment goals also differ between recreational and pro-
fessional sports players. Recreational players mostly hope 
for a relief of pain, return of functionality and, if possible, 
some sports participation, while professional players need a 
fast return to their previous, high-demanding, activity level 
without any delay. In the literature of reported results, ACI 
and osteochondral autografts seem to lead to a better struc-
tural tissue repair, and such a repair would be of interest to be 
able to perform at top again after trauma [ 26 – 28 ]. 

 But in spite of such facts, ACI and OAT are not the treat-
ments of fi rst choice among professional athletes. 

39.4.1     The Operative Alternatives 

39.4.1.1     Microfracture and Other Bone Marrow 
Stimulation Techniques 

 Due to the long rehabilitation time after ACI, microfracture 
is most often considered the fi rst treatment option among 
professional sportsmen. In studies, microfracture has shown 
a statistically signifi cant improvement from baseline in func-
tional outcome, pain scores and Tegner activity levels after at 
least 1-year follow-up among professional football (soccer) 
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players and other athletes [ 29 ]. Furthermore, the technique 
is fairly easy to use and cheap. Microfracture can also be 
used in combination with scaffold augmentations such as 
variants of AMIC (membrane protecting the microfractured 
area) [ 30 ] and scaffolds for cell ingrowth like Hyalofast [ 31 ] 
and blood clot augmentations (BST-CarGel) [ 32 ]. Different 
synthetic porous cylindrical grafts [ 33 – 35 ], biomimetic mul-
tilayer grafts [ 36 ] and BMAC (bone marrow aspirate concen-
trates) [ 37 ] are also possible but less useable for  high- level 
sportsman.  

39.4.1.2     Osteochondral Grafts 
 The osteochondral autograft transfer technique (OAT) 
showed superior clinical results compared to microfracture 
in a randomised study among both professional and recre-
ational athletes [ 38 ]. Also, prospective case series show good 
clinical results up to 17-year follow-up in a mixed athletic 
population [ 39 ]. To use osteochondral grafts (OAT), having a 
shorter mean rehabilitation time compared to both micro-
fracture and ACI could also be an alternative instead of 
microfracture when a short rehabilitation time is of interest. 
The technique is fairly cheap    but may be diffi cult to use tran-
sarthroscopically as not all lesions reachable by microfrac-
ture could be treated by OAT. 

 Osteochondral allografts are normally not indicated for a 
sportsman to return to his/her earlier level. However, new 
technologies like DeNovo NT with allograft particulate car-
tilage transplantation [ 40 ] with similarities to below- 
mentioned CAIS [ 40 ,  41 ] might be of interest for the 
sportsmen.  

39.4.1.3     ACI 
 ACI showed an improvement from baseline in functional 
outcome and pain scores and an even higher good to excel-
lent treatment success in professional football (soccer) play-
ers and adolescent athletes compared to microfracture 
(66–83 % for microfracture vs. 72–95 % for ACI). Also, 
Tegner activity levels were signifi cantly higher after ACI in 
football (soccer) players [ 42 ,  43 ]. The negative part for the 
athlete is the long rehab time needed. 

 If ACI is the treatment of fi rst choice, a surgical debride-
ment of injured cartilage area with an additional cartilage 
biopsy may be indicated to relieve symptoms during the 
ongoing series. The implantation may then be planned after 
the patient’s wishes and related to the seasons (Fig.  39.2 ).  

 An interesting alternative is the fourth-generation ACI 
with fragmented cartilage implanted under a resorbable 
membrane (CAIS). The technique can be done in one stage, 
but the rehab time is equal compared to fi rst- to third- 
generation ACIs [ 40 ,  41 ]. 

 Mithoefer et al. showed that the average time to return to 
professional sports is highest after ACI (18 ± 4 months; range, 
12–36 months) compared to microfracture (8 ± 1 months; 

range, 2–16 months) and OAT (7 ± 2 months; range, 4–11 
months) [ 26 ].   

39.4.2     Non-biological Local Repairs 

 Mini metal arthroplasties    (MMA) with small custom-made metal 
implants [ 44 ,  45 ] treatment place in the sportsmen is also diffi cult 
to tell. It might be a solution for the recreational sportsmen, but 
more and longer follow-ups are needed to be able to give advice.  

39.4.3     General Comments 

 For professional football (soccer) players and other high- 
level athletes with symptoms <12 months, Mithoefer et al. 
found a better clinical outcome and greater return to sports 
after microfracture as well as ACI [ 42 ,  43 ]. 

 Also, when treated with OAT, the chronicity of the lesion 
seemed important on clinical outcome and return to sports. 

 From the sportsman’s point    of view, microfracture or 
variants of transarthroscopic bone marrow stimulation tech-
niques are reasonable choices as they are safe and simple 
techniques and allow careers to continue for some more 
years. During the operative procedure, it is important to fast 
stabilise the fragmented cartilage defect. A cartilage biopsy 
may be taken for a future ACI. 

 The other alternative is an osteochondral graft related to 
the faster rehab time compared to microfracture. However, it 
is important    to remember that with focal lesions >2 cm 2 , 
microfracture and OAT showed signifi cantly worse clinical 
outcomes and a lower return to high-level sports when com-
pared to lesions <2 cm 2  [ 28 ]. 

 In contrast, with ACI, no infl uence on lesion size and 
clinical outcome or return to sports participation has been 
found, which indicates that for larger lesions, ACI is the 
treatment option of fi rst choice for both professional and rec-
reational sports athletes [ 28 ].   

39.5     Rehabilitation and Return to Play 

 A return to the preinjury sports activity level is much more 
important when dealing with high-level athletes compared to 
the recreational sportsmen. However, in today’s community 
more and more people are active at higher and higher ages. 
The activities for the recreational people are also more 
demanding, meaning that also recreational sportsmen have 
high demands on their joint restoration. 

 Also it is important to remember    that Mithoefer et al. 
showed a decline in sports performance and participation, 
after full rehabilitation, for microfracture-treated athletes in 
47 %, while at least 87 % of ACI-treated professional  football 
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(soccer) players remained at their previous sports level after 
rehabilitation for an average of 52 months [ 29 ,  43 ]. 

 A longer rehab in time may then subsequently be worth-
while to sustain knowing that you will have a better chance 
to remain at your previous level. 

39.5.1     The Rehabilitation Process 

 The concept of a slow gradual time course of healing is criti-
cal to understand for the rehabilitation following cartilage 
repair. If the intra-articular environment is protective, the 
maturation of this tissue, an ongoing process of remodelling 
of the tissue, will continue. However, if the repaired area is 
overloaded, failure can occur. 

 There is a degree of individual variation with the rehabili-
tation process, so the programme needs to be designed 
according to:
•    The patient’s status and needs  
•   The size and location of the lesion  

•   Any possible concomitant procedures performed    
 It is critical that there is regular contact between the phy-

sician, patient and therapist, especially during at least the 
fi rst 24 months following a cartilage repair process. 

 In the early steps after the repair, it is important to avoid 
twisting rotational shearing forces. Introduced also in the 
beginning are:
•    Continuous passive motion and a gradually increased 

weight bearing  
•   Isometric quadriceps training  
•   Straight leg raises  
•   Hamstring strengthening    

 These training components are progressively advanced to 
resistance exercises    and return to greater degrees of func-
tional activities. 

 From 3 weeks post-op:
•    Start progressive closed-chain exercises with light 

resistance.    
 From around 8 weeks:

•    Open-chain exercises can be initiated.    

  Fig. 39.2    The cartilage lesion in Fig.  39.1  is treated by transarthroscopic ACI with hyaluronan cell-seeded scaffold       
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 Running is not advised until the 8th or 9th month post 
ACI with high-level activities being initiated at 12th month. 
Such activities may be started at ca 4–6 months post micro-
fracture treatment in small loaded defects <1 cm 2  but the 
same restriction for all repair techniques when lesions are 
larger than 2 cm 2 . 

 Rehabilitation for patellar or trochlear lesions requires 
special considerations to still obtain early motions while pro-
tecting the forces across the repair tissue. Contact pressure of 
the patellofemoral articulation is maximised between 40° 
and 70° of knee fl exion and thus should be avoided during 
active knee fl exion until the graft is mature enough to with-
stand these shear stresses. Exercises to promote patella 
mobility should be initiated early to help prevent adhesions. 

 Passive motion with CPM or by using the contralateral 
leg to extend the involved leg is allowed and encouraged. 
The gradual progression of active extension exercises 
depends on the size and location of the defect as observed in 
the operating room; therefore, it is essential that the surgeon 
provide guidance and reassurance to the patient and the ther-
apist. If the defects are large, one may consider using an 
unloader brace. 

 Most often the rehabilitation programmes try to follow 
the repair processes starting after the operation. Theoretically, 
there are four phases [ 46 ]:
•    The proliferative phase  
•   The transitional phase  
•   The remodelling phase  
•   The maturation phase    

 The surgeon and the physiotherapist need to adjust the 
postoperative mobilisation after those phases in relation also 
to the size and location of the lesion, the patient’s weight and 
type of surgery. 

 Traditionally, most surgeons    are using non-weight bear-
ing from start after surgery. The last years, however, the 
trend is towards more aggressive mobilisation with gradual 
fast partial weight bearing during ca 6 weeks. 

 My own rehab for all cartilage repairs is full weight bear-
ing controlled by the level of pain and two crutches. A brace 
locked in extension is used for 2 weeks and for another 4 
weeks an open side stabilisation brace just outdoors. Reinold 
et al. [ 47 ] have a very nice paper on current concepts for 
cartilage repair that can be read by those wanting a more 
deep knowledge.      
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40.1             Medial Collateral Ligament 
and Posteromedial Corner 

40.1.1     Introduction 

  Medial collateral ligament  ( MCL ) is the principal passive 
restraint to valgus forces applied to the knee and, along with 
other anatomic structures such as hamstrings muscles, is 
responsible for the stability of the medial compartment of the 
knee on the coronal plane. In a sportsmen population, MCL 
is frequently ruptured alone or in association with menisci 
and cruciate ligaments. A high grade acute injury of the 
MCL can evolve in a  chronic valgus instability  that can seri-
ously impair not only sports performance but also daily 
activities. Although this condition can be considered rare, a 
prompt treatment of an acute injury is mandatory in order to 
prevent it and allow the athlete to return at a level of activity 
comparable to the one before injury.  

40.1.2     Epidemiology 

 MCL is one of the most frequently injured ligaments of the 
knee, involved in at least 42 % of all ligamentous injuries [ 1 ]. 
MCL injuries most occur in young, active, male population, 
and pivot-contact sports such as football, basketball, and 
rugby are considered at high risk [ 2 ]. Male athletes are 

indeed twice more likely to suffer for an isolated or associ-
ated medial compartment injury if compared to the same 
level female population [ 3 ]. The yearly incidence of medial 
knee injury of the knee is about 0.24 per 1,000 people, but 
analyzing a sportive population (United States Military 
Academy cadets), the incidence rises to 7.3 per 1,000 patients 
[ 4 ]. Sports-specifi c incidence is well studied in literature 
[ 5 – 10 ] (Table  40.1 ), and the  most represented injury mecha-
nism  is a direct blow on the lateral side of the knee in fl exion 
with the foot planted on the ground, which is quite frequent 
in contact sports such as rugby and American football. The 
second most frequent mechanism is an abnormal combined 
movement of valgus, fl exion and external rotation, which 
frequently occurs in skiing and cutting/pivoting sports such 
as basketball and football. Lundblad et al. published in 2013 
a prospective study about a cohort of 1,743 UEFA profes-
sional football players [ 10 ]: MCL injury rate was 0.33 per 
1,000 h of activity, which means that a 25-player team expe-
riences at least 2 MCL injuries per year. The most frequent 
mechanism was collision with an opponent (mostly associ-
ated with a foul), and injuries were signifi cantly more fre-
quent during the last 15 min of both the fi rst and second half 
of the game, with a probable correlation to fatigue.

40.1.3        Clinical and Diagnostic Examination 

 First of all, it is mandatory to ask the patient or somebody who 
was present at the moment of the injury about its mechanism: 
an isolated MCL injury generally occurs with a valgus force 
applied to a fl exed knee; if any rotational mechanism is pres-
ent, one must suspect a multiple ligament injury, such as the 
frequent association of an ACL lesion. A careful inspection of 
the knee must be done looking for bruising, hemarthrosis, and 
localized swelling which are frequent in isolated MCL inju-
ries. On the contrary, an early onset hemarthrosis must bring 
the suspect on an intra-articular pathology such as tibial pla-
teau fracture or ACL/PCL lesion. Patients presenting an MCL 
injury normally refer pain to a well-defi ned area correspond-
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ing to the site of lesion, which should be identifi ed through 
careful palpation. Assessing the medial joint line opening will 
help to grade the MCL lesion [ 11 ]: the valgus stress test must 
be applied at 0 and 30° of fl exion and compared to the healthy 
knee. An opening between 0 and 5 mm defi nes a grade I 
lesion, between 5 and 10 mm a grade 2 lesion, and if the joint 
line opening is more than 10 mm, the lesion is graded 3. A 
positive valgus stress in extension is indicative of a posterior 
oblique ligament (POL) or posteromedial corner (PMC) 
lesion, and it’s most commonly found in multiligamentous 
injuries, especially with involvement of the ACL [ 12 ]. 
Assessment of the combined rotational and central pivot insta-
bility can be very diffi cult in an acute setting and can possibly 
require examination under anesthesia to address diagnosis and 
give indications for successive treatments. Presence of an 
eventual ACL- and PCL-associated lesions has to be investi-
gated carefully as they are very frequent. Assessment of the 
 associated rotational component  of the lesion can be obtained 
through different tests:
    1.     Anterior drawer in external rotation : the anterior drawer 

test is performed in a standard fashion at 90° of fl exion 
and with the medial tibia held in external rotation [ 13 ].   

   2.     Swain test : with the knee at 90° lying out of the bed, the 
tibia is forced in external rotation causing pain along the 
medial side of the joint [ 14 ].   

   3.     Combined valgus stress test : the valgus test is performed 
at 30° of fl exion with the foot held in external rotation.    
  In acute settings, a  standard radiographic exam  must be 

performed looking for potential fractures or epiphyseal carti-
lage damage and must include anterior-posterior, lateral, and 
patellar axial views. In chronic lesions, the exam must be 
completed with a full set of weight-bearing x-rays, including 

long-leg and Rosenberg-Schuss views in order to evaluate 
frequent concomitant osteoarthritic degeneration of the 
medial compartment and the presence of a calcifi cation near 
to the femoral insertion, known as Pellegrini-Stieda lesion 
[ 15 ]. In the case of chronic laxity, many authors advocate the 
use of dynamic valgus stress x-rays in order to evaluate and 
measure differential laxity and plan the most appropriate 
treatment [ 16 ]. 

  MRI  is fundamental in the diagnosis of medial side 
injuries as it allows to evaluate not only ligament but also 
articular cartilage and meniscal lesions. In acute settings, 
a bone bruise of the medial compartment subchondral 
bone following a valgus-directed force can be frequently 
found. MRI grading of the lesion has a very good concor-
dance with clinical grading and can be used as a comple-
mentary tool for addressing diagnosis and therapeutic 
indications [ 17 ].  

40.1.4     Treatment Strategy 

40.1.4.1     Conservative Treatment 
 The wide area of the lesion’s surface and the relatively high 
blood supply of the MCL explain the very high rate of 
spontaneous healing without need of surgical reparation or 
reconstruction. In the case of a stage I to II lesion of the 
MCL, primary treatment must be conservative according to 
the principles shown in Table  40.2 . The insulted knee must 
be immobilized in a brace to protect it from iterative inju-
ries and decrease pain. Early passive motion and partial 
weight bearing should be allowed as soon as possible. 
Strengthening of the quadriceps and fl exor muscles with 

   Table 40.2    Conservative treatment of isolated MCL injuries   

 Grade  Immobilization  Weight bearing  Restriction of ROM  Return to training 

 I  Only for pain prevention  Partial  Full-active ROM as soon as possible  10–15 days 
 II  Hinged short-arm knee brace  Partial  Full-active ROM as soon as possible  4 weeks 
 III a   Hinged long-arm then short-arm 

knee brace 
 Partial as soon as possible  Immobilization 30° for 3 weeks (with 

passive ROM recovery) then recovery of 
full ROM after 3 weeks 

 8 weeks 

   a In selected cases only [ 24 ,  25 ]  

   Table 40.1    Sports-specifi c incidence 
of MCL lesions   

 Sports practice  Incidence  Most common mechanism of injury 

 Rugby [ 5 ]  28 % of all knee injuries  38 % tackle 
 3.1 per 1,000 h of play  25 % ruck and maul 

 American football [ 6 ]  36.1 % of all knee injuries  Mostly traumatic 
 2.42 per 1,000 h of play 

 Ice hockey [ 7 ,  8 ]  0.13 per 1,000 h of training  77 % collision with another player 
 1.47 per 1,000 h of match 

 Alpine skiing [ 9 ]  18 % of all injuries  Noncontact (valgus-external rotation) 
 60 % of knee injuries 

 Football [ 10 ]  Mean 0.33 per 1,000 h  70 % contact with an opponent 
 1.31 per 1,000 h of match 
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isometric exercises must start as soon as possible in order 
to be able to proceed to a fast  rehabilitation program.

   Return to play will be possible only at the resolution of 
pain and after having achieved a suffi cient stability at the 
clinical exam. As shown by Indelicato [ 18 ] and Jones et al. 
[ 19 ], results of a well-conducted conservative treatment are 
positive in 90–95 % in a population of competitive athletes, 
also in the presence of a grade III lesion. There is no consen-
sus about the effectiveness of using a protective brace during 
activity after a minor lesion of the medial compartment, the 
prescription must therefore be done only if clinically neces-
sary and in selected cases such as contact sports or persistent 
subjective instability feeling [ 20 ]. A minor group of conser-
vatively treated proximal s-MCL lesions can develop 
a  localized pain at the femoral insertion scar which can 
require a delayed surgical treatment (debridement, scarring of 
the ligament, and microperforation of the insertion) with sat-
isfactory results.  

40.1.4.2     Surgical Treatment 
 Surgical reparation in athletes can fi nd an indication in the 
presence of a bony avulsion, in multiligamentous injuries, 
and in the presence of an isolated complete tear involving 
both midsubstance and tibial insertion. A diagnostic arthros-
copy should be routinely performed in order to check for 
eventual associated lesions of menisci, cruciate ligaments, 
and articular cartilage. A bony avulsion, more frequent at the 
femoral site of insertion (Stieda fracture), is normally rein-
serted using a metallic lag screw. In the presence of  distal or 
proximal avulsion , reparation should be completed with use 
of suture anchors (Fig.  40.1 ) in order to obtain a stable and 
anatomic reinsertion. The distally avulsed MCL can lie on 
the medial side with the pes anserinus tendons interposed, 
defi ning a “Stener-like” lesion of the knee [ 14 ]. This specifi c 
lesion cannot repair without surgical intervention and has to 
be immediately recognized and addressed. A  midsubstance 
lesion  can be treated with a standard side-to-side reparation 
technique, but as the quality of the remnant tissue is fre-
quently poor, often the association with an augmentation 
technique as the ones published by Kim et al. [ 21 ] and 
Stannard [ 22 ] is needed also in acute settings. In conclusion, 
a stepwise approach must be employed in the presence of an 
acute complete lesion of the MCL/PMC: 
•    Begin with the deep layer and reconstruct meniscotibial 

and meniscofemoral bundles of the deep MCL, stabiliz-
ing the medial meniscus.  

•   Progress and repair the eventually affected POL and the 
portion of the superfi cial MCL (s-MCL) interested by 
the lesion, taking care of providing a strong but ana-
tomically correct reinsertion using suture anchors. In 
the presence of a midsubstance lesion, proceed to side-
to-side reparation if the remnants are strong enough or 
switch to repair- augmentation or reconstruction if a 

correct stability all throughout the range of motion can-
not be achieved.  

•   In the presence of a nonreparable midsubstance lesion, we 
prefer not to use autologous semitendinosus as a graft, as it 
weakens medial side residual stability, and we rely on an allo-
genic tubular graft or, in selected cases, biosynthetic graft.    
 Tibial/femoral avulsions recognize a better prognosis if 

compared to midsubstance lesions, and best results are 
achieved if the reparation is performed within 3 weeks from 
the moment of injury [ 14 ]. There is a lack of evidence about 
clinical outcomes of surgically treated acute isolated MCL 
lesions. Most of our knowledge is based on multiligamentous 

b

a

c

  Fig. 40.1    Complete midsubstance and distal insertion lesion of the 
s-MCL: anatomic reinsertion is obtained using suture anchors ( a ), side-
to- side Orthocord ® sutures ( b ) and completed positioning of a metallic 
staple on the proximal tibia ( c )       
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injuries series including medial compartment  reparation. 
Ibrahim et al. [ 23 ] reported about 18 patients undergoing a 
reparation of a complete acute MCL rupture: 89 % of patients 
were stable at a minimum follow-up of 39 months with a 
mean Lysholm score of 79.2, but mean Tegner score decreased 
to 4.7 from a pre-injury score of 7.6. Owens et al. [ 24 ] also 
reported good results on 11 complete MCL rupture at 48 
months but with a relatively high ratio (27 %) of postopera-
tive stiffness requiring secondary surgery (arthroscopic lysis).  

40.1.4.3     Treatment of Chronic Lesions 
 Medial instability in the presence of an isolated chronic medial 
collateral ligament injury in competitive athletes is a very rare 
condition, but its association to ACL or ACL/PCL chronic 
lesions is far more common. In the case of a clinically relevant 
chronic medial instability, the surgical indication is manda-
tory. The results of reparative techniques are very poor, due to 
the chronicity of the lesion and the absence of healthy liga-
ment tissue, necessary for achieving a good quality reparation, 
and this should not be performed in a chronic setting. 
 Reconstructive surgery  is commonly performed in these cases 
using different techniques and different grafts (autologous, 
heterologous, or synthetic). Most of the employable surgical 
interventions originate from the technique described by 
Bosworth in 1952 [ 25 ]. The semitendinosus tendon is stripped 
with an open stripper and left attached to its tibial insertion. 
The free end of the tendon is then whipstitched, and isometry 
is checked looping it on a K-wire positioned in the site of 
insertion of MCL on medial epicondyle. If isometry is con-
fi rmed, a half tunnel is performed, and the free part of the ten-
don is secured to the femur with a screw, having care of 
applying a varus moment to the tibia during fi xation. If the 
semitendinosus tendon is not available as a graft (for instance 
associated ACL reconstruction), one can consider to use, with 
the same principles, a heterologous tubular graft (semitendi-
nosus, peroneus longus, tibialis anterior or posterior). This 
technique has been heavily modifi ed in the past few years, but 
it is still very useful in reconstruction of isolated chronic 
s-MCL lesion or as an augmentation in acute settings. 

 In the presence of a concomitant POL-PMC lesion/insuf-
fi ciency, an  anteromedial rotatory instability  is defi ned, and 
the technique employed must include a stabilization of the 
PMC as an isolated reconstruction of the MCL could not be 
suffi cient [ 21 ,  22 ,  26 ]. A fan-shaped graft as a heterologous 
fascia lata can be used in order to address also posterome-
dial component of the instability (Fig.  40.2 ): maintaining a 
single insertion on the femoral side (half tunnel and interfer-
ence screw), the anterior part of the graft is inserted on the 
anteromedial side of the tibia using suture anchors and fi xed 
a 30° of fl exion. The rotational stability is then achieved fi x-
ing the posterior border of the graft on the posteromedial 
side of the tibia in full extension. In alternative, a number 
of techniques defi ned as “anatomic” have been described as 

the one described by Coobs et al. in 2010 [ 27 ]: two separate 
soft tissue grafts are used to reconstruct separately s-MCL 
and POL. All the grafts are secured on both sides with inter-
ference screws: fi rst, the femoral insertions are fi xed, then 
the distal part of the s-MCL is fi xed at 30° of fl exion and 
neutral rotation. The procedure ends with fi xation of POL 
bundle in extension reproducing the “normal anatomy” of 
the medial side of the knee. This type of technique, although 
very promising on a biomechanical point of view, can be 
very complicated on the daily basis, as the increased number 
of tunnels and fi xation devices can represent an issue, more-
over, in the case of a surgically treated multiligamentous 
injury. Given this considerations, LaPrade and Wijdicks [ 28 ] 
have published very good results with this technique on 28 
patients at a mean follow-up of 1.5 years: mean IKDC score 
improved from 43.5 to 76.2, and all patients noted a subjec-
tive improvement in terms of stability.    

40.1.5     Postoperative Management 
and Rehabilitation 

 After reparative/reconstructive surgery of the medial com-
partment, the operated knee must be protected in a hinged 
knee brace during sleep and walking for the fi rst 4–6 
weeks. Partial weight bearing with crutches is immedi-
ately allowed, and recovery of passive ROM must start as 
soon as possible also by the means of continuous passive 
motion (CPM) in order to prevent postoperative stiffness. 
Strengthening of the quadriceps is obtained through early 
isometric exercises. After 6 weeks, if quadriceps control is 
obtained, the brace can be removed, and full weight bear-
ing can be allowed. Return to training is possible at least 
after 3 months if the knee is painless and stable at the 
 clinical examination.   

  Fig. 40.2    Fan-shaped allogenic fascia lata can be used to reconstruct 
both superfi cial MCL and POL. The graft has already been fi xed on the 
femur with an interference screw       
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40.2     Lateral Collateral Ligament 

40.2.1     Introduction 

 Although isolated  lateral collateral ligament  ( LCL ) lesions 
are extremely rare, a  varus instability -associated component 
is frequently noticed in the presence of a posterolateral 
instability or in multiligamentous injuries. Considering that 
the association of a nonidentifi ed injury of the posterolateral 
corner (PLC) is a frequent cause of late failure of an ACL or 
PCL reconstruction [ 29 ,  30 ], these lesions must be identi-
fi ed and carefully ruled out both in acute and chronic cases. 
The most common causes of PLC lesions are motor vehicle 
accidents (mainly motorcycle) or high-energy traumas, and 
only 40 % of PLC lesions are considered related to sports 
activity [ 31 ]. Isolated PLC lesions are also relatively rare 
(less than 2 %) as more than 75 % of them are associated to 
ACL/PCL [ 32 ,  33 ].  

40.2.2     Clinical and Diagnostic Examination 

 The  most frequent mechanism of injury  of the LCL is a 
direct blow to the medial aspect of the knee, but a hyper-
extension or noncontact varus stress is also common. 
Patients must be asked about paresthesia or motor impair-
ment after trauma, as association of different degrees of 
peroneal nerve involvement is frequent in these types of 
injuries (15 %) [ 34 ]. Knee must be carefully inspected 
looking for ecchymosis and mostly hemarthrosis, which 
can be the signal of an associated significant intra-articu-
lar injury. In chronic settings, one should observe the 
patient’s gait looking for a varus thrust phenomenon dur-
ing deambulation, which is frequently noticed by the 
patient as one of the main symptoms. Specific evaluation 
of the LCL status is carried on performing varus stress 
test at 0° and 30° of flexion. The joint line opening and 
softness of the end point allows to grade the lesion simi-
larly to the medial collateral ligament. The association 
with PLC lesions/deficiency can be investigated with 
specific tests:
    1.     Dial test : with the patient in prone decubitus, the external 

rotation of the tibia on the femur is evaluated at 30° and 
90° of fl exion and compared to the healthy contralateral 
side. If a side-to-side difference bigger than 10° of rota-
tion is noticed at 30° of fl exion, the test is considered 
positive and suggests a PLC lesion. If the test is positive 
also at 90° of fl exion, a concomitant lesion of the PCL 
must be suspected.   

   2.     Hughston test : in supine decubitus, the examiner lifts the 
leg by the great toe while stabilizing the distal femur. The 
degrees of hyperextension are recorded and compared to 
the contralateral side. If positive, a concomitant ACL/

PCL and PLC lesion is presumed but with a very low 
degree of sensitivity.   

   3.     Posterolateral drawer : patient is supine with the knee at 
90° of fl exion and foot stabilized. The examiner applies a 
posterior-directed force to the tibia kept in external rota-
tion. A difference with contralateral can be suspicious for 
a PLC injury.   

   4.     Reverse pivot shift : the knee is fl exed at 90° and valgus 
and external rotation forces are applied to the tibia during 
extension. The test is positive if a reduction of the sublux-
ated lateral tibial plateau is noticed during the extension 
movement in the injured knee.    
  In the presence of an  acute lateral knee trauma , a com-

plete x-ray exam is performed in order to rule out frequent 
associated fractures such as bony avulsion or Segond frac-
tures of the tibial plateau. In chronic settings, the exam must 
be completed with long-arm weight-bearing x-rays (useful 
to quantify varus thrust sign) and Rosenberg-Schuss view 
which give additional information about eventual degenera-
tion of the medial and lateral compartment. MRI is very use-
ful, mostly in acute settings, to directly evaluate the LCL and 
PLC structures but also the presence of associated lesions 
of cruciate ligaments, menisci, and articular cartilage which 
are very common. A chronic varus instability should also be 
evaluated and assessed by the means of varus stress dynamic 
x-rays. During a rthroscopic examination , an LCL and PLC 
lesion can cause the so-called drive-through sign: a gap of 
more than 1 cm during varus stress at 30° of fl exion (fi gure-
of- four position) [ 35 ].  

40.2.3     Treatment of Acute Lesions 

 Grade I and II lesions of the LCL are generally treated con-
servatively with full extension long-leg knee brace. Partial 
weight bearing is allowed as soon as possible, and recovery 
of fl exion in prone decubitus can be performed in order to 
prevent stiffness during the immobilization. Return to sport 
(frequently with protective bracing) is allowed once pain is 
resolved and varus stability completely restored at the clini-
cal examination and normally comes in the low-grade inju-
ries at 6–8 weeks from injury. 

 In grade III injury of LCL, the risk of developing a chronic 
instability is very high, and the treatment of these lesions is 
mainly surgical. Even if direct reparation of lateral structures 
is associated with a high rate of complications such as recur-
rence of instability or postoperative extension lag, a repara-
tive approach should be always preferred in acute settings. 
Akin to the medial compartment, we suggest a stepwise 
approach:
•    After exposure of the lateral side of the knee, the  common 

peroneal nerve  must be identifi ed and carefully protected 
all along the procedure.  
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•   First of all, focus on the popliteal tendon which can be 
frequently avulsed from the femoral side and can 
be  repaired with transfemoral sutures fi xed on a button 
on the medial side. In alternative, if the lesion is midsub-
stance (frequently at the myotendinous junction), a teno-
desis on the posterior aspect of the fi bula can be performed, 
transforming it in a passive stabilizer [ 36 ].  

•   Once repaired the popliteus complex, the LCL lesion can 
be addressed: if the lesion is proximal, the reinsertion can 
be performed with transosseous drill holes, eventually in 
association to the ones used for popliteus reconstruction. 
If the lesion is distal, the repair can be obtained with tran-
sosseous sutures on the fi bular head but some authors 
advocate the use of an interference screw [ 37 ].     

40.2.4     Treatment of Chronic Lesions 

  Surgical reconstruction of LCL  can be performed with many 
different techniques, depending on the presence of an associ-
ated lesion of the PLC. As a preliminary consideration, the 
proximity of the common peroneal nerve is a common fea-
ture in all these procedures, and it is again very important to 
identify and protect this structure during all the procedure.
•    An isolated LCL chronic lesion can be treated as described 

by Latimer et al. [ 38 ] with a graft secured on the isometric 
point of the femur and on the proximal aspect of the fi bula 
with two interference screws. The author promotes a 
bone-patellar tendon-bone graft, but the technique can be 
successfully applied also with autologous or heterologous 
soft tissue grafts (semitendinosus, for instance).  

•   If, as frequently happens, the varus instability comes in 
association with a mild posterolateral one, a reconstruc-
tion can be performed with a technique as described by 
Larson [ 39 ]: after exposure and isolation of common 
peroneal nerve, a tunnel is performed in the fi bular head 
from anterior to posterior and from medial to lateral. The 
graft, commonly autologous semitendinosus, is then 
whipstitched, inserted into the peroneal tunnel, and fi xed 
in a femoral half tunnel after checking for isometry 
(Fig.  40.3 ). As an alternative graft, a tubular heterologous 
graft or biosynthetic ligament can be used with compara-
ble results and reducing donor site morbidity.   

•   In the presence of an  associated major PLC instability , a 
complex reconstruction as the ones described by Laprade 
et al. [ 40 ] and Noyes et al. [ 41 ] can be indicated:
 –    Noyes et al. described a femoral-fi bular posterolateral 

reconstruction using an Achilles tendon allograft 
which is passed through a peroneal tunnel near to the 
site of insertion of LCL and femoral tunnels performed 
from posterior to anterior at its femoral insertion. The 
posterior portion of the graft is then sutured to the pop-
liteus tendon to simulate the popliteofi bular ligament, 

and posterolateral capsule is plicated in order to pre-
vent hyperextension or varus recurvatum.  

 –   The La Prade’s technique, performed using a splitted 
Achilles tendon allograft, allows the concomitant 
reconstruction of LCL, popliteus tendon, and popliteo-
fi bular ligament using four separate half tunnels (two 
on the femur, one on the fi bula, and one on the proxi-

a

b

c

  Fig. 40.3    PLC and LCL reconstruction according to Larson: identifi -
cation and protection of the common peroneal nerve ( a ); drilling of the 
tunnel through proximal fi bula ( b ); passage of the graft in the fi bular 
tunnel and research of isometric fi xation point on the femur ( c )       
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mal tibia) and four interference screws. Recovery after 
this type of surgery must be very slow in competitive 
athletes, and return to sport should not be allowed 
before 9–12 months after surgery, moreover if it comes 
associated with a PCL or ACL reconstruction.        

40.2.5     Postoperative Management 
and Rehabilitation 

 The operated knee must be placed in a hinged knee brace, 
and external rotation and varus stresses must be avoided 
in the fi rst 6 weeks. Partial weight bearing is allowed as 
soon as possible, and passive ROM recovery exercises 
begin from postoperative day 1. Passive ROM is limited 
at 90° of fl exion in the fi rst 2 weeks, and the exercises 
are performed in prone decubitus in order to avoid poste-
rior translation of the tibia and having care of not pushing 
the tibia in external rotation. Six weeks after surgery, the 
patient is normally allowed to walk without brace and pro-
gressively in full weight bearing. Return to training and 
competition is generally never allowed before 6–7 months 
after surgery and only if the knee is painful and stable at 
the clinical examination.      

   References 

       1.    Bollen S (2000) Epidemiology of knee injuries, diagnosis and tri-
age. Br J Sports Med 34(3):227–228  

    2.    Phisitkul P, James SL, Wolf BR et al (2006) MCL injuries of the 
knee: current concepts review. Iowa Orthop J 26:77–90  

    3.    Pedowitz RA, O’Connor JJ, Akeson WH (2003) Daniel’s knee inju-
ries: ligament and cartilage structure, function, injury, and repair, 
2nd edn. Lippincott Williams & Wilkins, Philadelphia  

    4.    Roach CJ, Haley CA, Cameron KL et al (2014) The epidemiology 
of medial collateral ligament sprains in young athletes. Am J Sports 
Med 42(5):1103–1109  

     5.    Dallalana RJ, Brooks JH, Kemp SP et al (2007) The epidemiology 
of knee injuries in English professional rugby union. Am J Sports 
Med 35(5):818–830  

    6.    Swenson D, Collins CL, Best T et al (2013) Epidemiology of knee 
injuries among us high school athletes, 2005/06-2010/11. Med Sci 
Sports Exerc 45(3):462–469  

    7.    LaPrade RF, Wiljdicks CA, Griffi th CJ (2009) Division I intercol-
legiate ice hockey team coverage. Br J Sports Med 43:1000–1005  

    8.    Grant JA, Bedi A, Kurz J (2013) Incidence and injury characteris-
tics of medial collateral ligament injuries in male collegiate ice 
hockey players. Sports Health 5(3):270–272  

    9.    Warme WJ, Feagin JA, King P et al (1995) Ski injury statistics, 
1982 to 1993, Jackson Hole Ski Resort. Am J Sports Med 
23:597–600  

      10.    Lundblad M, Walden M, Magnusson H et al (2013) The UEFA 
injury study: 11-year data concerning 346 MCL injuries and time to 
return to play. Br J Sports Med 47:759–762  

    11.    Quarles JD, Hosey RG (2004) Medial and collateral ligament inju-
ries: prognosis and treatment. Prim Care 31:957–975  

    12.    Tibor LM, Marchant MH, Taylor Dean C et al (2011) Management 
of medial-sided knee injuries, part 2. Posteromedial corner. Am J 
Sports Med 39(6):1332–1340  

    13.    Hughston JC (2003) Knee ligaments: injury and repair. The 
Hughston Sports Medicine Foundation, Columbus  

      14.    Lonergan KT, Taylor DC (2002) Medial collateral ligament injuries 
of the knee: an evolution of surgical reconstruction. Tech Knee 
Surg 1:137–145  

    15.    Altschuler EL, Bryce TN (2006) Images in clinical medicine. 
Pellegrini-Stieda syndrome. N Engl J Med 354(1):e1  

    16.    LaPrade RF, Bernhardson AS, Griffi th CJ et al (2010) Correlation 
of valgus stress radiographs with medial knee ligament injuries: an 
in vitro biomechanical study. Am J Sports Med 38:331–338  

    17.    Yao L, Dungan D, Seeger LL (1994) MR imaging of tibial collat-
eral ligament injury: comparison with clinical examination. Skeletal 
Radiol 23(7):521–524  

     18.    Indelicato PA (1983) Non-operative treatment of complete tears of 
the medial collateral ligament of the knee. J Bone Joint Surg Am 
65:323–329  

     19.    Jones RE, Henley B, Francis P (1986) Non operative management 
of isolated grade III collateral ligament injury in high school foot-
ball players. Clin Orthop Relat Res 213:137–140  

    20.    LaPrade RF, Wijdicks CA (2012) The management of injuries to 
the medial side of the knee. J Orthop Sports Phys Ther 
42(3):221–233  

     21.    Kim SJ, Lee DH, Kim TE et al (2008) Concomitant reconstruction 
of the medial collateral and posterior oblique ligaments for medial 
instability of the knee. J Bone Joint Surg Br 90(10):1323–1327  

     22.    Stannard JP (2010) Medial and posteromedial instability of the 
knee: evaluation, treatment and results. Sports Med Arthrosc 
18(4):263–268  

    23.    Ibrahim SA (1999) Primary repair of the cruciate and collateral 
ligaments after traumatic dislocation of the knee. J Bone Joint Surg 
Br 81(6):987–990  

    24.    Owens BD, Neault M, Benson E et al (2007) Primary repair of knee 
dislocations: results in 25 patients (28 knees) at a mean follow up of 
four years. J Orthop Trauma 21(2):92–96  

    25.    Bosworth DM (1952) Transplantation of the semitendinosus for 
repair of laceration of medial collateral ligament of the knee. J 
Bone Joint Surg Am 34-A(1):196–202  

    26.    Lind M, Jakobsen BW, Lund B et al (2009) Anatomical reconstruc-
tion of the medial collateral ligament and posteromedial corner of 
the knee in patients with chronic medial collateral ligament 
 instability. Am J Sports Med 37(6):1116–1122  

    27.    Coobs BR, Wijdicks CA, Armitage BM et al (2010) An in vitro 
analysis of an anatomical medial knee reconstruction. Am J Sports 
Med 38:339–347  

    28.    LaPrade RF, Wijdicks CA (2012) Surgical technique: development 
of an anatomic medial knee reconstruction. Clin Orthop Relat Res 
470(3):806–814  

    29.    O’Brien SJ, Warren RF, Pavlov H et al (1991) Reconstruction of the 
chronically insuffi cient anterior cruciate ligament with the central 
third of the patellar ligament. J Bone Joint Surg Am 73(2):278–286  

    30.   Noyes FR, Barber-Westin SD, tRoberts CS (1994) Use of allografts 
after failed treatment of rupture of the anterior cruciate ligament. J 
Bone Joint Surg Am 76(7):1019–1031  

    31.    Frank JB, Youm T, Meislim RJ et al (2007) Posterolateral corner 
injuries of the knee. Bull NYU Hosp Jt Dis 65(2):106–114  

    32.    DeLee JC, Riley MB, Rockwood CA (1983) Acute posterolateral 
rotatory instability of the knee. Am J Sports Med 11(4):199–207  

    33.    Fanelli GC, Orcutt DR, Edson CJ (2005) Current concepts: the 
multiple ligament injured knee. Arthroscopy 21:471–486  

    34.    LaPrade RF, Terry GC (1997) Injuries to the posterolateral aspect 
of the knee. Association of anatomic injury patterns with clinical 
instability. Am J Sports Med 25:433–438  

40 Management of Collateral Ligament Injuries (Medial and Lateral) in Competitive Athletes



338

    35.    LaPrade RF (1997) Arthroscopic evaluation of the lateral compart-
ment of the knees with grade 3 posterolateral knee complex  injuries. 
Am J Sports Med 25:596–602  

    36.    Murphy K, Helgeson M, Lehman R (2006) Surgical treatment of 
acute lateral collateral ligament and posterolateral corner injuries. 
Sports Med Arthrosc Rev 14(1):23–26  

    37.    Cole BJ, Harner CD (1999) The multiple ligament injured knee. 
Clin Sports Med 18:241–262  

    38.    Latimer HA, Tibone JE, ElAttrache NS et al (1998) Reconstruction 
of the lateral collateral ligament of the knee with patellar tendon 

allograft. Report of a new technique in combined ligament injuries. 
Am J Sports Med 26(5):656–662  

    39.    Sidles JA, Larson RV, Garbini JL et al (1988) Ligament length rela-
tionships in the moving knee. J Orthop Res 6:593–610  

    40.    LaPrade RF, Johansen S, Engebretsen L (2011) Outcomes of an 
anatomic posterolateral knee reconstruction: surgical technique. J 
Bone Joint Surg Am 93(Suppl 1):10–20  

    41.    Noyes FR, Barber Westin SD (2011) Long term assessment of 
posterolateral ligament femoral-fi bular reconstruction in chronic 
multiligament unstable knees. Am J Sports Med 39(3):497–505    

M. Berruto et al.



339P. Volpi (ed.), Arthroscopy and Sport Injuries: Applications in High-level Athletes,
DOI 10.1007/978-3-319-14815-1_41, © Springer International Publishing Switzerland 2016

41.1             Etiology 

 The  anterior cruciate ligament  (ACL) is one of the most 
commonly disrupted ligaments in the knee of athletes. Most 
of the injuries happen in a noncontact trauma, when an 
 athlete self-generates great forces or moments at the knee, 
that applied excessive loading on the ACL. Numerous 
 theories have been proposed to explain what predisposes an 
athlete to noncontact ACL injury. These theories are classi-
fi ed as anatomic, environmental, hormonal, and neuromus-
cular [ 1 ]. Anatomic factors include an A-shaped intercondylar 
notch instead of a reverse U-shaped notch that determines 
impingement of the ACL on the medial border of the lateral 
femoral condyle in valgus stress and on the roof of the notch 
in hyperextension. Varus or valgus lower limb alignment 
adds stress on ACL during sports activities. Muscular dis-
crepancy between extensor and fl exor of the knee and knee 
joint congenital laxity also predispose to ACL rupture. 
Environmental factors include shoe-surface interface that 
increases frictional force between foot and ground creating 
higher-energy forces in the knee during decelerations or in 
cutting actions. Weather conditions (too hot or cold or 
 raining) may represent another factor of risk. Playing style 
has a genetic component, but it is infl uenced by coaching and 
training and represents a factor of risk. Hormonal factors: 
women sustain two to eight times more ACL injuries for the 
same sports than men do. Many studies have tried to 
 demonstrate infl uence of estrogen, but females’ differences 

from males in lower limbs alignment, muscle power, 
and neuromuscular factors interfere with this theory. 
Neuromuscular factors: the balance between quadriceps and 
hamstring  muscles is crucial to functional knee stability as 
quadriceps antagonists and hamstring agonists of ACL. Any 
weakness, increased fl exibility, or delayed recruit pattern of 
hamstrings increases susceptibility to ACL injury.  

41.2     Injury Mechanism 

 ACL rupture may happen for a contact or a noncontact injury. 
In a contact injury, a direct blow is applied directly on the 
knee from an opponent player, and it is typical of contact 
sports such as soccer, rugby, basketball, and American 
 football. In a noncontact ACL injury, the more frequent 
mechanism, athlete self-generates great forces or moments at 
the knee that applied excessive loading on the ACL during 
cutting, decelerations, and landing from a jump. Injury mech-
anisms are mostly three: valgus-external rotation (VRE), 
varus-internal rotation (VRI), and hyperextension and tend to 
occur when the center of gravity of the body is behind the 
knee and when ground contact with the entire foot occurs [ 2 ]. 
In a report of literature from 1950 through 2007, Shimokochi 
and Shultz demonstrated noncontact ACL injuries are likely 
to happen during deceleration and acceleration motions with 
excessive quadriceps contraction and reduced hamstrings 
 co-contraction at or near full knee extension [ 3 ]. Higher 
ACL loading during the application of a quadriceps force 
when combined with a knee internal rotation moment com-
pared with an external rotation moment was noted. The ACL 
loading was also higher when a valgus load was combined 
with internal rotation as compared with external rotation. 
However, because the combination of knee valgus and exter-
nal rotation motions may lead to ACL impingement, these 
combined motions cannot be excluded from the noncontact 
ACL injury mechanisms. Further, excessive valgus knee 
loads applied during weight bearing, decelerating activities 
also increased ACL loading. Kobayashi et al. analyzed the 
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data of more than 1,700 athletes (838 males and 880 females) 
with an ACL injury with the aim of confi rming the 
 relationship between the ACL injury occurrence and the 
dynamic alignment of the lower extremity at the time of 
the injury. The authors referred that at the time of the injury, 
the number of subjects who had the injury during 
 “competitions” rather than training was the largest 
(846/1718), accounting for 49.2 % of all the subjects. 
Noncontact cases were the largest (417/809) than the number 
of collision cases. The number of the subjects with the align-
ment of “Knee-in and Toe-out” (VRE) was the largest 
(793/1,603), followed by “Knee-out and Toe-in” (VRI) and 
“hyperextension” in this order [ 4 ]. Most of the injuries are 
reported to occur with noncontact mechanisms, such as those 
involving landing from a jump and sudden deceleration of 
the body while running, with or without a change in direc-
tion. Anterior cruciate ligament injuries often happen when 
an individual attempts to decelerate the body from a jump or 
forward running while the knee is in a shallow fl exion angle 
[ 5 – 7 ]. At the time of injury, combined motions such as knee 
valgus and knee internal-external rotation are often noted. 
The ACL has been widely known to be loaded with anterior 
tibial shear forces [ 8 ,  9 ]. Unopposed quadriceps muscle 
forces produce anterior shear forces, possibly damaging the 
ACL, especially near full extension [ 10 ,  11 ]. On the other 
hand, hamstrings co-contraction forces are protective to the 
ACL, increasing knee stability while the quadriceps are con-
tracting. An ACL injury often occurs when the body is posi-
tioned with the weight back on the heel, which may increase 
the quadriceps contraction force and reduce the effi cacy of 
the hamstrings [ 11 ]. Because a combination of knee external 
rotation and valgus motions may impinge the ACL against 
the femoral intercondylar notch and because these motions 
have been often observed during noncontact ACL injury, 
knee external rotation remains an important consideration 
for ACL injury [ 12 ]. Contact injuries of the ACL are mainly 
the result of a direct blow applied to the proximal tibia with 
anterior- posterior direction. Typical examples of this 
 mechanism are front or side tackles in soccer. 

 The better understanding of etiology and injury mecha-
nisms is at the base for developing a prevention program. 
Modern literature shows promising results in programs that 
involve proprioception, strength training, and improved 
jumping, stopping, and turning techniques.  

41.3     Clinical and Diagnostic Examination 

 Evaluation of the patient starts with the history. An acute 
ACL tear history is very familiar to the knee surgeon and 
usually the athlete refers of a “pop” or “crack” with pain in 
a pivoting movement, often in noncontact type, while play-
ing the sport and also describes the knee as “coming apart” 

[ 13 ]. Mild or marked effusion occurs within 6–12 h after 
trauma. However, some ACL tears happen with minor 
trauma, no internal sensation, no or minimal effusion and 
mild pain, and frequently in emergency room are diagnosed 
as minimal sprain and lead to chronic instability. An athlete 
with a chronic ACL history often refers of pain from a 
meniscal tear or cartilage damage, with minimal instability 
in pivoting activities and mild effusion after training or 
competition. However, today, it is very unusual that a top-
level athlete could refer of a chronic instability as he is 
promptly evaluated and treated after trauma by his team 
physician. It can occur more often after ACL reconstruction 
if not a good stability is achieved with surgical operation. 

  Lachman test  is considered the most reliable and repro-
ducible method sign of an ACL tear, as it has in acute a sen-
sitivity of 78–99 % [ 18 ]. In acute injuries of top-level 
athletes, with large muscular thigh or hamstrings spasm, the 
Lachman test is not simple to perform and often is unpredict-
able unless a fi rm end point is felt to exclude an ACL tear. 
We prefer to perform also the  prone Lachman test  [ 14 ] in 
which gravity assists the forward movement of the tibia, hip 
extension stabilizes the femur, and relaxation is enhanced by 
the contact of quadriceps with the table. The patient is prone, 
the knee is held 20° or 30° fl exed, and the examiner’s hands 
grasp the tibia; the fi ngers are positioned in the joint line. 
Anteroposterior tibiofemoral movement is attempted; its 
interpretation and the quality of end point are no different 
from that when the patient is supine. 

  Pivot shift  is a specifi c but very insensitive test for acute 
ACL injury in the nonanesthetized patient [ 15 ,  16 ] and also 
subject to interobserver error, and we use it in operating 
room under anesthesia in deciding if to perform or not an 
additional lateral plasty in case of evident positivity. 

 Valgus, varus, and posterior laxity are also examined in 
the routine manner. 

 For  instrumented evaluation , we routinely use arthrome-
ter. We have used for many years KT-1000 or 2000 arthrom-
eter, but since the last 3 years, we are using the GNRB 
(Genurob, Laval, France) that some studies have demon-
strated superior intra- and interexaminer reproducibility over 
the KT-1000 and examiner independency [ 17 ]. With arthrom-
eter, it is also possible to suspect an ACL partial tear [ 18 ]. 

  Magnetic resonance imaging  (MRI) is an invaluable test 
to the diagnosis of an ACL injury as it has a specifi city of 
95 % and a sensibility of 86 % with normal coronal, axial, 
and sagittal views [ 19 ]. We are routinely using the oblique 
coronal and oblique sagittal images for their improved accu-
racy [ 20 ]. Normal ACL is both distinctly seen and taut, while 
when acutely injured appears indistinct and lax. MRI is also 
useful in ruling out other internal derangements detect [ 21 ]. 
 Segond ’ s fracture , visible also in anteroposterior X-ray, 
reveals avulsion of the anterolateral ligament [ 22 ,  23 ] that in 
some case needs to be refi xed or reconstructed.  
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41.4     Treatment Strategy 

41.4.1     Indications 

 In sports activity that requires cutting, jumping, and pivoting 
stress, it is mandatory to carry out the reconstruction after an 
ACL tear. It is well documented in literature that early liga-
ment reconstruction reduces the risk of subsequent meniscal 
injury, especially in athletic population. Sports activity pre-
disposes early damage of all static structures. Therefore, in 
ACL tear, surgical treatment is our indication for those ath-
letes who want to continue playing their sports. Natural his-
tory of  partial ACL tears  is quite good over the medium term 
in the patients that limit their sports activities but functional 
instability seems to progress with time, especially in athletic 
population [ 24 ]; therefore, also in the case of ACL partial 
tear in young athletes, our indication is ACL surgical 
reconstruction.  

41.4.2     Timing 

 In the past, initial concern existed over early reconstruction 
of ACL injury because of the increased risk for arthrofi bro-
sis, and the surgery was delayed until minimal swelling, 
good leg control, and full range of motion was achieved. 
Top-level athletes request early surgery in order to reduce 
the time of return to play. Moreover, in the presence of 
associated injuries such as meniscal or collateral ligaments 
tears, immediate suture repair gives better results than 
delayed repair. For these reasons, better postoperative pain 
control and a more aggressive rehabilitative protocol with 
continuous passive motion, and early muscles exercises, 
can yield results that are independent of the timing of sur-
gery [ 25 ].  

41.4.3     Graft 

 Graft selection is a topic of discussion. The central third of 
patella tendon (bone-patellar tendon-bone) (BPTB) and 
the four-strand hamstrings (HS) are the two most com-
monly used  autografts . Some studies show similar results 
in terms of laxity and functional results between the two 
grafts, and others show better stability for BPTB but not 
correlated with functional outcome.  Allografts  are not as 
strong as autografts and are not recommended for top-level 
athletes except in some case of ACL revision surgery. 
BPTB is our fi rst autograft choice in top-level athletes both 
in male and in female. The main reason of this choice is the 
biological fi xation, bone to bone, that allows an acceler-
ated protocol of rehabilitation when a prompt return to 
sport is required.  

41.4.4     Surgical Procedure 

 Surgical treatment of ACL tears has evolved over the past 
century. Several techniques and methods of fi xation have 
been described, and a detailed description of all procedures 
is impossible. 

 The two most commonly used techniques today are 
 anatomical single-bundle ACL reconstruction with HS or 
BPTB and anatomical double-bundle ACL reconstruction 
with HS that restore both anteromedial and posterolateral 
ACL bundle. Double-bundle technique seems to give better 
restore on rotational stability but in high-level athletes are 
not rare tears of the reconstructed posterolateral bundle. Our 
preferred method of ACL reconstruction is a  single-bundle  
reconstruction with  transtibial technique  and a lateral addi-
tional procedure to improve knee stability if needed. 
Following an initial arthroscopic examination that confi rms 
ACL rupture, the meniscal lesions are searched and treated. 
When possible, a meniscal suture is always carried out. A 
vertical central skin incision is made from the center of the 
patella to the tibial tubercle. The deep fascia is incised and 
divided to expose the patella tendon that is harvested 10 mm 
in width with patella (20 mm in length) and tibial (30 mm in 
length) bone plugs. During the harvesting, the knee is held 
in fl exion so that the tendon fi bers are straight due to ten-
sion. An oscillating saw is used to make the bone cuts, and 
in the professional athletes, we perform an oblique cut in 
order to avoid abnormal stress and the potential risk of patel-
lar fracture. The tibial tunnel is drilled with the knee in full 
extension using a Howell tibial guide (Arthrotek Inc., 
Warsaw, IN, USA). An impingement rod is used to avoid the 
femoral roof to impinge on the graft and notchplasty per-
formed, if necessary, with an abrader. The femoral tunnel is 
drilled through the tibial tunnel with the knee fl exed at 90° 
on a pin guide located in the center of the anatomical ACL 
insertion (at 10 o’clock for right knee and 2 o’clock for left 
knee, 7 mm anterior to the posterior margin of the lateral 
femoral condyle) [ 26 ]. Sometimes it is diffi cult to reach the 
anatomical point with the femoral transtibial guide. In this 
case, after a fi rst pin has positioned with the guide, a second 
pin is positioned lower, in the right place, with the aid of a 
cannulated transtibial corrector. Another possibility is to 
drill the femoral tunnel through the anteromedial portal or 
by an “Out-In” technique. In this case, a mini lateral skin 
incision is requested. The graft, armed at the patellar plug 
with XTendobutton (Smith & Nephew) and at the tibial plug 
with two sutures, is passed through the tunnels and the but-
ton fl ipped over the lateral femoral cortex. The knee is 
repeatedly extended and fl exed to allow stress relaxation of 
the graft with the knee fl exed at 20° and the graft is ten-
sioned at 80 N and fi xed with an absorbable interference 
screw in the tibial tunnel. In the case of marked anterolateral 
rotatory instability (Jerk Test 2 or 3+), we are currently 
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using a  lateral additional procedure to improve knee stabil-
ity. Our  preferred techniques are the iliotibial band (ITB) 
extra- articular tenodesis as described by Noyes [ 27 ] or the 
procedure described by Christel and Djian [ 28 ]. In acute 
cases, if the  anterolateral ligament  (ALL) is torn, it can be 
repaired or refi xed if an interstitial rupture is present. The 
anterolateral ligament is an important restraint to internal 
rotation of the knee, thus preventing the pivot shift phenom-
enon. The origin of the ALL is situated at the prominence of 
the lateral femoral epicondyle, slightly anterior to the origin 
of the lateral collateral ligament, and has an oblique course 
to the anterolateral aspect of the proximal tibia, with fi rm 
attachments to the lateral meniscus, thus enveloping the 
inferior lateral geniculate artery and vein. Its insertion on 
the anterolateral tibia is grossly located midway between 
Gerdy’s tubercle and the tip of the fi bular head, defi nitely 
separated from the iliotibial band (ITB) [ 23 ]. For its recon-
struction, we use an isolated strip of ITT (10 × 70 mm) that 
we fi x on the anatomical site of femur through a blind tunnel 
and interference absorbable screw and with suture anchor or 
a screw washer on the tibia.   

41.5     Rehabilitation After ACL 
Reconstruction 

 The importance of a rehabilitation program cannot be 
 underestimated, and although there is no one rehabilitation 
program proven to be superior to others, the speed and safety 
with which an athlete returns to play is more dependent upon 
the rehabilitation program than whether the patient had 
arthroscopically assisted or two-incision technique, or what 
type of graft or fi xation was used. A clear, logical, respon-
sive, and appropriately  aggressive rehabilitation  program is 
the key to returning an athlete to play as quickly and safely 
as possible. Rehabilitation has undergone a relatively rapid 
and global evolution over the past years. Traditionally, reha-
bilitation is divided into three distinct phases based on exper-
imental study performed by Amiel et al. [ 29 ] on biological 
process of graft implanted into a joint, process called  liga-
mentization . For this reason, after surgery, many rehabilita-
tive protocols have relied on protection of the reconstructed 
ligament by limiting knee extension and weight bearing. 
Current rehabilitative programs following ACLr are now 
more aggressive than those utilized in the past. Presently, we 
employ two different rehabilitation programs for isolated 
ACL-reconstructed patients. The accelerated protocol is uti-
lized for professional athletes, whereas recreational patient 
would follow a slower program, referred to as the regular 
rehabilitative program. The main difference between the two 
programs is the rate of progression through the various 
phases of rehabilitation and the period of time necessary 
prior to running and return to sports. 

 Our current program emphasizes full-passive knee 
 extension, immediate motion, immediate full weight bearing 
[ 30 ], and functional exercises. This approach is due to the 
documented improved outcomes with more aggressive reha-
bilitation. We recommend discharging as soon as possible 
the use of postoperative brace in full extension. The brace is 
used while ambulating and sleeping only during the fi rst 2 
weeks after surgery. Lower extremity muscle weakness rep-
resents an unresolved problem after ACLr. Persistent muscu-
lar weakness is in part caused by a failure of voluntary 
activation by  arthrogenic muscle inhibition . As demonstrated 
by Zech et al. [ 31 ], it is during the fi rst postoperative month 
that voluntary activation and quadriceps weakness show the 
most signifi cant defi cit. For this reason, we believe that a 
more aggressive rehabilitative program is important mainly 
during the fi rst postoperative period in order to reduce the 
muscular weakness. Strengthening is performed during this 
phase using both  closed - chain exercises  ( CKC ) and selective 
use of  open - chain exercises  ( OKC ). CKC exercises have 
been justifi ed because they (1) increase tibiofemoral com-
pressive forces, (2) increase co-contraction of the ham-
strings, (3) mimic functional activities more closely than 
OKC exercises, and (4) reduce the incidence of patellofemo-
ral complications. Many protocols do not recommend the 
OKC exercises because they could produce harmful forces 
on healing ACL graft [ 32 ,  33 ]. On contrary, clinical evidence 
has shown that the addition of OKC quadriceps training after 
ACLr results in a signifi cantly better improvement in quadri-
ceps torque without reducing knee-joint stability at 6 months 
and also leads to a signifi cantly higher number of athletes 
returning to their previous activity earlier and at the same 
level as before injury [ 34 ,  35 ]. In our protocol, we prescribe 
OKC and CKC exercises from the early phase of rehabilita-
tion, and athletes are encouraged to progress by increasing 
resistance or duration as soon as they are able to perform 
exercises without demonstrating an extension lag or discom-
fort.  Neuromuscular control drills  are gradually advanced to 
include dynamic stabilization and controlled perturbation 
training. Once strength and neuromuscular control have been 
demonstrated, functional activities such as running may 
begin. The last phase of ACL rehabilitation involves the res-
toration of function through sports-specifi c training for ath-
letes returning to competition. Many of drills, such as cone 
drills, lunges with sport cords, plyometric drills, and the run-
ning and agility progression, can be modifi ed for the specifi c 
functional movement patterns associated with the patient’s 
unique sport. Some sports-specifi c running and agility drills 
include side shuffl ing, cariocas, sudden starts and stops, zig-
zags, 45° cutting, and 90° cutting. 

 In order to ensure a safe progression, testing is performed 
throughout all rehabilitative courses by providing the needed 
objective criteria for advancement. Testing procedures also 
follow a progression, which begins with basic measures and 
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progresses to functional tests of increasing diffi culty that 
include sports-specifi c testing before returning to fi eld play. 
Graft selection has some impact on our rehabilitation 
 program following ACLr. With soft tissue grafts such as the 
quadrupled hamstring/semitendinosus graft, the rehabilita-
tion program is initially less aggressive. Therefore, the return 
to sports is slightly slower, and we do not allow isolated 
hamstrings strengthening for approximately 8 weeks, to 
allow appropriate graft site healing to occur.  

41.6     Return to Play 

 A recent systematic review has shown that there is a lack in 
the literature of information regarding criteria for approving 
patients back to their previous athletic activity. In most stud-
ies, the time after surgery is the only criterion to decide if a 
patient can  RTP , and the majority of surgeons consider post-
operatively the time frame of 6 months necessary to allow 
patients to return to competitive sports. Postoperative time 
seems to be relevant regarding the remodeling process of 
autogenous tendon grafts in order to achieve vascular supply 
and cellular ingrowth. However, the remodeling process is 
not the only relevant factor why an athlete should be released 
to unrestricted motion and return to play. Even with modern 
anatomical surgical techniques or rehabilitation programs, 
there is strong evidence that defi cits in proprioception, bal-
ance, strength, and neuromuscular control persist for several 
months postoperatively. Therefore, objective assessment 
methods are necessary before release to unrestricted sports 
activities after ACLr, and no one single outcome criterion 
has been shown to correlate with successful return to sports. 
Most clinicians use a combination of criteria, namely, func-
tional, clinical, and subjective testing. We do not release 
players until muscle and functional objective measurements 
have been achieved regardless of the amount of time that has 
passed since surgery. In our practice, we use two different 
criteria: the fi rst criterion should include full range of motion, 
absence of swelling or pain, and passive or active stability. A 
more specifi c criterion includes three different types of eval-
uations: muscular, neuromuscular, and athletic. The quadri-
ceps and hamstring strength is evaluated with the  MVIC  
(maximal voluntary isometric contraction) and isokinetic 
evaluation. Among the functional tests, the most common 
test is the one-leg single hop for distance, whereas less com-
mon are the one-leg triple hop for distance, the one-leg timed 
hop, and the one-leg cross-over hop for distance. The one-leg 
single hop is an indicator of power, whereas the other three 
tests indicate both power and endurance. The vertical drop 
jump test is performed in athletes involved in specifi c activ-
ity that requires jumps. Assessment of static and dynamic 
balance may be performed using computerized instrumenta-
tion on the  Biodex Balance System  that provides a high 

degree of statistical validity and reliability in determining 
postural sway differences between limbs. Star excursion 
 balance or  Y balance test  (SEBT) has been shown to be 
 reliable and valid in determining postural defi cits and is used 
to evaluate dynamic balance [ 36 ,  37 ]. For the functional 
 on-fi eld tests, we prescribe the  modifi ed agility test  ( MAT ) 
and the pro-shuttle test. Van Grinsven et al. [ 38 ] recently 
conducted a systematic review of the rehabilitation literature 
to develop an evidence-based postoperative ACL program 
that would allow a return to athletics within 6 months. They 
recommended the following for return-to-sports criteria: full 
ROM, 85 % or greater on strength (quadriceps and ham-
strings), and single-leg hop tests when compared with the 
opposite leg, less than 15 % defi cit on hamstring-quadriceps 
strength ratio, no pain or swelling with sports-specifi c activi-
ties, and a stable knee in active situations.  

41.7     Outcome 

 Despite many reports of successful outcomes following 
ACLr, recent reports have suggested that the rates of return 
to sport may not match the success of this surgery. Restoration 
of mechanical restraints is only the fi rst step in achieving 
knee functional recovery, but factors including the patient’s 
motivation and willingness to complete the prescribed reha-
bilitation program may play a role in infl uencing outcome. 
The percentage of patients who return to some level of sport 
may range from 26 to 97 %. In a recent systematic review on 
RTP after ACLr, it has been reported that 82 % of the patients 
returned to some sports participation, but only 63 % were 
participating in their pre-injury sport at follow-up. When 
competitive sport was considered, only 44 % were participat-
ing at follow-up [ 39 ]. Seto et al. reported that athletes who 
participated in sports involving cutting and twisting motions 
were less successful in returning to pre-injury activity level 
after ACLr [ 40 ]. Others suggest that competitive athletes 
return to pre-injury level of activity and sports-related func-
tion more quickly and successfully than nonathletes [ 41 ] 
with a rate of 94 % [ 42 ]. Ekstrand argues that the access to 
the most experienced orthopedic surgeons and physiothera-
pists, a rapid time to diagnosis and treatment, as well as high 
fi nancial incentives in elite players could be possible reasons 
for these differences [ 43 ]. In contrast, Brophy et al. reported 
that at a mean follow-up of seven years, only 36 % of soccer 
players were still playing compared to the 72 % that had 
resumed play at some time following their ACLr [ 44 ]. The 
type of sport plays an important role in the different series 
examined. Shah et al. [ 45 ] reported that only 63 % of 
American Football players returned to game play at an aver-
age of 10.8 months after surgery. Age at time of surgery, 
position, and the type and number of procedures were not 
signifi cantly different between those who did and did not 
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return to play [ 45 ]. The RTP percentage in a series of NBA 
players was recently reported in one series to be 78 % [ 46 ]. 
The risk of suffering a new knee injury is signifi cantly higher 
in the group of players with a history of ACL injury. The risk 
of new knee injury, especially overuse injury, is signifi cantly 
increased on return to elite athlete after ACL injury. After 
ACL tears occurring during offi cial matches in Australian 
Rules football, a signifi cantly higher risk (10-fold) for graft 
re-rupture during the fi rst year after ACL reconstruction is 
reported [ 47 ]. Several studies [ 48 – 50 ] have reported high re- 
injury rates in athletes on return to activity. The contralateral 
knee is at risk for ACL rupture as well, and some studies 
have documented even a higher rate of this injury than a tear 
of the ACL-reconstructed knee [ 49 ,  50 ]. These studies sug-
gest that in many patients, severe neuromuscular defi cits 
may persist after ACL reconstruction. Various factors have 
been associated with an increased risk of ACL graft or con-
tralateral ACL rupture, but the evidence is confl icting with 
some authors fi nding few, if any, identifi able risk factors 
[ 51 ]. The young age is considered an important factor of risk 
for the re-rupture of the graft, whereas with regard to contra-
lateral ACL rupture, female gender [ 50 ] have been identifi ed 
as risk factors, although there are also studies that did not 
identify gender as a risk factor [ 51 ,  52 ].     
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42.1            Introduction 

 The anterior cruciate ligament (ACL), of all ligaments in the 
human body, is the one most often ruptured, especially among 
the population practicing sports. The incidence of ACL rup-
ture is 36.9–60.9 per 100,000 persons in the United States [ 1 ], 
where over 200,000 ACL ruptures are surgically reconstructed 
annually [ 2 ]. The rising number of primary ACL reconstruc-
tions, coupled with expected functional outcomes in high-
functional-demand patients after ACL reconstruction, has led 
to an increase in revision ACL reconstructions. Key to correct 
anatomical reconstruction and functional outcome after pri-
mary repair is a thorough knowledge of ACL anatomy and 
biomechanics. High-functional- demand patients returning to 
sports with suboptimal knee joint function are at increased risk 
of recurrent ACL tear, chondral and meniscal damage, and 
progression of knee joint arthrosis [ 3 ,  4 ]. Though primary sur-
gery does not always restore normal joint kinematics [ 5 ], 
improvement in joint stability and recovery of knee function 
[ 6 ] are seen in most patients, with good to excellent outcomes 
achieved in 80–90 % of cases [ 7 – 9 ]. Failure rates (recurrence 
of instability) range from 4 to 10 % [ 10 – 13 ], and results after 
revision ACL repair are decidedly lower, particularly in elite 
athletes [ 13 – 19 ]. Hence, the reasons for successful outcome 
after revision ACL reconstruction hinge on a full understand-
ing of why the primary repair failed.  

42.2     Complications and Failures 
in ACL Reconstruction 

 The complications ensuing from ACL reconstruction are mul-
tifactorial and can sometimes lead to graft failure and recur-
rence of instability. One of the most common complaints is 
postsurgical knee joint stiffness. Loss of motion after ACL 
repair occurs in 11–35 % of cases [ 20 ]. Reduced fl exion may 
be due to arthrofi brosis, particularly when ACL repair is per-
formed within 4 weeks after injury to the ligament or when 
knee joint infl ammation with reduced motion is present 
before the operation [ 21 ,  22 ]; this latter study reported loss of 
extension after ACL repair in about 25 % of cases. 

 Also, a malpositioned tunnel can cause loss of knee joint 
motion. Excessively anterior tibial tunnel placement limits 
extension due to impingement with the roof of the intercon-
dylar notch during extension, which may also give rise to 
localized anterior arthrofi brosis (cyclops lesion) [ 23 ,  24 ]. A 
tibial tunnel placed too posterior may lead to impingement of 
the implant with the posterior cruciate ligament, resulting in 
diminished fl exion [ 24 ]. Furthermore, excessively anterior 
placement of the femoral tunnel may place excessive tension 
on the implant during fl exion, with a consequent reduction in 
fl exion, or elongation of the new ligament with a gradual loss 
in function [ 24 ]. In cases of postsurgical joint stiffness result-
ing from arthrofi brosis or implant malposition, arthroscopic 
arthrolysis may be required to remove the adherences and the 
new ligament, thus setting the stage for recurrence. Revision 
is performed following full recovery of joint motion. 

 Although septic arthritis following arthroscopic surgery is 
rare (incidence <1 %) [ 25 ,  26 ], it can cause graft failure and 
require its removal when early targeted antibiotic therapy and 
arthroscopic lavage are ineffective in resolving the infection. 

 Published failure rates vary from 3 to 52 %, depending on 
the criteria used to defi ne failure [ 27 ]. Over 40 % of elite 
athletes undergoing ACL reconstruction do not return to 
their pre-operation level of athletic activity [ 13 ,  28 ]. 
According to a meta-analysis, although patients’ subjective 
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reports were optimal overall, residual instability was noted in 
32 % of cases at the Lachman test and in 22 % at the pivot 
shift test [ 29 ]. Recurrent knee joint instability appears to be 
more common in males; a familial predisposition to ACL 
tears increases the risk of recurrence, irrespective of the type 
of graft implanted and the risk of ACL rupture in the contra-
lateral ACL [ 30 ].  

42.3     Recurrence of Knee Joint Instability 

 The main causes of recurrent instability after ACL recon-
struction may be classifi ed in three groups and they may 
occur in isolation or interact with one another: technical 
surgical error, new injury, and lack of graft incorpora-
tion into the surrounding tissue (biological failure) [ 31 ]. 
Failures may also be classifi ed as early if they occur within 
6 months of the operation or late if they occur any time 
thereafter [ 31 ]. Technical surgical errors are the most 
common cause of failure [ 24 ,  27 ,  32 ,  33 ], particularly in 
early recurrences occurring within the fi rst year of athletic 
activity. However, new injury has been cited as the main 
cause of repeat rupture by numerous studies [ 13 ,  34 – 36 ], 
including the Danish ACL Reconstruction Registry, which 
reported new injury as being more frequent than surgical 
error (36.2 % vs. 21.5 %) in causing repeat ACL tears [ 37 ]. 
In addition, the data from the Multicenter ACL Revision 
Study (MARS) indicate that the cause of failure is multi-
factorial and that injury is more often the cause than surgi-
cal error: injury in 32 % of cases, surgical error in 24 %, 

biological incorporation failure in 7 %, and a combination 
of all of the above in 37 % [ 38 ]. 

 The most common technical error leading to ACL graft 
elongation is tunnel malposition, particularly nonanatomical 
position (Fig.  42.1 ) of the femoral tunnel [ 24 ,  38 – 42 ], which 
is three times more frequent than nonanatomical tibial tunnel 
placement [ 32 ]. Recurrence due to new injury is more com-
mon in people practicing sports; in the United States, the 
sports associated with greater risk are basketball, American 
football, and soccer [ 38 ].   

42.4     Clinical and Instrumental Diagnosis 

 While clinical examination of recurrent anterior knee joint 
instability is identical to that for primary ACL rupture, a 
foremost concern is understanding what were the causes, 
besides injury, so that surgical treatment can be planned 
appropriately. Recurrence may be due to having missed 
peripheral ligament damage during primary reconstruction 
or because of axial malalignment with graft elongation over 
time. The incidence of such failures varies from 2.8 to 31 % 
[ 27 ,  36 ,  43 ]. The most commonly missed peripheral lesions 
are posteromedial and posterolateral injuries in particular 
[ 44 ]. If associated with previous total or partial medial men-
iscectomy, posterolateral injury can lead to varus angulation 
and progressive elongation of the new ACL, resulting in liga-
ment defi ciency. In such cases, revision should be combined 
with valgus-producing tibial osteotomy to avert repeat recur-
rence [ 45 ]. Another option that may be considered is menis-
cal graft placement when the varus deformity is related to the 
lack of the internal meniscus. Such approaches, however, 
will not satisfy the needs of professional athletes who want 
rapid return to sports activity. 

 Plain and weight-bearing radiographs are important for 
identifying metal implants that may interfere with the place-
ment of a new tunnel, to evaluate tunnel position (Fig.  42.2 ) 
and any axial malalignment. Computed tomography is useful 
for quantifying bone tunnel enlargement, which may be 
over- or underestimated on plain radiographs [ 46 ,  47 ]. 
Examination will include magnetic resonance imaging 
(MRI) to evaluate the state of the tunnel, other ligaments, 
menisci, chondral tissue, and all joint compartments.  

 In addition to physical examination and imaging studies, 
preoperative work-up will include thorough history taking to 
collect information on the onset of symptoms, the time since 
primary surgery, the extent of new injury, the type of reha-
bilitation received, and the type of sport the patient engages 
in. Collectively, this information provides essential clues to 
understanding whether the recurrence is due to biological 
failure, injury, or surgical error. Also useful is having the 
patient’s medical records at hand to review the type of graft 
implanted, the type of implantation technique, the 

  Fig. 42.1    Nonanatomical position of the femoral tunnel and the new 
correct position ( white circle )       
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 preoperative condition of the menisci and cartilage, and the 
type of fi xation material used.  

42.5     Graft Selection 

 Graft selection in revision ACL reconstruction depends on 
many factors, including the tendon used in the primary repair 
procedure, tunnel position and widening, peripheral laxity, and 
the surgeon’s experience. Both autografts and allografts may 
be used. The most commonly used autografts are the patellar 
tendon, the gracilis and semitendinosus tendons, and the quad-
riceps tendon. The advantage of using the patellar tendon is that 
it can be harvested together with a large tibial wedge to fi ll 
tunnel enlargement. Though reuse of the patellar tendon from 
the primary surgery was once proposed [ 48 ], various authors 
have advised against employing this technique because of the 
tendon’s diminished mechanical properties and the higher risk 
of complications such as patellar fracture and tendon rupture 
[ 49 ]. The quadriceps tendon has the same mechanical proper-
ties as the patellar tendon but is associated with a higher risk of 
patellar fracture when the patellar tendon has been used. The 

pes anserinus tendons offer the advantage that harvesting cre-
ates fewer problems at the harvest graft site; however, because 
they are relatively small, they cannot be used when a preexist-
ing anatomic tunnel will be used and when the patellar tendon 
and a tunnel (diameter, 10–11 mm) were employed in the pri-
mary surgery. Again, because they are small, pes anserinus ten-
dons cannot be used in tunnel enlargement; however, they do 
permit easier creation of a new tunnel when the old tunnel is 
malpositioned, and there is less space to create a new tunnel in 
a correct anatomical position. The literature reports no differ-
ences in results with the use of patellar or hamstring tendons, as 
for primary reconstructions. 

 Allografts have the distinct advantages that there is no har-
vest graft site morbidity and that they allow for multiple liga-
ment reconstructions and, especially important, large bone 
gaps from tunnel enlargement can be fi lled. Though there do 
not appear to be any signifi cant differences between the use 
of allografts and autografts [ 50 ], failure rates with soft tissue 
allografts were higher in young athletes [ 51 ]. Because bio-
logical incorporation of allografts is slower [ 52 ] and the fail-
ure rate is higher in elite athletes, we advise against their use 
as a fi rst choice in graft selection. In the United States, 

  Fig. 42.2    X-ray standard to evaluate tunnel position (incorrect)       
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allografts are used in just over 50 % of revision ACL recon-
structions and patellar grafts in 50 % [ 38 ]. Generally, we pre-
fer using ipsi- or contralateral autografts, reserving allografts 
for repeat revision, associated ligament damage, and when 
large bone wedges are needed for tunnel enlargement.  

42.6     Treatment Strategy 

 Revision ACL reconstruction can be performed as a two- 
stage or more often using a single-stage technique, the pre-
ferred of the two, because of the longer time needed for bone 
defect fi lling (3–5 months after bone grafting of the tunnel 
on average) and the higher risk of meniscal tears and chon-
dral degeneration, with rapid progression of arthrosis [ 27 , 
 53 ,  54 ]. The two-stage technique should be reserved for 
cases in which there is evidence on preoperative computed 
tomography or during surgery of excessive widening of 
≥16–17 mm in diameter of one or both tunnels [ 55 ]. 

 The less anatomic the tunnel position, the easier it will be to 
create an anatomically correct tunnel. New tunnels will have a 
vital spongious bone wall that will promote incorporation of the 
new graft (Fig.  42.3 ). We believe that, in order to create a new 
femoral tunnel, the surgeon will need to be familiar with the 
anteromedial and the outside-in techniques. Both portal tech-
niques allow the tibial and femoral tunnels to be drilled indepen-
dently for achieving an anatomically more correct tunnel 
position [ 56 ]. Particularly for the femoral bone, if a preexisting 
tunnel has been placed with the transtibial approach, a com-
pletely new tunnel can be created along its entire length. If the 
old femoral tunnel is malpositioned but close enough to the ana-
tomical position, the outside- in technique is preferable since it is 
more likely to allow for the creation of a new tunnel with a cor-
rect exit point, which may be the same as the aperture of the old 
tunnel but having a completely different direction. The tech-
nique we apply entails reaming over the guide wire in both 
outside-in and anteromedial portal reconstructions at about 

6 mm in diameter less than the fi nal diameter. The tunnel is then 
widened by free-hand reaming to the diameter of the previously 
prepared graft. Using increasingly larger diameter reamers per-
mits approximation of the correct tunnel position until the defi n-
itive tunnel diameter has been created and allows for correcting 
tunnel placement, as determined by knee joint fl exion-extension 
(anteromedial technique) and free-hand reamer direction with-
out the guide wire [ 40 ]. Use of the medial port in both tech-
niques permits complete visualization of the entire medial wall 
of the lateral condyle and precise positioning of the tunnel.  

 Assuming that anatomic placement of the femoral tunnel 
during primary reconstruction surgery will become increas-
ingly precise, we will likely encounter anatomically placed 
tunnels in the future. In such cases, we will need to approach 
the old tunnel via the anteromedial or outside-in technique 
but drilling to a larger diameter to remove bone and obtain a 
tunnel wall with vital tissue that will promote integration of 
the new graft. For this reason, it will be better to use a patel-
lar graft with a bone wedge that can be shaped to the new 
tunnel or to use an allograft. 

 One of the major problems is the tibial tunnel. Creating a 
completely new tibial tunnel is practically impossible 
because of overlap, at least at the exit point. A similar chal-
lenging situation is a preexisting tunnel aperture that is too 
posterior. Therefore, even if we have created a new, more 
anteriorly and anatomically correct tunnel, the exit points 
will overlap and position the new graft posteriorly, raising 
the risk of renewed failure. To overcome this problem, we 
can fi ll the posterior end of the tunnel with a bone dowel and 
perform a two-stage revision or revision with a double- 
bundle technique and tibial tunnel widening [ 55 ]. 

 Synthesis materials should be removed if they induce 
hypersensitivity reactions or interfere with the new tunnel. If 
located near the new tunnel, they should be left in place to 
avert wall rupture and tunnel enlargement. 

 In recurrence of knee joint instability with moderate to 
severe ligament laxity (pivot shift test score 3+), external 
extra-articular plasty should be performed, for which we pre-  Fig. 42.3    New tunnels will have a vital spongious bone wall       

  Fig. 42.4    Posteromedial meniscocapsular separation       
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fer the Coker-Arnold procedure, or anterolateral ligament 
reconstruction considered. 

 An additional concern is deterioration of the secondary 
stabilizers in recurrences due to nontraumatic graft elonga-
tion. Posteromedial meniscocapsular separation (Fig.  42.4 ) 
must be repaired because the posterior horn of the medial 
meniscus and the tibial meniscal ligament serve as secondary 
stabilizers of anterior tibial translation when the ACL is 
absent. In chronic laxity, as in nonfunctional grafts, there is 
progressive detensioning, leading to rupture of the menisco-
capsular insertion or of the posteromedial meniscotibial liga-
ment [ 31 ]. Such injuries should always be repaired to prevent 
excessive strain on the graft, together with retensioning of 
the posteromedial corner, which can be easily performed 
using femoral or tibial suture anchors, depending on the type 
of lesion.   

42.7     Rehabilitation and Return to Sports 

 Over 40 % of patients do not return to their pre-injury ath-
letic activity level after repeat ACL reconstruction [ 13 ,  15 , 
 36 ,  41 ]. Chondral and meniscal damage affects the capacity 
for recovery, and improvement after repeat ACL reconstruc-
tion is less favorable than after primary surgery. Except for a 
few case series, there are no studies involving only profes-
sional athletes [ 13 ]. In revisions with placement of a new 
tunnel, the rehabilitation protocol is the same as for primary 
reconstruction since we can rely on the primary fi xation. If 
there are problems with tunnel enlargement, slow rehabilita-
tion at least for the fi rst month postsurgery is advisable to 
reduce the risk of further enlargement and biological failure. 
In peripheral reconstructions, the rehabilitation protocol 
should be adapted to the type of arthroplasty performed. We 
use the same rehabilitation protocol after external extra- 
articular plasty as after ACL reconstruction. Early rehabilita-
tion after primary ACL surgery is important, whereas the use 
of braces affords no extra advantage. A slow rehabilitation 
program after revision ACL reconstruction is recommended; 
in many cases, bracing can aid in facilitating graft integra-
tion. The timing of return to sports should be discussed with 
the patient since it varies and depends on muscle recovery, 
psychological factors, neuromuscular control, and knee joint 
stability.     

   References 

    1.    Giannotti SM, Marshall SW, Hume PA, Bunt L (2009) Incidence of 
anterior cruciate ligament injury and other knee ligament injuries: a 
national population-based study. J Sci Med Sport 12(6):622–627  

    2.    Parkkari J, Pasanen K, Mattila VM, Kannus P, Rimpela A (2008) 
The risk for a cruciate ligament injury of the knee in adolescents 
and young adults: a population-based cohort study of 46 500 people 
with a 9 year follow-up. Br J Sports Med 42(6):422–426  

    3.    Bach BR Jr (2003) Revision anterior cruciate ligament surgery. 
Arthroscopy 19(Suppl 1):14–29  

    4.    Mullaji AB, Marawar SV, Luthra M (2008) Tibial articular cartilage 
wear in varus osteoarthritic knees: correlation with anterior cruciate liga-
ment integrity and severity of deformity. J Arthroplasty 23(1):128–135  

    5.    Biau DJ, Katsahian S, Kartus J, Harilainen A, Feller JA, Sajovic M, 
Ejerhed L, Zaffagnini S, Ropke M, Nizard R (2009) Patellar tendon 
versus hamstring tendon autografts for reconstructing the anterior 
cruciate ligament: a meta-analysis based on individual patient data. 
Am J Sports Med 37(12):2470–2478  

    6.    Biau DJ, Tournoux C, Katsahian S et al (2007) ACL reconstruction: 
a meta-analysis of functional scores. Clin Orthop Relat Res 458:
180–187  

    7.    Chouteau J, Benareau I, Testa R, Fessy MH, Lerat JL, Moyen B 
(2008) Comparative study of knee anterior cruciate ligament recon-
struction with or without fl uoroscopic assistance: a prospective 
study of 73 cases. Arch Orthop Trauma Surg 128(9):945–950  

   8.    Corry IS, Webb JM, Clingeleffer AJ, Pinczewski LA (1999) 
Arthroscopic reconstruction of the anterior cruciate ligament: a 
comparison of patellar tendon autograft and four-strand hamstring 
tendon autograft. Am J Sports Med 27(4):444–454  

    9.    Freedman KB, D’Amato MJ, Nedeff DD, Kaz A, Bach BR Jr 
(2003) Arthroscopic anterior cruciate ligament reconstruction: a 
meta-analysis comparing patellar tendon and hamstring tendon 
autografts. Am J Sports Med 31(1):2–11  

    10.    Feller JA, Webster KE (2003) A randomized comparison of patellar 
tendon and hamstring tendon anterior cruciate ligament reconstruc-
tion. Am J Sports Med 31(4):564–573  

   11.    Liden M, Ejerhed L, Sernert N, Naxdal G, Kartus J (2007) Patellar 
tendon or semitendinosus tendon autografts for anterior cruciate 
ligament reconstruction: a prospective, randomized study with a 
7-year follow-up. Am J Sports Med 35(5):740–748  

   12.    Carlisle JC, Parker RD, Matava MJ (2007) Technical consider-
ations in revision anterior cruciate ligament surgery. J Knee Surg 
20(4):312–322  

         13.    Grossman MG, Elattrache NS, Shield CL, Glousman RE (2005) 
Revision anterior cruciate ligament reconstruction: three to nine 
year follow-up. Arthroscopy 21(4):418–423  

   14.    Mayr R, Rosenberger R, Agraharam D, Smekal V, El Attal R (2012) 
Revision anterior cruciate ligament reconstruction: an update. Arch 
Orthop Trauma Surg 132:1299–1313  

    15.    Denti M, Lo Vetere D, Bait C, Schonhuber H, Melegati G, Volpi P 
(2008) Revision anterior cruciate ligament reconstruction: causes 
of failure, surgical technique and clinical results. Am J Sports Med 
36(10):1896–1902  

   16.    Griffi th TB, Allen BJ, Levy BA, Stuart MJ, Dahm DL (2013) 
Outcomes of repeat revision anterior cruciate ligament reconstruc-
tion. Am J Sports Med 41(6):1296–1301  

   17.    Wright R, Spindler K, Huston L, Amendola A, Andrish J, Brophy R, 
Carey J, Cox C, Flanigan D, Jones M et al (2011) Revision ACL 
reconstruction outcomes: MOON cohort. J Knee Surg 24(4):
289–294  

   18.    Wright RW, Gill CS, Chen L, Brophy RH, Matava MJ, Smith MV, 
Mall N (2012) Outcome of revision ACL reconstruction: a system-
atic review. J Bone Joint Surg Am 94:531–536  

    19.    Gifstad T, Drogset JO, Viset A, Grontvedt T, Hortemo GS (2013) 
Inferior results after revision ACL reconstructions: a comparison 
with primary ACL reconstructions. Knee Surg Sports Traumatol 
Arthrosc 21:2011–2018  

    20.    Harner CD, Irrgang JJ, Paul J, Dearwater S, Fu FH (1992) Loss of 
motion after anterior cruciate ligament reconstruction. Am J Sports 
Med 20(5):499–506  

    21.    Mayr HO, Weig TG, Plitz W (2004) Arthrofi brosis following ACL 
reconstruction – reasons and outcome. Arch Orthop Trauma Surg 
124(8):518–522  

    22.    Mauro CS, Irrgang JJ, Williams BA, Harner CD (2008) Loss of 
extension following anterior cruciate ligament reconstruction: anal-

42 Revision Anterior Cruciate Ligament



352

ysis of incidence and etiology using IKDC criteria. Arthroscopy 
24(2):146–153  

    23.    van Dijk RA, Saris DB, Willems JW, Fievez AW (2008) Additional 
surgery after anterior cruciate ligament reconstruction: can we 
improve technical aspects of the initial procedure? Arthroscopy 
24(1):88–95  

        24.    Carson EW, Anisko EM, Restrepo C, Panariello RA, O’Brien SJ, 
Warren RF (2004) Revision anterior cruciate ligament reconstruc-
tion: etiology of failure and clinical results. J Knee Surg 
17(3):127–132  

    25.    Wang C, Ao Y, Wang J, Hu Y, Cui G, Yu J (2009) Septic arthritis 
after arthroscopy ACL reconstruction: a retrospective analysis of 
incidence, presentation, treatment and cause. Arthroscopy 25(3):
243–249  

    26.    Sonnery-Cottet B, Archbold P, Zayni R, Bortolletto J, Thaunat M, 
Prost T, Padua VB, Chambat P (2011) Prevalence of septic arthritis 
after ACL reconstruction among professional athletes. Am J Sports 
Med 39(11):2371–2376  

       27.    Diamantopoulos AP, Lorbach O, Paessler HH et al (2008) Anterior 
cruciate ligament reconstruction: results in 107 patients. Am J 
Sports Med 36:851–860  

    28.    Salmon LJ, Pinczewski LA, Russel VJ (2006) Revision anterior 
cruciate ligament reconstruction with hamstring tendon autograft: 5 
to 9 year follow-up. Am J Sports Med 34:1604–1614  

    29.    Biau DJ, Tournoux C, Katsahian S, Schranz PJ, Nizard RS (2006) 
Bone patellar tendon-bone autografts versus hamstring autografts 
for reconstruction of anterior cruciate ligament: meta-analysis. 
BMJ 332(7548):995–1001  

    30.    Bourke HE, Salmon LJ, Waller A et al (2012) Survival of the ante-
rior cruciate ligament graft and contralateral ACL at a minimum of 
15 years. Am J Sports Med 40:1985–1992  

      31.    Harner CD, Giffi n JR, Dunteman RC, Annunziata CC, Friedman 
MJ (2001) Evaluation and treatment of recurrent instability after 
anterior cruciate ligament reconstruction. Instr Course Lect 50:
463–474  

     32.    Trojani C, Sbihi A, Djian P, Potel JF, Hulet C, Jouve F, Bussiere C, 
Ehkirch FP, Burdin G, Dubrana F, Beaufi ls P, Franceschi JP, 
Chassaing V, Colombet P, Neyret P (2011) Causes of failure of 
ACL reconstruction and infl uence of meniscectomies after revision. 
Knee Surg Sports Traumatol Arthrosc 19(2):196–201  

    33.    Johnson DL, Swenson TM, Irrgang JJ, Fu FH, Harner CD (1996) 
Revision anterior cruciate ligament surgery: experience from 
Pittsburgh. Clin Orthop Relat Res 325:100–109  

    34.    O’Neill DB (2001) Arthroscopically assisted reconstruction of the 
anterior cruciate ligament. A follow-up report. J Bone Joint Surg 
Am 83-A(9):1329–1332  

   35.    Shelbourne KD, O’Shea JJ (2002) Revision anterior cruciate liga-
ment reconstruction using the contralateral bone-patellar tendon- 
bone graft. Instr Course Lect 51:343–346  

      36.    Noyes FR, Barber-Westin SD (2001) Revision anterior cruciate 
surgery with use of bone-patellar tendon-bone autogenous grafts. 
J Bone Joint Surg Am 83-A(8):1131–1143  

    37.    Lind M, Menhert F, Pedersen AB (2009) The fi rst results from the 
Danish ACL reconstruction registry: epidemiologic and 2 year fol-
low- up results from 5818 knee ligament reconstructions. Knee Surg 
Sports Traumatol Arthrosc 17(2):117–124  

       38.    Wright RW, Huston LJ, Spindler KP, Dunn WR, Haas AK, Allen 
CR, Cooper DE, DeBerardino TM, Lantz BB, Mann BJ, Stuart MJ 
(2010) Descriptive epidemiology of the Multicenter ACL Revision 
Study (MARS) cohort. Am J Sports Med 38(10):1979–1986  

   39.    Morgan JA, Dahm D, Levy B, Stuart MJ (2012) Femoral tunnel 
malposition in ACL revision reconstruction. J Knee Surg 25(5):
361–368  

    40.    Yong MA, Ying-fang AO, Jia-kuo Y, Ling-hui DAI, Zhen-xing 
SHAO (2013) Failed anterior cruciate ligament reconstruction: 
analysis of factors leading to instability after primary surgery. Chin 
Med J 126(2):280–285  

    41.    Garofalo R, Djahangiri A, Siegrist O (2006) Revision anterior cru-
ciate ligament reconstruction with quadriceps tendon-patellar bone 
autograft. Arthroscopy 22(2):205–214  

    42.    Taggart TF, Kumar A, Bickerstaff DR (2004) Revision anterior cru-
ciate ligament reconstruction: a midterm patient assessment. Knee 
11(1):29–36  

    43.    Noyes FR, Barber-Westin SD (2006) Revision anterior cruciate sur-
gery with using a 2 stage technique with bone grafting of the tibial 
tunnel. Am J Sports Med 34(4):678–680  

    44.    Fanelli GC, Edson CJ, Maish DR (2001) Revision anterior cruciate liga-
ment reconstruction: associated patholaxity, tibio-femoral malalign-
ment, rehabilitation, and results. Am J Knee Surg 14(3):201–204  

    45.    Noyes FR, Barber SD, Simon R (1993) High tibial osteotomy and 
ligament reconstruction in varus angulated, anterior cruciate 
ligament- defi cient knees. A two to seven year follow-up study. Am 
J Sports Med 21(1):2–12  

    46.    Merchant MH Jr, Willimon SC, Vinson E, Pietrobon R, Garrett WE, 
Higgins LD (2010) Comparison of plain radiography, computed 
tomography, and magnetic resonance imaging in the evaluation of 
bone tunnel widening after anterior cruciate ligament reconstruc-
tion. Knee Surg Sports Traumatol Arthrosc 18(8):1059–1064  

    47.    Hoser C, Tecklenburg K, Kuenzel KH, Fink C (2005) Postoperative 
evaluation of femoral tunnel position in ACL reconstruction: plain 
radiography versus computed tomography. Knee Surg Sports 
Traumatol Arthrosc 13(4):256–262  

    48.    Karns DJ, Heidt RS, Holladay BR, Colosimo AJ (1994) Case report: 
revision anterior cruciate ligament reconstruction. Arthroscopy 
10:148–157  

    49.    Kartus J, Stener S, Lindhal S, Eriksson BL, Karlsson J (1998) Ipsi- 
or contralateral patellar tendon graft in anterior cruciate ligament 
reconstruction. Am J Sports Med 26:499–504  

    50.    Carey JL, Dunn WR, Dahm DL, Zeger SL, Spindler KB (2009) 
A systematic review of anterior cruciate ligament reconstruction 
with autograft compared with allograft. J Bone Joint Surg Am 
91(9):2242–2250  

    51.    Borchers JR, Pedroza A, Kaeding C (2009) Activity level and graft 
type as risk factors for anterior cruciate ligament graft failure: 
a case-control study. Am J Sports Med 37(12):2362–2367  

    52.    Harner CD, Lo MY (2009) Future of allografts in sport medicine. 
Clin Sports Med 28(2):327–340  

    53.    Thomas NP, Kankate R, Wandless F, Pandit H (2005) Revision 
anterior cruciate ligament reconstruction using a 2-stage technique 
with bone grafting of the tibial tunnel. Am J Sports Med 33(11):
1701–1709  

    54.    Ohly NE, Murray IR, Keating JF (2007) Revision anterior cruciate 
ligament reconstruction: timing of surgery and the incidence of 
meniscal tears and degenerative change. J Bone Joint Surg Br 
89(8):1051–1054  

     55.    Cheatham SA, Johnson DL (2013) Anticipating problems unique to 
revision ACL surgery. Sports Med Arthrosc Rev 21(2):129–134  

    56.    Silva A, Sampaio R, Pinto E (2012) ACL reconstruction: compari-
son between transtibial and anteromedial portal techniques. Knee 
Surg Sports Traumatol Arthrosc 20(5):896–903    

P. Adravanti and S. Nicoletti



353P. Volpi (ed.), Arthroscopy and Sport Injuries: Applications in High-level Athletes,
DOI 10.1007/978-3-319-14815-1_43, © Springer International Publishing Switzerland 2016

43.1             Anatomy 

 The  posterior cruciate ligament  ( PCL ) is an intra-articular 
structure, surrounded by synovial membrane, and it provides 
about 95 % of the total resistance to posterior translation of the 
tibia. Its tensile strength is nearly twice that of the ACL [ 1 ]. 
Different studies demonstrated that, just like the ACL, PCL is 
composed of two different bundles: anterolateral (AL) and pos-
teromedial (PM), which have different functions during knee 
movement [ 2 ,  3 ]. PCL has been described to be from 32 to 
38 mm long and to have a cross-sectional area of 11 mm [ 4 ]. 
Femoral insertion of the PCL is located on the lateral side of the 
medial femoral condyle, in an area which is much larger than 
the ligament’s thickness: AL bundle insertion starts from the 
medial intercondylar ridge, 13 mm posterior to the medial 
articular cartilage- intercondylar wall interface and 13 mm infe-
rior to the articular cartilage-intercondylar roof interface [ 5 ]. 
PM bundle insertion is located 8 mm posterior to the medial 
articular cartilage-intercondylar wall interface and 20 mm infe-
rior to the articular cartilage-intercondylar roof interface [ 5 ]. 
The tibial insertion is located posteriorly to the posterior horn 
of the medial meniscus, 10–15 mm below the articular surface, 
around 7 mm anteriorly to the posterior tibial cortex [ 6 ,  7 ]. Just 
anteriorly to the PCL passes  Humphrey ’ s ligament  (also called 
anterior meniscofemoral ligament), connecting the posterior 
horn of the lateral meniscus to the medial femoral condyle. The 
same structures are connected also by the posterior menisco-
femoral ligament ( Wrisberg ’ s ligament ), which is located pos-
terior to the PCL. These two ligaments may serve as a secondary 
stabilizer in a PCL-defi cient knee [ 8 ]. PCL is mainly vascular-
ized by the middle geniculate artery and innervated by articular 
branches of the tibial nerve [ 9 ].  

43.2     Biomechanic 

 PCL biomechanic has been a hard challenge for years. 
Different studies in the past have shown the AL bundle to be 
extended during knee fl exion and laxed during knee extension, 
while the PM bundle to be extended during knee extension and 
laxed during knee fl exion [ 10 ,  11 ]. This led to the idea that the 
two bundles had an independent function, with the AL work-
ing in fl exion and the PM working in extension. New studies 
changed this kind of vision, which nowadays has been substi-
tuted with a more synergical one. During fl exion, actually, it is 
true that the AL bundle becomes tighter, but it becomes also 
more vertically oriented, losing its ability to resist posterior 
tibial translation. The PM bundle, instead, during fl exion 
becomes more horizontally oriented, acquiring ability in pos-
terior stabilization [ 10 – 12 ]. It is nowadays clear that none of 
the two PCL bundles acts independently in restraining poste-
rior tibial translation at any degree of knee fl exion.  

43.3     Epidemiology 

 PCL injury is rarely an isolated lesion. It is more commonly associ-
ated with other lesions in patients with multiligamentous rupture. 

 The incidence of PCL rupture in literature goes from 1 to 
44 % of all acute knee ligament injuries [ 13 – 17 ]. 

 It was reported that up to 2 % of NFL professional players 
are found to have a PCL laxity, and they are usually unaware 
about this lesion [ 18 ]. 

 The most frequent multiligamentous injuries involving 
the PCL are PCL-PLC (posterolateral corner), followed by 
PCL-ACL and PCL-PMC (posteromedial corner) [ 19 ].  

43.4     Injury Mechanism 

 The most common injury causes are high-energy trauma like 
road traffi c accidents ( dashboard  injury and motorcycle 
accidents), which are responsible for about 45 % of PCL 
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tears. The second most frequent cause of lesion is sports 
injuries (40 %), which are usually responsible for low-energy 
traumatic ruptures [ 20 ]. Different mechanisms of injury are 
described:
•    Posteriorly directed trauma on the proximal tibia (as 

dashboard injuries or the fall onto a fl exed knee with foot 
in plantar fl exion)  

•   Knee hyperfl exion injuries  
•   Forced knee hyperextension (classic ACL + PCL injury)  
•   Rotational injury with varus or valgus stress (classic 

PCL + MCL/LCL)     

43.5     Clinical and Diagnostic Examination 

 PCL tears are not always easy to discover, especially chronic 
lesions, because they can sometimes be asymptomatic. 

 Unlike ACL injuries, PCL isolated lesions usually cause a 
gradual and slow swelling over the fi rst days, patients are 
usually able to bear weight on the injured knee, and espe-
cially for isolated tears, they rarely complain a sense of knee 
instability during daily life activities. 

 Patients with PCL injuries may complain generalized 
knee pain, not being able to identify the kind of problem and 
its location. 

 In patients with chronic PCL-defi cient knees, pain with 
prolonged walking and descending stairs is the main issue and 
is localized to the medial side or patellofemoral joint [ 19 ]. 

 A standard examination should be executed, with atten-
tion to eventual joint effusion, patient’s gait pattern, and 
extremity alignment. 

 There are specifi c tests for investigating PCL tears:
•    Posterior sag sign: patient supine with knees fl exed 90°. 

In case of lesion, the tibia of the affected leg subluxates 
posteriorly (it may be negative in acute setting due to 
muscular contraction or swelling).  

•   Godfrey test: modifi cation of posterior sag sign test. Both 
hip and knee fl exed 90°.  

•    Posterior drawer : performed at 90° of knee fl exion. In a 
stable knee, the anterior border of the tibial plateau is 
about 1 cm anterior to the femoral condyles. 
 Results are graded basing on the tibia position and on its 
posterior translation during the test.
   Grade I: the tibia is located anteriorly to the medial femo-

ral condyle, and it can be translated in a range of 
0–0.5 cm posterior to the femoral condyle.  

  Grade II: the tibia is located at the same level of the medial 
femoral condyle, and it can be translated in a range of 
0.5–1 cm posterior to the femoral condyle.  

  Grade III: the tibia is displaced posteriorly to the medial 
femoral condyle, and it can be translated more than 
1 cm posterior to the femoral condyle [ 21 ]. Grade III is 
usually found in associated PCL-PLC lesions.    

 Posterior drawer test is 90 % sensitive and 99 % specifi c for 
the diagnosis of PCL injury [ 22 ].  
•   Quadriceps active test: knee fl exed between 70 and 90°. 

In case of lesion, quadriceps contraction anteriorly trans-
lates tibia to its normal position.  

•    Dial test : the foot’s angle is measured with an external 
rotation force applied with knees fl exed 30° and 90°. If 
the angle on the affected side is more than 10–15° greater 
than the opposite side at 30° of fl exion only, it suggests an 
isolated PLC injury; if the difference is found when the 
test is performed at 90° of fl exion only, it suggests an iso-
lated PCL injury; when the test is positive at both 30 and 
90° of knee fl exion, the diagnosis is a combined PCL and 
PLC injury [ 15 ,  23 ,  24 ].  

•   Reverse pivot shift: knee fl exed and extrarotated is 
extended with a valgus stress. Positive if a sensation of 
reduction is appreciated.    
 It is always mandatory to clinically evaluate every other 

ligamentous structure of the knee when a PCL tear is found 
(ACL, PLC, MCL, LCL). 

 Imaging diagnostic exams should also be performed to 
complete the diagnosis:
•    Radiographic evaluation: it is necessary for patients with 

an acute trauma to exclude bone lesions such as fractures 
of the tibial plateau, femoral condyles, or patella. It may 
also show a bone avulsion from tibial PCL insertion. 
 When the clinical tests are not clear and the surgeon is not 
sure about the PCL integrity, a lateral radiography with 
tibial posterior stress (both with commercial stress sys-
tems and with maximum hamstring contraction) can dem-
onstrate posterior tibial translation. 
 In chronic lesion arthritic changes could develop.  

•   MRI: very accurate imaging exam (99 %), especially in 
the sagittal views [ 15 ]. It is indicated to have the confi r-
mation of PCL lesion when there is a clinical suspect, but 
it is also useful for diagnosing associated lesions, even if 
bone bruise and meniscal tears are less commonly associ-
ated with PCL than they are with ACL [ 17 ]. Less sensitive 
in differentiating complete tears from partial tears [ 25 ]  

•   TC: has a minor role as for other ligamentous lesions but 
can be used to better evaluate every bone lesion such as 
tibial spine fractures or tibial plateau bone avulsion     

43.6     Conservative Management 

 The natural history of untreated isolated PCL tears is still 
unclear. Patients may clinically tolerate an isolated PCL- 
defi cient knee and may not appreciate any disability initially; 
that is why there was a general consensus that isolated tears do 
well with conservative treatment. Prospective studies with 2–5 
years of follow-up showed that the majority of the patients 
treated conservatively had good subjective results; half were 
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able to return to their sport at the same or higher level [ 17 ,  26 ]. 
Nevertheless biomechanical studies showed that PCL defi -
ciency results in altered loads and kinematics during functional 
activities [ 27 – 29 ]. Three specifi c phases have been described 
after PCL injuries. A survey of nonoperatively treated isolated 
PCL injuries at 15 and 25 years of follow-up shows a high 
incidence of arthrosis, especially in the medial and patellofem-
oral compartments as well as meniscal tear. At 15 years, 89 % 
had persistent pain and 50 % had chronic effusions [ 30 ]. At 25 
years, almost all had degenerative changes [ 30 ]. The fi rst is the 
adaptation stage which ranges from 3 to 18 months, the second 
is the functional tolerance stage that ranges from 15 to 20 years, 
and the fi nal phase involves osteoarthritic degeneration and 
usually occurs after 25 years [ 30 ,  31 ]. The natural history of 
PCL- defi cient knee is to develop overtime degenerative 
changes in the medial and patellofemoral compartments. 

 The goal of the rehabilitation program is to strengthen the 
musculature about the knee while minimizing forces across 
the patellofemoral and tibiofemoral compartments. In theory, 
quadriceps strengthening may compensate enough for loss of 
PCL [ 32 ]. Tibiofemoral compression forces are reduced with 
closed kinetic chain exercise; open kinetic chain quadriceps 
exercises exert an anterior pull on the tibia [ 33 ]. In our experi-
ence, acute grade I isolated PCL injuries are treated nonopera-
tively and could also be advocated for many grade II injuries. 
Individual treatment decision for an isolated grade II PCL 
injury is based on surgeon experience and patients factors and 
desires (usually high demanding athletes). Conservative man-
agement for grade I and II PCL injuries consist in pain relief, 
rest, ice, elevation regime, and immobilization of the knee 
with a brace locked in full extension 2–4 weeks, which will 
result in a decreased tension on the anterolateral bundle 
crutches and strengthening of the quadriceps muscle [ 34 ]. It is 
advisable to place within the brace a pad under the tibia to 
counter the force of gravity [ 35 ]. Conservative management of 
grade III PCL injuries could still be possible and is done by 
immobilizing the knee in full extension for 2–4 weeks. The 
patient is then allowed to progressive weight bearing with 
active, assisted range of motion exercises and quadriceps 
strengthening [ 20 ]. Return to sport is generally permitted 
when full quadriceps strength is regained, which usually takes 
6–12 months. In spite of his rehabilitation program, progres-
sive degeneration of the knee may be inevitable [ 30 ]. 
Nevertheless it is still not demonstrated whether the new 
advances in surgical reconstruction of PCL could change the 
natural history of this degenerative process.  

43.7     Surgical Indications 

 Indications for surgical treatment of  acute PCL injuries  
include insertion site avulsions with greater than grade I lax-
ity, a decrease in tibial step of 8 mm or greater, and PCL tears 

combined with other structural injuries. Indications for sur-
gical treatment of  chronic PCL injuries  are when an isolated 
PCL tear becomes symptomatic or when progressive func-
tional instability develops. The symptoms are pain and 
swelling, but not instability as with the anterior cruciate- 
defi cient knee. Initially the patient complains of patellofem-
oral pain, and then later on there is increased wear of the 
medial compartment.  

43.8     Surgical Timing 

 The surgical timing should be considered in the context of the 
individual patient. Besides more than 50 % PCL injuries 
occur in multiple trauma patient [ 36 ], surgical timing is 
dependent upon vascular status, skin condition, systemic 
injuries, open versus closed knee injury, meniscus and carti-
lage, other orthopedic injuries, and the collateral/capsular 
ligaments involved. Multiple ligament knee injuries may 
require staged procedures (fi rst acute capsular collateral 
structure repair and a delayed ACL/PCL reconstruction) [ 32 ]. 

 Acute PCL reconstruction performed between 2 and 3 
weeks post injury allows sealing of capsular tissues to per-
mit an arthroscopic approach. Delayed PCL reconstruction 
may be indicated for patients below 60 years of age with 
persistent symptoms of pain and instability. These may help 
to rebalance pressure and shear forces within the knee, 
slowing progression of medial compartment degeneration, 
and the reduction of the posterior tibial translation restores 
the mechanical advantage of the quadriceps mechanism, 
thereby reducing patellofemoral contact forces as well [ 19 ]. 
Before performing a delayed PCL reconstruction, a thor-
ough examination of the limb alignment and of the joint 
degeneration is mandatory. A long-standing weight-bearing 
x-ray AP (hip to ankle), lateral at 30° of knee fl exion, and 
patellofemoral axial views are recommended. In case of a 
symptomatic varus malalignment a high tibial osteotomy 
should be performed fi rst. In case of severe arthrosis a PCL 
reconstruction is not still indicated.  

43.9     Graft Selection 

 Autograft from the same or the opposite side as well as 
allograft could be chosen. The autografts that could be used 
are quadriceps tendon, patellar tendon, and hamstrings. 
Allografts are Achilles tendon, patellar tendon, quadriceps 
tendon, hamstrings tendon, and tibialis tendon. The most 
popular are Achilles tendon allograft, which is the senior 
author’s fi rst choice, and quadriceps tendon autograft. These 
two grafts have a bone block at one end. Placing the bone 
block into the tibial tunnel eliminates the  killer tunnel angle  
and looks like a posterior inlay graft [ 37 ].  
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43.10     Surgical Treatment 

43.10.1     Avulsion Fragments 

 Fixation with a screw via a posterior approach is recom-
mended for larger fragments; arthroscopic fi xation with 
suture is also possible [ 38 ]. 

 Whatever the surgical technique chosen, the goal of pos-
terior cruciate ligament is reconstruction are to identify and 
treat all pathology (especially posterolateral and posterome-
dial instability), utilize strong graft material, accurately place 
tunnels in anatomic insertion sites, minimize graft bending, 
a proper graft tensioning, a strong fi xation and employ 
appropriate postoperative rehabilitation program [ 20 ,  39 ]. 

 The recommended surgical approaches are as follows:
    1.    All inside: transtibial single bundle and transtibial double 

bundle   
   2.    Tibial inlay      

43.10.2     The Transtibial Single-Bundle PCL 
Technique 

 The transtibial  single-bundle PCL  is the traditional and most 
common reconstruction and is the senior author’s preferred 
procedure. The surgeon must clearly identify the PCL poste-
rior tibial attachment site to place the tibial tunnel in an ana-
tomic position and must avoid penetration into the posterior 
capsule and subsequent damage to the neurovascular struc-
tures. The goal is to place the guide pin in the distal central 
portion of the PCL fossa, 20–25 mm from the proximal 
entrance to leave 15 mm of tibial bone proximal to the tunnel 
to prevent anterior graft migration. 

 The following are safety procedures to avoid neurovascu-
lar injuries:
    1.    Clearly identify the whole PCL fossa.   
   2.    Use a PCl guide protector and drill slowly with direct view-

ing of the guide pin (a fl uoroscopy check can be used).   
   3.    The ream of the fi nal portion of the tunnel is done by 

hand.     
 Femoral tunnel placement is done in the anterior half of 

the femoral PCL footprint. The edge of the tunnel should be 
2–3 mm from the articular cartilage, so the center of the tun-
nel, depending from the graft diameter, is placed 7–8 mm 
from the cartilage edge. The tunnel could be drilled from the 
AM portal or outside-in using the subvastus technique which 
is the senior author’s choice. If the tunnel is placed too distal, 
the graft will be subject to high tensile forces in fl exion 
resulting in a lack of fl exion; otherwise a too proximal tunnel 
placement results in a slacken graft in fl exion with tibial pos-
terior subluxation. When pulling the graft out from the tibial 
tunnel into the femoral tunnel to avoid impingement of the 
graft on the superior edge of the tibial tunnel, a trocar is 

placed from the posteromedial portal between the graft and 
the tunnel superior edge to act as a pulley, pulling up and 
backward the graft while it is driven into the femoral tunnel. 

 The graft is fi xed in the femoral tunnel with a nonmetal 
interference screw placed from outside-in. The graft is ten-
sioned through several knee fl exion-extension cycles. The tib-
ial bone plug is fi xed with an interference screw while the knee 
is fl exed to 90°, and an anterior drawer is applied to the tibia. 

 The advantages of transtibial PCL reconstruction are: 
familiar technique of drilling the tibia, possibility to use soft 
tissue graft, and the use of spatula type tibial guides that 
reduces the risk of neurovascular injuries. The disadvantages 
of transtibial PCL reconstruction are as follows: risks for 
neurovascular injury and killer tunnel turn. This describes 
the sharp graft angulation that occurs when the graft winds 
around the posterior tibia. The killer turn could lead to graft 
elongation, fraying, and failure of the graft. To decrease soft 
tissue graft abrasion at the tibial tunnel, the bone portion of 
the graft is placed in a tibial tunnel directly adjacent to the 
tunnel exit. Also chamfering the tibial tunnel exit with a rasp 
results in decreasing the graft abrasion effect.  

43.10.3     The Double-Bundle Technique 

 Biomechanical studies show that the  double - bundle  tech-
nique is able to restore normal knee laxity across the full 
range of fl exion and may closely mimic the intact knee pos-
terior tibial translation and PCL in situ forces with measur-
able benefi ts in rotational and posterior stability. The tibial 
tunnel is performed as the former technique. Two femoral 
tunnels are performed. The anterior tunnel is centered 6 mm 
deep to the articular cartilage and the posterior one 8 mm 
proximal to the articular cartilage edge. A 2–3 mm bone 
bridge is left between the two tunnels.  

43.10.4     The Posterior Inlay Technique 

 The  posterior inlay  technique was felt to be an improvement 
as it avoided the “killer tunnel angle” at the posterior edge of 
the tibia. The tibial bone plug is secured at the PCL tibial 
footprint to avoid excessive graft abrasion. Cadaver lab study 
showed an attenuation and thinning of a transtibial graft as it 
passes around the back of the tibia [ 40 ]. The posterior inlay 
graft does not have this problem and should be able to sur-
vive the posterior force of gravity as well as the forces 
applied during the cyclic loading of the graft. 

 The advantages of the posterior inlay technique are the 
reduction of the killer tunnel turn and the reduction of the 
risk of neurovascular injury. 

 The disadvantages of the posterior inlay technique are 
that this procedure could be technically demanding, the 
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patient must be turned to expose the back of the tibia, and the 
large posterior arthrotomy may reduce the knee stability.  

43.10.5     Innovations 

 An innovation is the split stacked Achilles tendon allograft that 
allows a longer bone plug and more collagen and results in a 
higher load to failure (40 % stronger 1,040 N vs 660 N) [ 41 ]. 

 In order to reduce the “killer turn” at the back of the tibia, 
the tibial tunnel could be drilled from the lateral side of the tibia 
[ 42 ]; an augmentation of the PCL remnant (often the postero-
medial bundle) through a transseptal approach seems to reduce 
attenuation of the graft around the back of the tibia [ 43 ]. 

 A very interesting innovation is the  all-inside PCL recon-
struction  or arthroscopic PCL inlay that could be an excel-
lent compromise [ 44 ].   

43.11     Postoperative Management 

 The  rehabilitation  approach is more conservative than the 
postoperative management after ACL reconstruction. The 
PCL is the primary static stabilizer of the knee, and allowing 
weight bearing during the immediate postoperative period 
could cause the failure of the graft [ 11 ]. 

 The postoperative program is designed to progressively 
increase load and enhance the functional abilities with mini-
mal exposure to injury risk positions [ 45 ]:
   Weeks 0–5. Non-weight bearing and use of a long brace 

locked in full extension with a posterior tibial pad, cryo-
therapy, manual patella mobilization, ankle pumps, quad 
sets, and elevation.  

  Weeks 5–10. The knee brace is unlocked; partial weight 
bearing (20 % of body weight) with crutches, short-arc 
and long-arc knee extension, and passive knee fl exion to 
target 90° of fl exion by the end of the week 10.  

  Weeks 10–16. The brace is discontinued; closed chain exer-
cises in a 0–60° range. Target 110° of fl exion at month 4. 
Proprioception exercises.  

  Month 4–6. Straight-line jogging could be started if adequate 
strength and proprioception are obtained; aggressive 
quadriceps strengthening and a plyometric program could 
be slowly started at month 5. Isolated hamstring strength-
ening fi rst against gravity.  

  Month 6–12. Continue with the above program.     

43.12     Return to Sport 

 The return to sport is a multifactorial decision and needs a 
careful balance of the athletes’ desire to return versus objec-
tive measure of their function and lingering impairments. 

 Usually it is considered post-op 6–7 months. The patient 
should achieve symmetrical strength and proprioception 
before returning to sport and of the uninvolved leg with all 
functional tests. It is important to include objective and mea-
surable criteria like single-leg timed hop for distance and 
single-leg vertical jump for height. 

 A functional brace during sport could be helpful until the 
patient reaches 18 months post-op.  

43.13     Clinical Outcomes 

 Clinical studies do not succeed in showing which reconstruc-
tion technique is the best. Surgical treatment provides 
improvement in subjective scores but does not fully restore 
the native biomechanics, and a residual laxity may result. 
Most patients will make a predictable return to recreational 
and athletic activity, although surgery does not restore nor-
mal stability and does not seem to prevent degenerative 
arthritis [ 46 ]. 

 There is no difference in surgical outcomes between 
transtibial and inlay tibial fi xation [ 39 ,  43 ,  47 ,  48 ]. 

 The double-bundle technique may improve rotational sta-
bility, but there is no study demonstrating clinical superiority 
of a single-bundle or a double-bundle PCL reconstruction 
[ 39 ,  46 ,  49 – 52 ].     
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44.1            Introduction 

 Posterolateral corner complex (PLC) plays a critical role in 
maintaining knee stability. It acts synergistically with the 
posterior cruciate ligament [ 1 ,  2 ] providing posterior transla-
tion, varus, and external rotation stability. 

 Isolated injuries to the posterolateral corner are very 
uncommon, occurring in less than 2 % of all ligamentous 
injuries of the knee [ 3 ]. This kind of lesions are usually 
included within the context of complex knee injuries, espe-
cially in association with anterior cruciate ligament (ACL) 
or, more frequently, posterior cruciate ligament (PCL) inju-
ries [ 4 – 8 ]. According to LaPrade et al.,  the incidence of 
high-grade posterolateral knee injuries in patients with an 
acute knee injury with a hemarthrosis is 9.1 % [ 9 ]. Lee and 
Jung demonstrated the presence of posterolateral complex 
lesions in 60–80 % of cases of injuries to the PCL [ 10 ]. 

 In the last decades, the study of PLC structures has gained 
growing importance because of the complex instability gener-
ated by its injury, as well as the higher failure rates after ACL and 
PCL reconstruction surgery with concomitant PLC lesions. In 
fact, posterolateral rotatory instability (PLRI) is frequently 
unrecognized or underestimated, especially when associated 
with PCL injuries [ 11 ], also because of the diffi cult diagnosis 
both clinical and radiological. Some studies reported that undi-
agnosed or untreated PLC injuries are one of the most important 
factors in recurrence of instability after PCL reconstruction [ 12 ].  

44.2     Anatomy and Biomechanics 

 Anatomically, the posterolateral corner is a complex arrange-
ment of muscles, tendons, and ligaments [ 13 ]. 

 Seebacher et al. in 1982 [ 14 ] described the knee lateral 
structures as being composed of three distinct layers; how-
ever, there does not seem to be standardization of the layers, 
due to the high anatomic variability in the PLC and compet-
ing nomenclature in the literature [ 13 ,  15 ,  16 ].
•    Superfi cial Layer: lateral fascia, iliotibial tract, and biceps 

tendon  
•   Middle Layer: patellar retinaculum, patellofemoral, and 

patellomeniscal ligaments  
•   Deep Layer: fi bular collateral ligament (FCL), lateral 

meniscotibial ligament, popliteus muscle and tendon, 
popliteofi bular ligament (PFL), arcuate ligament, fabel-
lofi bular ligament, and lateral joint capsule with its attach-
ment to the lateral meniscus edge    
 It is possible to classify each component of the PLC in 

passive stabilizers, such as capsular and noncapsular liga-
ments (FCL, PFL, posterolateral joint capsule, arcuate liga-
ment complex, and fabellofi bular ligament), and dynamic 
stabilizers, which are the musculotendinous units and their 
aponeuroses (popliteus complex, iliotibial band, lateral head 
of gastrocnemius, and biceps femoris tendons). The PLC 
provides stability against posterolateral rotation and varus 
displacement; it plays the greater role in restricting postero-
lateral rotation, whereas the FCL alone is the major restraint 
to varus displacement of the tibia.  

44.3     Injury Mechanism 

 The majority of PLC injuries are primarily due to athletic 
activity participation, falls, or road traffi c collisions [ 17 ]. 
Many specifi c mechanisms of injury are described in the lit-
erature [ 18 ,  19 ]:

      Posterolateral Instability 
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•    Direct blow to the medial aspect of the proximal tibia in a 
fully extended knee, with the force directed in a postero-
lateral direction or external rotation  

•   Hyperextension injury  
•   Anterior rotatory dislocations: varus stress and 

hyperextension  
•   Posterior rotatory dislocation: varus stress, posteriorly 

directed blow to a proximal tibia in fl exion (dashboard 
injury)  

•   Forceful deceleration while the distal leg is planted  
•   Abrupt external rotation of the extended knee     

44.4     Clinical and Diagnostic Examination 

 Although various physical examination tests are described 
for the diagnosis of PLC lesions, in 72 % of cases, these 
lesions are not identifi ed at their initial presentation, which 
shows the diffi culty in both performing these tests and inter-
preting the results. The diffi culty increases signifi cantly 
when central pivot and medial collateral ligament injuries 
are associated [ 20 ]. 

 In chronic lesions, a varus thrust gait due to a lateral laxity 
of the knee may be present, especially in patients with an 
underlying varus limb alignment. The varus thrust gait pat-
tern is likely associated with a lift-off of the lateral compart-
ment of the knee, which has been shown to increase medial 
compartment joint stresses [ 4 ,  21 ]. 

 Several clinical tests have been developed to 
diagnose PLRI:
•    Varus stress test at 0° and 30°: positivity at 0° of fl exion 

refl ects a serious posterolateral injury with a high proba-
bility of associated cruciate ligament lesion. Positivity at 
30° is more suggestive of partial tears or complete tears of 
the posterolateral structures.  

•   Recurvatum and external rotation: lifting the leg by the 
great toe shows hyperextension associated with external 
rotation of the injured knee.  

•   Posterolateral drawer test: the knee is kept at 90° of fl ex-
ion and the foot at 15° of external rotation. In this posi-
tion, a force directed posteriorly is applied to the proximal 
tibia, causing greater posterior translation of the lateral 
compartment compared with the undamaged limb [ 22 ].  

•   Reverse pivot-shift test: the knee is placed in 70° of fl ex-
ion, and the foot is externally rotated. This leads to poste-
rior subluxation of the lateral compartment of the 
PLC-injured knee. The knee is then slowly extended to 
about 20° of fl exion, at which point the force vector of the 
iliotibial band changes and the tibia is pulled forward, 
reducing the subluxation [ 23 ].  

•   Posterolateral rotation or dial test: while the patient is 
placed in ventral decubitus position with the knees at 30° 
of fl exion, both ankles are dorsifl exed and externally 

rotated simultaneously. The test is positive for an increase 
in external rotation of 10–15°. If the test is positive both 
at 30° and 90° of knee fl exion, an associated PCL lesion 
is present [ 24 ,  25 ].    
 Plain anteroposterior (AP) and lateral radiographs can iden-

tify Segond fractures and fi bular head avulsion fractures. 
Comparative varus stress AP radiographs, both at 0 and 30° of 
knee fl exion, can be helpful to quantify the lateral joint space 
opening in both acute and chronic lesions [ 26 ,  27 ]: an increase in 
lateral compartment gapping of 2.7 mm indicates an isolated 
FLC tears, more than 4.0 mm indicates the presence of a high-
grade injury [ 28 ]. All patients with chronic posterolateral knee 
injuries should be assessed for their limb alignment. MRI should 
always be performed in order to evaluate not only the posterolat-
eral structures but also cruciate ligaments, medial collateral liga-
ment, articular cartilage, and meniscal injuries. MRI technique 
was effective for identifying injuries to the FCL, popliteus ten-
don, popliteofi bular ligament, and biceps femoris. Sensibility of 
MRI in identifying lesion of the FCL is 57.5 % and only 24.2 % 
for the popliteus muscle tendon. MRI, thus, cannot be the deter-
mining factor for surgical indication for reconstruction [ 29 ]. 

 Arthroscopic evaluation can be a powerful diagnostic 
tool: a drive-through sign occurs when there is more than 
1 cm of lateral joint opening when a varus stress is applied to 
the knee in “Figure four” position [ 27 ]. Arthroscopy is par-
ticularly helpful in identifying the location of injuries at the 
femoral attachment of the popliteus tendon, coronary liga-
ment of the posterior horn of the lateral meniscus, and the 
popliteomeniscal fascicles. 

 Grading of PLC injuries can be performed as shown in 
Table  44.1 .

44.5        Treatment Strategies 

 Conservative management of PLC injuries is not well docu-
mented in literature. This kind of lesions is in most cases 
combined with injuries to one or both the cruciate ligaments, 
with absolute surgical indication. In our experience, in grade 
I-II isolated PLC lesions, conservative treatment is appropri-
ate. Grade III lesions, isolated or associated to other liga-
mentous injuries, always need surgical treatment. 

   Table 44.1    Grading of PLC lesion [ 28 ,  29 ]   

  Fanelli scale for PLC injury (location based)  
 A  Injury to PFL and popliteus tendon 
 B  Injury to PFL, popliteus tendon, and FCL 
 C  Injury to PFL, popliteus tendon, FCL, lateral capsule 

avulsion, and cruciate ligament disruption 
  Hughston scale for collateral ligament injury (instability based)  
 1+  Varus opening 0–5 mm 
 2+  Varus opening 5–10 mm 
 3+  Varus opening >10 mm 
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 In the acute setting, isolated PLC injuries can be treated 
with direct repair or repair with augmentation. Acute injuries 
treated within 3 weeks from the trauma results in better out-
comes than chronic injuries. Damaged structures can be 
directly sutured or anchored back to their bony attachments. 
All major structures of the posterolateral complex should be 
macroscopically evaluated in order to provide a complete 
restoration of the anatomy. The repair should be performed 
within the fi rst 2–3 weeks after surgery in order to avoid 
retraction and arthrofi brosis. 

 Chronic injuries to the PLC are better managed with PLC 
reconstruction techniques rather than direct repair. Patients 
with chronic combined posterolateral knee injuries and varus 
alignment will fi rst require an opening-wedge osteotomy as 
part of a staged procedure. In varus knee, there is a high risk of 
failure secondary to the stretching out of the grafts. An axial 
correction with a proximal opening-wedge osteotomy causes 
a signifi cant reduction of posterolateral laxity. Second stage 
PLC reconstruction is not necessary in approximately 40 % of 
patients who had a previous open-wedge HTO [ 30 ,  31 ]. 

 Several surgical techniques for the treatment of posterolat-
eral knee instability have been reported, but there is still no 
consensus on the best technique to use. These techniques can 
be classifi ed into nonanatomical fi bular-based reconstruc-
tions and anatomical tibial and fi bular-based reconstructions. 
The most widely used nonanatomical reconstruction proce-
dure was described by Larsen et al. [ 32 ]. They found the fi bu-
lar head to be isometric to the lateral femoral epicondyle, so 
they recommended the use of a graft passed through the fi bu-
lar head and inserting into the lateral epicondyle. Larsen’s 
PLC reconstruction aims to restore the functions of the pop-
liteofi bular ligament and the lateral collateral ligament; it is 
nonanatomical because the femoral insertion lies on the lat-
eral epicondyle and not at the anatomical insertion sites of 
these structures. 

 More recently, there has been an emphasis on restoring 
native knee anatomy with more anatomical reconstructions. 
Noyes and Barber-Westin [ 33 ] described a technique that 
uses two femoral tunnels to restore the anatomy of the PLC 
on the distal femur with a transfi bular tunnel, and Arciero 
[ 34 ] described a similar fi xation of the femur with an oblique 
fi bular tunnel. 

 LaPrade et al. [ 35 ] proposed an anatomical tibial and 
fi bular- based reconstruction technique that attaches liga-
ments to both the fi bula and tibia to better restore the anat-
omy of the popliteus tendon. 

 The authors believe LaPrade procedure to be very accu-
rate in restoring anatomy and biomechanics of the postero-
lateral complex. Given the high number of tunnel to be 
reamed, the authors prefer to perform LaPrade reconstruc-
tion in isolated PLC lesions because in multiligamentous 
reconstructions, it could be challenging to avoid femoral tun-
nel collision. In combined reconstructions, the authors’ 

 preferred technique is a modifi ed Larsen procedure with a 
more anatomical placement of the fi bular tunnel which is not 
anteroposterior as originally described but directed from 
anterior-lateral-inferior to posterior-medial-superior. 

44.5.1     Surgical Technique 

 Both procedures are performed with a lateral vertical skin 
incision starting from just proximal to the lateral epicondyle 
followed distally to the fi bular head. Further incision is per-
formed down to the deep layer in line with the fi bers of the 
iliotibial band centered on the lateral femoral epicondyle. 
For the exposure of the fi bular attachments of the LCL and 
PFL, an incision is made just anterior to the long head of the 
biceps tendon so that the posterior aspect of the fi bular head 
and the biceps bursa can be identifi ed. Identifi cation and iso-
lation of the peroneal nerve is always performed to prevent 
iatrogenic lesions (Fig.  44.1 ).  

44.5.1.1     The Modifi ed Larson Technique 
 Fibular tunnel is drilled after identifying fi bular insertion of 
FCL and PFL; FCL attachment site is on the anterolateral 
aspect of the fi bular head; the region of attachment of the 
PFL should be identifi ed on the posteromedial downslope on 
the fi bular styloid. A spoon is placed posteriorly to the fi bu-
lar head to prevent guide pin protrusion, and the guide pin is 
then drilled. The tunnel is overreamed with a 6 mm reamer 
(Fig.  44.2 ). The authors’ preferred graft for this reconstruc-
tion is the tendon of the semitendinosus muscle, both autolo-
gous and allogenic.  

 The tendon graft is passed through the tunnel so that the 
middle part of the graft lies free in the fi bular tunnel. The 
posterior end of the graft is passed through the popliteal hia-
tus, the anterior below the ITB. Both the anterior and the 
posterior limbs of the graft are held together, and the isomet-
ric point is located on the femur while the knee is fl exed and 
extended from 0 to 90°. The entry point is usually slightly 
distal/anterior to the attachment of the collateral ligament. 
The femoral tunnel is drilled from the isometric point, and 
the anterior and posterior limbs of the graft are passed 
through the tunnel and tensioned together at 10° of fl exion 
(Fig.  44.3 ).   

44.5.1.2    The LaPrade Technique [ 35 ] 
 Fibular tunnel is drilled as described for the previous tech-
nique. Tibial tunnel is reamed from a fl at spot just distal and 
medial to the Gerdy’s tubercle to the musculotendinous junc-
tion of the popliteus muscle. Femoral tunnels are drilled after 
the identifi cation of the femoral attachment sites of the pop-
liteus tendon and the FCL. FCL attachment point is approxi-
mately 3.2 mm proximal and posterior to the lateral 
epicondyle. The popliteus tendon femoral attachment site is 
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identifi ed on the top fi fth of the anterior aspect of the popli-
teal sulcus. Once the two grafts are prepared, they are 
inserted into each femoral tunnel and fi xed with interference 
screws. The popliteus tendon graft is then passed through the 
popliteal hiatus then beyond the posterolateral aspect of the 
knee into the tibial tunnel. The FCL graft is passed distally 
under the superfi cial layer of the ITB and the lateral aponeu-
rosis of the long head of the biceps and passed through the 
fi bular head tunnel where it is fi xed with a bioadsorbable 
screw while the knee is kept at 20° of fl exion. The remaining 
end of the graft is passed from posterior to anterior into the 
tibial tunnel together with the popliteus tendon graft. Fixation 

is performed with the knee fl exed at 60° in neutral rotation 
(Fig.  44.4 ).  

 In this kind of anatomical reconstruction, it is very impor-
tant to complete the PLC reconstruction before the central 
pivot fi xation. In PCL-PLC combined reconstruction, the 
fi xation of the PCL before the PLC fi xation would cause 
joint overconstraining and overload on the PCL graft [ 2 ]. 

 If a combined ACL-PLC reconstruction is performed, the 
fi xation of ACL should be performed after PLC fi xation in 
order to avoid that the ACL tension could cause an abnormal 
external rotation of the tibia caused by the lack of posterolat-
eral structures [ 36 ].    

a b

c d

  Fig. 44.1    Surgical approach. ( a ) Skin incision. ( b ) Deep fascia. ( c ) Identifi cation of the peroneal nerve. ( d ) Biceps bursa incision       
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44.6     Rehabilitation and Return to Sports 
Activity 

 Postoperative rehabilitation is a critical part of the treatment for 
a PLC injury. The patient is placed in a knee brace locked in 
extension for 2 weeks; early quadriceps activation can be stim-
ulated with isometric exercises, electrical stimulation, and tap-
ing. The range of motion is passively increased in the following 
4 weeks, aiming to obtain full ROM within the sixth week. 
Weight bearing is allowed as tolerated from the fourth week; 
full weight bearing should be gained within the sixth week. 

Strength, core stability, proprioception, and endurance are 
developed between the second and the fourth postoperative 
month. For the fi rst 4 months postoperatively, closed-kinetic 
chain exercises are limited to 70° or less knee fl exion; tibial 
external rotation is avoided such as resistive and repetitive 
hamstring exercises with the knee in fl exion. Light jogging 
should start after the fourth month postoperatively if the patient 
demonstrates a normal gait pattern, adequate lower extremity 
knee range, and absence of joint effusion with prolonged walk-
ing. Return to sports is usually after 6 months, if functional and 
clinical tests show a satisfactory graft healing.     

a b

c d

  Fig. 44.2    Fibular tunnel preparation. ( a ) Exposition of the fi bular head. ( b ) Guide pin insertion after identifi cation of FCL and PFL insertion 
points. ( c ) Reaming. A spoon is placed beyond to prevent lesions to the peroneal nerve. ( d ) Nitinol guidewire       
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a b

c d

  Fig. 44.3    Modifi ed Larsen technique. ( a ) Femoral tunnel reaming 
after identifi cation of the isometric point. ( b ) Graft passed through the 
fi bular tunnel. ( c ) Posterior graft end passed through the popliteal 

hiatus. ( d ) Anterior graft end passed below ITB. Both ends of the graft 
are then inserted in the femoral tunnel       
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         Patellofemoral disorder represented by 20–40 % of all knee 
problems can be one of the sports-related common injuries 
[ 1 ]. It can be cause of disability, especially in the female 
population, and in some cases, it can lead to degenerative 
arthritic changes in the knee joint. The patellofemoral joint is 
one of the most complex articulations of our body. The 
causes are a combination of anatomical bone component, 
capsule-ligament structures, and muscle forces, and that is 
why no single pathophysiology or therapeutic approach can 
solve patellofemoral instability. 

45.1     Etiology 

 Disorders of the patellofemoral joint are numerous and are of 
great importance because they seriously limit patients’ 
 function. Treatment of these conditions is highly dependent 
on accurate diagnosis and determination of the correct cause. 
Patellar instability has been shown to be associated with four 
major bone abnormalities: (a) trochlear dysplasia, (b) 
 pathologic TT-TG value, (c) patellar tilt, and (d) patella alta. 
Each of those factors is defi ned by measures in the lateral or 
axial view x-rays and with CT scan [ 2 ]. Soft tissue abnor-
malities such as hypoplasia of the vastus medialis and 
 patellofemoral and patellotibial ligament disorders are direct 
part of the problem. Soft tissue structures that provide 
 stability to the patellofemoral joint can be categorized as 
static and dynamic restraints. Static restraints: retinacula, 
capsule, and ligament. The medial patellofemoral ligament 
(MPFL) is the primary passive restraint to lateral displace-
ment [ 3 ,  4 ]. Dynamic restrains: vastus medialis obliquus. 
Despite the enormous volume of literature on patellofemoral 
instability, more attention has been given to the soft tissue 

structures that are injured during patellar dislocation and the 
contribution these injured structures make in controlling 
patellar motion in the intact knee. The MPFL restraint to 
 lateral translation only in early knee fl exion, as the knee 
progress in fl exion, trochlear geometry, patellofemoral 
 congruence, and in particular the slope angle of the lateral 
trochlear wall, provides the major restraints to lateral patellar 
displacement. The MPFL has been recently more recognized 
as playing an important role in patellar biomechanics and its 
implication after dislocation [ 3 – 5 ]. 

 Finally we have to consider other factors affecting the 
rotula outside the knee; excessive femoral anteversion 
with internal rotation of the femoral condyles or excessive 
external tibial rotation can cause higher stress forces on the 
rotula and instability [ 6 ]. 

 D. Dejour defi ned three major groups of patellofemoral 
disorder: patellar dislocation, pain, and pain plus anatomical 
disorder. The fi rst group includes different categories: 
 subjective instability with anatomical abnormalities, trau-
matic, dislocation with anatomical abnormalities, and patel-
lofemoral pain [ 7 ]. The rate of subsequent dislocation after 
the fi rst episode varies from 15 to 44 % following conserva-
tive management; this rate is increased in those who have 
more than one episode. In a natural history study, Fithian and 
associates showed that only 17 % of fi rst-time dislocators 
suffered a second dislocation within the next 2–5 years. In 
contrast, patients who presented with recurrent patellar insta-
bility were much more likely to have subsequent dislocation 
than those who had only one dislocation episode. The risk of 
an addiction dislocation within 2–5 years was around 50 % 
among patients with a history of prior patellar instability [ 8 ].  

45.2     Injury Mechanism 

 The average annual incidence of a primary patellar disloca-
tion is 5.8 per 100,000. This incidence increases to 29 per 
100,000 in the 10–17-year age group. The most common 
mechanism of fi rst time dislocation are sports (61 %) injuries 
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[ 8 ]. Nietosvaara reported 55 % during sport activity [ 9 ]. The 
direction of the instability or subluxation is more frequently 
lateral. Direct patellar trauma occurs more often with the 
knee in greater degrees of fl exion. Patellar dislocation is a 
dramatic, memorable event, and the patient will frequently 
describe having to extend the knee for the patella to reduce 
spontaneously or require manipulation. The clinical mani-
festation of a primary dislocation of the patella varies from a 
massive swollen knee to a nearly painless knee. More com-
monly, the patient will describe an indirect mechanism con-
sisting of a strong eccentric quadriceps contraction and a 
fl exed and valgus knee position. It may occur from a rapid, 
noncontact deceleration or change of direction maneuver. 

 The typical “morphotype” of the patellar dislocator has 
been characterized as an adolescent female with ligamentous 
laxity and multiple developmental anomalies including 
patella alta, trochlear dysplasia, and rotational angular bony 
malalignment. Trochlear dysplasia and patella alta, which 
reduce the “containment” of the patella within the femoral 
trochlea at any given fl exion angle compared to the normal 
knee, contribute directly to the risk of recurrent patellar dis-
location by reducing the relative height of the lateral troch-
lear wall.  

45.3     Clinical and Diagnostic Examination 

45.3.1     Clinical Examination 

 Typically, patients with patellar disorder have a painful ante-
rior knee pain suited behind the patella, often even on the 
medial side. Pain may be in the soft tissue or in the bone. 
Swelling and hemarthrosis can be appreciated after acute 
patellar dislocation. Standing examination with the patient 
barefoot in front of the examiner. We can appreciate the 
varus/valgus alignment of the knee, the orientation of the 
patella, and the morphology of the forefeet. With the patient 
in supine position, all the anatomic structures of the knee are 
palped to fi nd out local pain or patellar tendon insertion and 
medial and lateral retinaculum. Crepitus during fl exion- 
extension movement can be appreciated. The Q angle has a 
normal value of 10–15° in men and 15–20° for women. 
Increased Q angle may increase the laterally directed force 
on the extensor mechanism (quadriceps vector) predisposing 
the patella to malpositioning and instability. The tubercle 
sulcus angle is an alternative physical exam for estimating 
excessive quadriceps vector with the knee fl exed 90°. The 
normal value is 0°, and values greater than 10° are consid-
ered pathologic. In the apprehension test the patient should 
extend the knee, while the examiner pushes the patella later-
ally. The test is positive when the patient resists because he 
recognizes instability symptoms. Patellar tilt limited upward 

movement would indicate excessively tight lateral retinacu-
lum. Excessive patellar glide suggests reduced restraint from 
the medial structures and tightness of the lateral 
retinaculum.  

45.3.2     Diagnostic Examination 

 Standard x-rays are always required. In the sagittal view 
trochlea dysplasia can be observed. Usually the sulcus line 
follows the Blumenstat line. In a normal knee this line stays 
posteriorly to the condylar line, meaning that the trochlea is 
deep and congruent. Henrì Dejour described it like the 
“crossing sign” which characterized the trochlear dysplasia 
on the sagittal view. In case of a trochlear dysplasia, there 
will be a crossing sign between the sulcus line and lateral 
condyle meaning that the trochlea is fl at. The crossing sign is 
found in the 96 % of the population with history of true dis-
location and only 3 % of the healthy control population [ 10 ]. 
In 1996 D. Dejour and Le Coultre redefi ned the classifi cation 
adding a fourth type. Other than the crossing sign, two new 
radiographic signs were introduced. The “supratrochlear 
spur” and the “double contour.” The fourth type is the com-
bination of the different signs. Type A is the most common 
[ 11 ] (Fig   .  45.1 ).  

 The patellar height can be measured with the Insall- 
Salvati index or Caton-Deschamps index. The fi rst is the 
ratio of the length of the patellar tendon to the longest sagit-
tal diameter of the patella [ 12 ]. The second is the ratio of the 
distance from the lower edge of the articular surface of the 
patella to the anterosuperior angle of the tibia outline [ 13 ]. 
Two basic types of axial views (Merchant and Laurin) can be 
done with different types of measurement. The Merchant 
can measure the sulcus angle and the congruence angle [ 14 ]. 
The Laurin can measure the lateral patellofemoral angle 
and the patellofemoral index [ 15 ]. There is a great variability 
in the patellar shape, and Wiberg classifi ed them into three 
types. The most frequent type of patella in patellar disloca-
tion is Wiberg type II [ 16 ]. 

 Use of CT scan imaging for exploration of the patello-
femoral relationship has led to a better understanding of the 
dynamics of this joint in normal and pathologic knees, and 
the use of it is widely accepted. It allows the study of many 
keen parameters. The tibial tubercle-trochlear groove dis-
tance (TT-TG) is the instrumental measurement of the “Q” 
angle. First described in 1978 by Goutallier as radiologic 
measurement, then in 1987 H. Dejour adapted this measure-
ment to the CT scan. We use two cuts to measure the distance 
between the central point of the tibial tubercle (TT) and the 
deepest point of the trochlear groove (TG). Normal value is 
around 12 mm and in the patellar dislocation population is 
greater than 20 mm [ 10 ]. This pathologic value can be 
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 indicative for tibial tubercle medicalization. The patellar tilt 
is the angle between the transverse axis of the patella and the 
posterior femoral condyles. Eighty-three percent of the 
patellar dislocation population has a value greater than 20° 
compared to 3 % in the normal group [ 10 ]. We can obtain 
and even measure femoral anteversion and external tibial 
rotation. MRI has been considered more useful in defi ning 
cartilage status than measuring patellofemoral instability 
parameters. Some authors have compared, with the same 
reproducibility, TT-TG measurement with CT scan and MRI, 
but still need more study [ 17 ].   

45.4     Treatment Strategy 

 Surgical treatment of patellar instability has two approaches. 
One is that anatomic alignment is the most important factor, 
and all “malalignment” factors must be correct. The other 

approach is softer because it recognized the importance of 
soft tissue restraint to lateral patellar translation: to stabilize 
or recreate, this restraint can be suffi cient in many cases with 
bony defects uncorrected [ 18 ]. The fi rst evaluation is about 
conservative versus surgical treatment. Surgical treatments 
contain soft tissue and bony procedures. Soft tissue proce-
dures: lateral release, medial soft tissue reefi ng, proximal 
realignment, and MPFL reconstruction. Bone procedures are 
distal realignment, trochleoplasty, and distal femoral oste-
otomy. Substantial controversy exists about treatment strat-
egy. From a logical standpoint, the procedures adopted 
should correct the observed root abnormalities, and it is 
more likely that a combination of procedures would correct 
those abnormalities one by one, rather than one standard 
procedure for every case. To remedy patellar instability, the 
surgeon will need to combine soft tissue and bony proce-
dures to address all involved factors, each corrected 
individually. 

Type A

Type C Type D

Type B

  Fig. 45.1    Dejour’s trochlear dysplasia classifi cation.  Type A , crossing sign, trochlear normal (>145°);  Type B , crossing sign, supratrochlear spur, 
fl at or convex trochlea;  Type C . crossing sign, double contour;  Type D , crossing sign, supratrochlear spur, double contour [ 11 ]       
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 For acute fi rst-time dislocation, the classic treatment is 
conservative. The more important exception to this is the 
presence of an osteochondral fracture. Some authors propose 
acute repair in cases of substantial medial structure disrup-
tion and a laterally subluxated patella with a normally 
aligned opposite knee. The main goals of conservative treat-
ment are swelling and pain remission, as well as restoration 
of range of motion. Quadriceps strengthening is another goal 
of the conservative management strategy, and good quadri-
ceps strength seems to alleviate symptoms, but whether it 
prevents future dislocation is unclear. Immobilization for up 
to 6 weeks may help medial structure heeling, but stiffness is 
a problem. If recurrent dislocation occurs, they will put the 
patient in a different category from treatment purposes: the 
chronic dislocation group. 

45.4.1     Lateral Release 

 We can fi nd LR treatment isolated or associated procedures. 
Isolated LR has no role in treatment of acute or recurrent patel-
lar instability because from a mechanical perspective, isolated 
LR cannot correct the causes of patellar instability. Isolated 
LR can be a successful procedure in patients with isolated lat-
eral patellar tightness. Associated with medial reefi ng or to a 
proximal/distal realignment, we have a better result [ 19 ].  

45.4.2     Medial Reefi ng 

 The indication for arthroscopic medial reefi ng after acute 
dislocation is the presence of persistent patellar dislocation 
or detachment of the medial retinaculum or MPFL from the 
patellar insertion (usually the lesion is on the femoral side) 
[ 3 ]. A relative contraindication can be trochlear dysplasia 
grade B or C according to H. Dejour or rupture of MPFL on 
the femoral insertion.  

45.4.3     Medial Patellofemoral Ligament 
Reconstruction 

 The increased mobility after dislocation appears to be attrib-
utable to medial retinacular defi ciency. On cadaver it has 
been shown that the MPFL is the most important structure 
resisting lateral patellar motion. According to literature 
MPFL injury may be present in approximately 65 % of cases 
[ 20 ]. Restoration of the MPFL has been described by primary 
repair alone, repair with augmentation, and reconstruction 
alone. MPFL repair has been approached in various ways. 
The repair may be done acutely or after a period of initial 

healing. Repair has been described at the patellar insertion of 
the MPFL. Our favorite technique for the reconstruction is 
with the semitendon fi xed to the rotula with two soft anchors 
and half tunnel in femur with a screw. Previously we create a 
slot on the medial side of the rotula to allow integration, and 
we don’t perform any tunnel in the rotula to avoid fractures, 
especially in small rotula, or cartilage damage. The key point 
is to choose the right point of insertion to restore proper kine-
matics. Non-anatomical femur insertion can lead to excessive 
medial pressure on the rotula cartilage [ 21 ]. We measured 
rotula and selected two-third proximal to implants the two 
soft anchors. Femur position is the most diffi cult step of the 
reconstruction. The MPFL originates from a ridge between 
the medial epicondyles and the adductor tubercle (Fig.  45.2 ).  

 Indications for MPFL reconstruction are laxity of the 
medial retinacula due to recurrent patellofemoral disloca-
tion. MPFL is used alone if there are no bony defects to cor-
rect. Its goal is to restore the loss of the medial soft tissue 
patella stabilizer, which is injured or chronically lax due to 
recurrent lateral patellar dislocation (Table  45.1 ).

Medial
patellofemoral
ligament

Soft anchors

Patellar
tendon

Adductor
magnus
tendon

Medial
collateral
ligament

1 blind
tunnel
at femoral
attachment

  Fig. 45.2    Anteromedial view of the knee. Two-third of the medial 
patella side and the middle point in of the ridge between the adductor 
tubercle posteriorly and medial epicondyles anteriorly       
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45.4.4        Distal Realignment 

 The goal of  medicalization of the tibial tuberosity (Elmslie- 
Trillat)  is to reduce TT-TG distance to value between 12 and 
16 mm. It can be performed in association to lateral release 
and medial reefi ng. The indications change in last year, 
reducing to young patients with symptomatic patellar insta-
bility and TT-TG more than 20 mm measured on CT scan. 
CT scan is needed perioperatively and postoperatively (risk 
of over correction) [ 22 ].  

45.4.5     Trochleoplasty 

 Trochleoplasty is indicated to correct severe trochlear dyspla-
sia. It is a challenging surgery not widely performed.  Lateral 
facet-elevating trochleoplasty  is indicated in patients with fl at 
or shallow trochlea, but without trochlear prominence. This 
procedure is certainly effi cient in terms of stability but could 
lead to arthrosis changes.  Sulcus deepening trochleoplasty  is 
more anatomic, and it is indicated in severe dysplasia (type C 
or D) in which the trochlea is prominent and convex and the 
patella impinges on the trochlear bump during fl exion knee. 
Frequently there are other abnormalities associated in this 
patient population so that this procedure is usually performed 
in combination to bony or soft tissue techniques [ 23 ].   

45.5     Rehabilitation and Return 
to Play 

 Immobilization after surgery aims to allow better healing of 
tissue as well as preventing damage to the graft. Later 
release doesn’t need immobilization. The other techniques 
required time of immobilization that is not defi ned for each 
procedure. If the surgical fi xation is adequate, you can 
reduce the time for immobilization to prevent arthrofi brosis 
and stiffness. An individual plan for each patient consider-
ing the quality of surgery, tissue healing, and nature of the 
damage should be considered. In conservative treatment, a 
longer period of immobilization is recommended. Not 
much limitation in weight bearing.    More attention for 
immobilization in tibial osteotomy. Most of the procedure 
changes stress contact area in the patella so that passive 
continuous mobilization (0–90°) can help to fi nd a new bal-
ance between the structures and help cartilage nutrition. 
Restoration of quadriceps strength is one of the goals in 
rehabilitation. Open and closed kinetic chain quadriceps 
exercise should be granted with different timing in relation 
to the type of surgery. In the MPFL reconstruction, we pre-
fer after 3 weeks. In distal osteotomy to avoid early stress 
on the screw, we prefer after 5 weeks and even in nonopera-
tive treatment to help better tissue healing. Later release 
has no restriction.     

Algorithm for recurrent instability

MPFL ++

MPFL +

distal TT

MPFL +

med. TT

MPFL

recostruction

MPFL ++
MPFL ++

MPFL

MPFL rec.

+ med. TT

Trochleoplasty

+ distal. TT

MPFL ++
Troclea
dyspalsia

Normal TT-TG
Normal TT-TG

TT-TG >20
TA-GT >20

Patella alta Patella alta

Clinic, X-Rays, CT, MRI

+

   Table 45.1    Algorithm for 
recurrent patellar instability       
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          Anterior knee pain  (AKP) or  patellofemoral pain syndrome  
(PFPS) is a prevalent musculoskeletal condition character-
ised by a mechanical pain perceived in the anterior region 
of the knee exacerbated by activity and relieved by rest. 
AKP often has a poor prognosis and can signifi cantly 
impact daily activities as well as participation in physical 
activity [ 1 – 3 ]. 

 The AKP is one of the most pathologic knee disorders 
defi ned by Stanley James as the “black hole of orthopae-
dics” [ 4 ]. AKP can refer to a number of symptoms. In the 
past the terms “chondromalacia patellae” and “patellofem-
oral pain” have been used loosely to describe such symp-
toms [ 5 – 7 ]. This is to be avoided, as while both conditions 
are recognised, they may not be the cause of the pain [ 5 – 7 ]. 
The term “anterior knee pain” may be used when no spe-
cifi c diagnosis has been made. Management of anterior 
knee pain involves consideration of each individual’s pre-
sentation and the potential contribution of local, proximal 
and distal knee factors [ 5 – 7 ]. 

 The incidence of “anterior knee pain” is high and is 
located at 22/1,000 persons per year. AKP has a high prev-
alence in the population (range 15–45 %) that is higher in 
childhood and adolescence ( 19 % with a range of 
3–40 %) and in women (M/F = 2/1) and represents the 
25 % of all knee pathologies and the 10 % of all orthopae-
dic examination [ 8 ,  9 ]. 

46.1     Aetiology 

 The aetiopathogenesis for anterior knee pain is multifactorial 
and mainly affects people without any structural changes or 
signifi cant pathological changes in articular cartilage [ 10 ]. 
The pathologies that cause AKP are multiple and change 
with age (Fig.  46.1 ) [ 11 ]. The two most common are the 
patellofemoral syndrome and the patellar tendinopathy [ 3 , 
 10 ,  11 ]. A possible trigger for the patellofemoral pain syn-
drome may be overload of the patellofemoral joint (e.g. 
high-intensity training) due to multiple factors that may 
cause anterior knee pain bringing to a vicious cycle of pain 
[ 9 ]. Several risk factors have been proposed as possible 
parameters involved in the pathogenesis of PFPS: 
•     Extrinsic risk factors : related to factors outside human 

body, such as the type of sports activity (runners, jumpers, 
skiers, bicyclists and soccer players), the environmental 
conditions and the surface and equipment used [ 3 ,  11 – 14 ].  

•    Intrinsic risk factors : relate more to individual character-
istics. Some of these intrinsic risk factors are modifi able 
(overheight, tightness or weakness of the lower limb mus-
cles, patellar malalignment and hypermobility, postural 
problem), while others are not (lower limb dislocation 
fracture, joint laxity, young adult, women) [ 3 ,  11 – 14 ].    
 The pathogenesis of knee anterior pain is multiple:

•     Patella tracking : although its role has long been contro-
versial, recent studies show the key role. The study of 
Draper and Wilson demonstrated an increased lateralisa-
tion (maltracking), lateral tilt and spin of the patella in 
patients with a  PFPS  with consequently high stresses 
between the lateral facet of the patella and the lateral 
trochlea [ 15 ,  16 ].  

•    Role of quadriceps : an imbalance in the activation of the 
M. vastus medialis obliquus and M. vastus lateralis, with 
a delayed activation of the fi rst and an earlier activation of 
the second, was shown in patients with PFPS. A quadri-
ceps tightness may cause high  patellofemoral stresses and 
quadriceps weakness, specifi cally VMO weakness (often 
atrophic) in comparison to the VL, can lead to lateral 
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displacement of the patella causing the articulating pres-
sure to be on the lateral facet. 

•  Despite these results, however, it is not clear whether the 
M. vastus lateralis or medialis imbalance is the primary 
cause for patellar maltracking [ 17 ,  18 ].  

•    Quadriceps angle  ( Q angle ): its static role is controver-
sial; in theory an increased Q angle is associated with 
increased lateral patellofemoral contact pressures and 
patellar dislocation, while decreasing the Q angle, we 
have major medial tibiofemoral contact with consequently 
higher incidence of  PFPS . Rather a dynamic or functional 
malalignment is seen in these patients with an increased 
knee abduction moment that causes a dynamic valgus 
position of the knee joint that can infl uence patella track-
ing leading to lateralisation of the patella and have a role 
in the pathogenesis of PFPS [ 19 ,  20 ].  

•    Role of the hip musculature : Prins Mr et al. showed, in 
particular in women, a weakness of hip external rotators, 
abductors (M. gluteus medius and minimus) and iliopsoas 
causes an internal rotation of the femur, an increased Q 
angle and consequently a functional malalignment in the 
knee and increased PF joint stresses. In addition strong 
hip adductors serve as a stable origin for VMO contrac-
tion [ 21 ].  

•    Iliotibial tract : through anatomical correlations to the lat-
eral retinaculum and patella, it will increase the lateral 
force vector on the patella during fl exion to increase the 
lateral PF joint stresses [ 22 ].  

•    Hamstring : they can have a possible role; two studies 
showed a signifi cant association between PFPS and ham-
string tightness, underlining the imbalance in the lateral 
and medial hamstring contraction due to the increased 

joint contact force and joint stress, while another doesn’t 
show it [ 23 ,  24 ].  

•    Gastrocnemius and soleus : the tightness of these muscles 
causes a tibial internal rotation which will cause femoral 
internal rotation to increase the Q angle and higher PF 
joint stresses [ 13 ].  

•    Generalised ligamentous / joint laxity : it should increase 
the patellar mobility which would alter patellar tracking 
and lead to symptoms [ 13 ].  

•    Limb length discrepancy : proposed as a probable risk fac-
tor for  patellofemoral pain  [ 25 ].  

•    Genu varum ,  genu valgum ,  pes cavus and pes planus : 
they have not been found to contribute to PFPS or other 
related conditions. Additional research is needed [ 13 ].  

•    Disorders of the foot mechanics : delayed timing of peak 
rear-foot eversion, increased rear-foot eversion at heel 
strike, reduced rear-foot eversion range, increased navicu-
lar drop, navicular drift and dorsifl exion and pronated 
foot type can be present in patients with PFPS [ 26 ].  

•    Knee - spine syndrome : Tsuji et al. examined the correla-
tion between patellofemoral joint pain, lumbar lordosis 
and sacral inclination in elderly patients with anterior 
knee pain showing a signifi cant difference in sacral incli-
nation between subjects with and without anterior knee 
pain. For younger patients with  PFPS , this mechanism 
has not been examined [ 27 ].  

•    Psychological factors : its role should not be underesti-
mated. Studies suggested higher incidence of psychologi-
cal and mental distress as depression, hostility, passive 
attitude and anxiety. In some cases, the knee problems 
can be triggered by secondary disease profi t. This may 
play a role in young competitive athletes, who are no 
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  Fig. 46.1    Common pathologies that cause anterior knee pain       
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 longer capable of the increasing demands. The knee prob-
lems then may serve as an explanation for the stagnation 
or reduced performance [ 28 ].  

•    Neurophysiological cause of pain : the exact cause is 
unclear. A high expression of several neural markers such 
as neurofi lament protein, S-100 protein, neural growth 
factor and substance P is observed in the lateral retinacula, 
Hoffa’s fat pad and subchondral bone, so as an increased 
metabolic bone activity in patients with PFPS using F NaF 
PET/CT. A central mechanism may cause pain as a local-
ised or distal hyperalgesia or an aberrant sensory function 
in PFPS patients. A possible role of cytokines as IL-1–6 or 
TNF-α has not yet been defi ned [ 6 ].  

•    Neuromotor dysfunction : EMG study showed a less activ-
ity of the vastus medialis, a difference in EMG onset, a 
faster VMO/VL refl ex response time and an earlier fi red 
VMO compared to the VL in PFPS patients [ 6 ,  13 ].     

46.2     Clinical Presentation 

  Anterior knee pain  is a dull, aching pain that is most often 
felt behind, below and on the sides of the kneecap (patella). 
One common symptom is a grating or grinding sensation 
when the knee is fl exed, swelling and recurrent clicking. 
Symptoms may be more noticeable with the deep knee 
bends, going downstairs, running downhill, standing up 
after sitting for awhile, walking after prolonged sitting and 
pain at night or during activities that repeatedly bend the 
knee (i.e. jumping, squatting, running and other exercise, 
especially involving weightlifting) or related to a change in 
activity level or intensity, playing surface or equipment. 
The  anterior knee pain  may be the most common injury in 
sports and in athletes that often occurs after a change in 
training pattern, may present insidiously or may follow any 
injury to the knee, and it may terminate a promising athletic 
career [ 3 ,  6 ,  9 ].  

46.3     Clinical Examination 

  Patient History 
 It is fundamental to make a diagnosis, because we have to 
investigate the multiple causes and the different ways of pre-
sentation of the  AKP  [ 6 ].  

  Physical Examination 
 A systematic and thorough physical examination, with the 
patient walking, standing, sitting, supine and prone, must be 
performed and include assessment of  static limb alignment  
[femoral anteversion, knee position (varum, valgum, recur-
vatum), foot/ankle WB position, malalignment posture, Q 

angle, obesity, muscle atrophy, leg length discrepancy, 
 torsional deformities],  dynamic limb alignment  (may exist 
during movement as a result of poor muscular control; can 
have patient step slowly up/down from stool or single-leg 
squats; presence of any abnormal movements of patella as it 
engages into trochlea, anybody sifting, trunk rotation and 
loss of hip control; excessive contralateral hip drop; hip 
adduction; knee abduction; tibial ER; hyperpronation),  range 
of motion ,  strength testing ,  ligamentous stability  and  neuro-
vascular status . The fi ndings should be compared with the 
uninjured knee [ 2 ,  29 ,  30 ].  

 The prediagnostic examination for  PFPS  includes:
•    J sign as result of lateral retinacular tightness or medial 

retinacular weakness.  
•   Ely test for the decreased quadriceps fl exibility, 

 specifi cally rectus femoris tightness.  
•   Ober test to value the decreased IT band fl exibility.  
•   Thomas test to value the decreased hip fl exor fl exibility.  
•   Trendelenburg test to value weak hip abductors.  
•   Q angle measurement in excess of 20° may increase PFPS 

risk.  
•   Weak quadriceps or quadriceps atrophy.  
•   Altered VMO muscle refl ex time compared to VL.  
•   Decreased vertical jump.  
•   Generalised ligamentous laxity [ 2 ,  29 ,  30 ].     

46.4     Diagnostic Examination 

  X-Rays 
 Conventional radiography of the knee comprises a standard 
anteroposterior weight-bearing view, a lateral view and axial 
views with the quadriceps muscle relaxed and the knee fl exed 
45°. These let us value the vertical position of the patella, 
patellar subluxations, depth of the trochlea, bump sign, patel-
lar height, Insall-Salvati index, Blackburne-Peel index, sul-
cus angle, lateral patellofemoral angle, congruence angle, 
patellofemoral index, patellar tilt, dysplastic condyles or 
crossing sign [ 4 ,  30 – 34 ].  

  CT Scan 
 CT scan is able to evaluate the PFJ relationships in different 
degrees of fl exion to detect a malalignment and to assess the 
TT-TG distance [ 4 ,  30 – 34 ].  

  Magnetic Resonance Imaging (MRI) 
  Static MRI  can visualise the components of the extensor 
mechanism and show lesions of articular cartilage and 
menisci, plicae, MPFL lesion, osteoarthritic change, muscle 
lesion, synovitis and joint effusion, with a limited radiation 
exposure to patients.  Kinematic MRI  can be used to assess 
the contribution of associated soft tissue structures to PFJ 

46 Anterior Knee Pain



376

function. And it is felt to be superior to CT imaging in the 
evaluation of patellofemoral tracking [ 4 ,  30 – 34 ].  

  Functional MRI  has revealed that central activation of the 
brain mediates pain during OA and that nonsteroidal anti- 
infl ammatory drug (NSAID) therapies may be partially acting 
via a central mechanism. fMRI, positron emission tomography 
(PET), single-photon emission computed tomography (SPECT) 
and magnetoencephalography (MEG) are novel imaging 
modalities that have helped unravel how central pain pathways 
in the perception of chronic pain function [ 4 ,  30 – 34 ].  

46.5     Treatment 

 The literature provides evidence for a multimodal nonopera-
tive therapy concept with short-term use of NSAIDs, short- 
term use of a medially directed tape and complex exercise 
programmes with the inclusion of the lower extremity and 
hip and trunk muscles. There is also low evidence for the use 
of patellar braces and foot orthosis. Recent studies have 
reemphasised that quadriceps muscle defi ciency is a funda-
mental problem in patients with this condition. Treatment 
today should be individualised: every tight structure should 
be mobilised and the kinetic chain balanced appropriately 
for the individual patient. A specifi c bracing or taping pro-
gramme and an aerobic low-impact conditioning programme 
suited to the patient should be designed. Nonoperative treat-
ment is effective for most patients. The surgery is indicated 
only in selected cases [ 30 ,  35 ,  36 ].  

46.6     Physical Rehabilitation 

 Physiotherapy is the most used therapy for  PFPS . Many 
rehabilitation regimes exist for the treatment of  AKPS . These 
include quadriceps strengthening, stretching, specifi c warm-
 up and warm-down sequences, core stability and hip 
strengthening. Muscle-specifi c electrostimulation has also 
been described. Theoretically all structures that can predis-
pose to  AKP  must be treated [ 2 ,  6 ,  37 ]. 

 Quadriceps strengthening encompasses a range of tech-
niques. The exercises can involve concentric (muscle short-
ening), eccentric (muscle lengthening), isotonic (constant 
strain without change in muscle length), isometric (knee 
position is constant), isokinetic (constant contraction through 
a range of movement at constant velocity) and plyometric 
(explosive muscle contraction) activities [ 2 ,  6 ,  37 ]. 

 Furthermore, exercises can be subdivided into closed or 
open chain. Generally eccentric exercises are closed chain 
involving cycles, step repetitions or squats. Open-chain exer-
cises are generally isotonic or isometric, e.g. straight leg 
raises. Stretching exercises are an important component of 
physiotherapy for  AKPS  [ 2 ,  6 ,  37 ]. 

 Literature shows a large number of studies that investi-
gated the effects of physiotherapy on AKPS, but these are 
characterised by a high heterogeneity, different inclusion cri-
teria and outcomes and short follow-up and often of low 
quality; in general they show a general effi cacy of the differ-
ent protocols [ 38 – 43 ]. 

 Two meta-analyses have been published. In 2003, Heintjes 
et al. [ 44 ] published a Cochrane review about exercise for 
 PFPS . This meta-analysis identifi ed one high- and two low- 
quality studies comparing exercise with a control group 
without exercise. This meta-analysis reported the positive 
effects for pain reduction for patients treated with exercise. 
One of the low-quality studies even reported also functional 
improvement in the exercise groups. 

 In a more recent meta-analysis published in 2008, 10 pro-
spective randomised studies could be analysed. All these stud-
ies showed a positive effect of exercise on pain reduction [ 45 ]. 
Positive results have been described in particular with active 
stretching exercises, squats, ergometer, static quadriceps exer-
cises, active leg raises, leg press and raising and lowering 
climbing exercises. Four of the exercise programmes also 
included exercises to strengthen the hip abductors. In one 
study, trunk-stabilising exercises, including the rectus abdomi-
nis, were analysed. The most frequent duration of the exercise 
programmes was 6 weeks. The exercises were conducted two-
to-four times daily with 10 repetitions. Closed- and open-
chain exercises, balance training and proprioceptive exercises 
have been described. Eight studies also included stretching 
exercises. In 8 studies, additional interventions such as restric-
tion of symptom-inducing activities, tape, braces and NSAIDs 
were allowed. In summary, there is strong evidence for exer-
cise in the treatment of PFPS in the literature. These exercises 
should address the hip muscles, trunk stability, quadriceps, 
hamstrings and iliotibial tract [ 37 – 45 ].  

46.7     Tape 

 The aim of classical taping is to modify  patella tracking  by 
applying adhesive tape stripes to the skin [ 46 – 48 ]. The tape 
should apply a medially directed force to counteract lateral 
patella maltracking. Literature showed as the medially 
directed taping is able to correct lateral patella maltracking 
and patellar tilt and to active earlier the vastus medialis 
obliquus (VMO) and have a positive effect on the symptoms 
of  PFPS , but these are only short-term studies. One meta-
analysis was published in 2002 and found that adhesive tape 
combined with exercise was signifi cantly superior to an exer-
cise programme alone regarding functional improvement 
and decrease in pain [ 46 ]. Another meta-analysis was pub-
lished by Warden et al. in 2008 and showed that medially 
directed tape produces a clinically meaningful reduction in 
knee pain in patients with PFPS [ 47 ]. 
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 Therefore, the current evidence supports the use of tape as 
a temporary pain-relieving treatment of  anterior knee pain  in 
PFPS patients. The positive infl uence of the tape on pain and 
function probably explains the synergistic effect of tape and 
physiotherapy. The simultaneous application of a restraining 
tape and a physiotherapy exercise programme achieved a 
better role as the sole tape system [ 46 – 48 ].  

46.8     Patella Braces 

 The role of patella braces is controversial, but it should be 
limited because some authors showed a positive effect on 
pain and function, while others didn’t fi nd these effects; so 
better-designed studies should be performed to evaluate the 
effect of braces on patients with PFPS [ 46 ,  47 ,  49 ].  

46.9     Foot Orthosis 

 Literature analysis didn’t show neither a role nor a synergist 
effect of foot orthosis in patients with PFPS. Foot orthosis 
might be a treatment option for patients with the combina-
tion of disorders of foot posture and PFPS; some predictors 
for the effi cacy of foot orthoses in PFPS patients are a body 
height less than 165 cm, age older than 25, lower pain levels 
and midfoot abnormalities [ 50 – 52 ].  

46.10     Pharmacological Therapy 

 On the use of drug therapy for  anterior knee pain , there have 
been many trials assessing the effects of nonsteroidal anti- 
infl ammatory medication (NSAIDs) and steroids usually in 
combination with physiotherapy, but none of these provide a 
defi nitive evidence on the effi cacy. No signifi cant differences 
were found when comparing aspirin to placebo and naproxen 
to placebo; the usefulness of glycosaminoglycan polysul-
phate (GAGPS) or steroid intra-articular injections is contra-
dictory, while the use of botulinum toxin type A (Dysport) 
injections helped to achieve improved pain reduction and 
function in comparison to saline placebo in patients with 
chronic knee pain with quadriceps muscle imbalance [ 53 ].  

46.11     Surgical Treatment 

 A surgical approach can be necessary if conservative treat-
ment fails. A lot of procedures have been proposed and often 
it is needed to combine them [ 2 ]. The arthroscopy can have a 
diagnostic role or can allow to do specifi c procedure, but it’s 
not recommended in patients with AKP. Kettunen et al. 
showed in a prospective randomised study with PFPS 

patients that an arthroscopy, in combination with physiother-
apy, had no positive effect compared to physiotherapy alone; 
therefore, the treatment of PFPS is primarily nonoperative 
[ 54 ,  55 ]. 

 In the past lateral retinacular release was well accepted as 
a primary surgical procedure for patients with resistant  patel-
lofemoral pain  with ill-defi ned indications [ 2 ,  4 ,  56 ,  57 ]. 
Today we know that this approach is appropriate for patients 
with a tight lateral retinaculum associated with rotational 
(tilt) malalignment of the patella and an excessive lateral 
pressure [ 2 ,  4 ,  56 ,  57 ]. Lateral retinacular restraints are 
important in blocking excessive lateral displacement of the 
patella, as well as in limiting medial displacement, so an 
inappropriate or overzealous release can be a problem. In 
most patients, release to the level of the proximal patellar 
pole, maintaining some vastus lateralis obliquus muscle sup-
port on the lateral side, is all that is necessary [ 2 ,  4 ,  56 ,  57 ]. 

 Balance of support structures around the front of the knee 
is important, as is proper  patella tracking . Some patients 
require a proximal medial imbrication or a reconstruction of 
the medial patellofemoral ligament for a medial patellar 
instability or a proximal realignment or a reconstruction of 
patella-tibial and patella-meniscal ligaments [ 2 ]. The impor-
tance with the surgery is to avoid any overload of a painful or 
potentially painful articular lesion [ 2 ,  58 ]. 

  Medial Patellofemoral Ligament Reconstruction . The 
reconstruction of primary passive restraint can be necessary 
if there’s a lateral patellar dislocation, reducing the risk of 
redislocation and with a satisfaction rate of over 80 % [ 59 ]. 

  Retinacular and Synovial Problems . Some patients have 
an isolated source of pain in the synovium, peripatellar reti-
naculum, patellar tendon or soft tissue around the front of the 
knee. A superfi cial neuroma related to previous surgery can 
cause intractable pain that can be treated simply by excision 
of the neuroma, once it is identifi ed [ 2 ,  60 ]. 

  ACL Reconstruction and Patellofemoral Pain . Many stud-
ies underline the high incidence of anterior knee pain after 
ACL reconstruction [ 2 ]. This can be due to changes in patel-
lofemoral tightness or to the site of a bone-patellar tendon- 
bone graft or to an alteration of the patellar alignment or an 
inappropriate graft placement or a scarring behind the patellar 
tendon or a delay in the motion after the reconstruction [ 61 ]. 
Surgery in these patients should be specifi c for the clinical 
fi ndings and may include infrapatellar contracture release, 
tibial tubercle anteriorisation, patellar tendon or harvest site 
debridement, lateral release, steep anteromedial tibial tuber-
cle transfer, notchplasty, cyclops debridement, neuroma 
resection or a combination of these procedures [ 2 ,  61 ,  62 ]. 

  Patellofemoral Salvage Surgery in Athletes . Unfortunately, 
there are some athletes and vigorous persons who become 
severely disabled by anterior knee pain and fail to improve or 
are made worse by surgery. Such patients require very careful 
attention. Often the treatment goal may be a return to  pain-free 
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or even less painful daily activity instead of sports. 
Nonetheless, there are situations in which vigorous activity or 
return to full athletic activity may be possible after the correc-
tion of previous patellofemoral surgery failure. Selection of 
the proper salvage surgical procedure is not really much dif-
ferent from planning primary surgery except that the surgeon 
should look carefully for evidence of retinacular scar related 
to previous surgery, infrapatellar contracture, extensive carti-
lage damage, medial patella instability or a previously over-
looked source of pain, sometimes in an area other than the 
patella-femoral joint. One must also recognise refl ex sympa-
thetic dystrophy, complicating psychiatric issues and second-
ary gain from legal or compensation issues. Most patients, 
however, including those with workers’ compensation issues, 
have real pain and need help [ 2 ,  6 ,  55 – 62 ].  

    Conclusion 

 The  anterior knee pain  is a large chapter of the knee dis-
orders, and the defi nition by Stanley James as the “black 
hole of orthopaedics” is still valid today. The aetiopatho-
genesis is multifactorial and the symptoms are typicals, 
therefore is necessary an accurate clinical and diagnostic 
examination. There are no guidelines about the treatment; 
the nonoperative treatment is of choice but it must be indi-
vidualised and multimodal. The surgical treatment is nec-
essary only in selected cases, and it is important to avoid 
unnecessary surgery because its consequences are often 
the cause of pain.     
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47.1             Etiology 

 Osteoarthritis is the most common joint disease. Being 
exposed to a high-intensity and prolonged sports activity, 
athletes are particularly vulnerable to osteoarthritis as a long- 
term effect of such vigorous physical stress and results in 
irreversible pathological changes in affected joints. 

 The main symptoms are joint pain, stiffness, dysfunction, 
instability, deformity, swelling, and crepitus. These symp-
toms can be presented early in an athlete’s career and lead to 
sports dismission. 

 The etiology of osteoarthritis is multifactorial and not 
fully understood. Age is the major independent risk factor of 
osteoarthritis; however, aging and osteoarthritis are interre-
lated, not interdependent. Cartilage senescence is related to 
other factors, both intrinsic (e.g., alignment, overloading) 
and extrinsic (e.g., genetics) to the joint [ 1 ]. In the young 
patient, the pathogenesis of knee osteoarthritis is predomi-
nantly related to an unfavorable biomechanical environment 
at the joint, which results in mechanical demand that exceeds 
the ability of a joint to repair and maintain itself, predispos-
ing the articular cartilage to premature degeneration [ 2 ]. 

 Systemic risk factors are thought to make the joint vulner-
able to local factors and are thereby associated with the 
development of OA. They include age, gender, hormonal sta-
tus, and genetics. Local risk factors cause abnormal bio-
chemical loading on joints and include obesity, occupational 

activities (squatting, kneeling, lifting), joint injury, and high- 
level sports participation. 

 In this chapter, we will focus on those mechanical factors 
that accelerate this process in the younger sportive population.  

47.2     Injury Mechanism 

47.2.1     Malalignment 

 Varus or valgus malalignment of the lower extremity results 
in an abnormal load distribution across the medial and lateral 
tibiofemoral compartment. For example, a 4–6 % increase in 
varus alignment increases loading in the medial compart-
ment by up to 20 % [ 3 ]. 

 Articular cartilage and subchondral bone are subjected to 
an increased stress, suggesting that axial malalignment plays 
an important role in the development of early OA. 

 However, studies examining the relationship between 
malalignment and early knee osteoarthritis have produced 
confl icting results. 

 A possible relationship between the incidence of early 
osteoarthritic changes and axial malalignment is only sup-
ported by limited evidence so far. 

 In contrast, the correlation between the progression of early 
osteoarthritic changes and axial malalignment has been well 
established. Both conventional radiological and MRI [ 4 ] stud-
ies found that axial malalignment is a potent risk factor for 
progression of early osteoarthritic changes in patients with 
axial malalignment. Articular cartilage loss and subchondral 
bone changes may lead to an increased malalignment. Cicuttini 
et al. [ 5 ] reported that the degree of varus knee angle was asso-
ciated with a reduction in the volume of both femoral and tib-
ial articular cartilage in the medial tibiofemoral compartment 
of the knee over a 1.9-year follow-up period. Similar results 
were seen in the lateral tibiofemoral compartment. 

 The rationale for high tibial osteotomy (HTO) is slowing 
or preventing early osteoarthritic changes by restoring a more 
favorable biomechanical situation, thereby reducing local 
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compartmental overload, via correction of malalignment. 
However, the long-term effectiveness of HTO for treatment of 
medial compartment osteoarthritis has not been experimen-
tally confi rmed to date. 

 Everything suggests that malalignment is related to 
increased occurrence and faster progression of osteoarthritic 
changes, and high tibial osteotomy shows promising results 
even though there is no evidence of such change prevention. 
Such practice must be studied deeper to increase our knowl-
edge and to justify this practice.  

47.2.2     Loss of Meniscal Tissue 

 Any substantial loss of meniscal tissue from injury or iatro-
genic meniscectomy permanently alters knee joint biome-
chanics and biology [ 6 ]. Subtotal or total meniscectomy 
increases the risk of secondary osteoarthritic changes by a 
factor 14 when compared to matched controls [ 7 ], eventually 
resulting in radiographic changes in 30–70 % of patients [ 8 ]. 
The role of concomitant cartilage damage related to the 
trauma that resulted in meniscal injury in the fi rst place, or of 
iatrogenic damage related to the meniscectomy procedures, 
has not been determined, but is likely to play a role as well. 
The younger the patients, the worse the outcomes, especially 
in those with associated articular comorbidities such as chon-
dral damage, ligamentous instability, and malalignment [ 9 ].  

47.2.3     Meniscectomy 

 Initially described as vestigial, nonfunctional tissue, the 
menisci have since been found to play a vital role in load trans-
mission in the knee. They transmit 50 and 70 % of the medial 
and lateral compartment load, respectively, with the knee in 
extension. This increases to almost 85 % when the knee is 
fl exed to 90° [ 10 ]. The menisci also serve as an important sec-
ondary restraint to anteroposterior joint translation in unstable 
knees, that is, knees with defi cient anterior cruciate ligament. 
Biomechanical studies have demonstrated signifi cant alteration 
in load transmission with meniscal defi ciency or mismatch [ 9 ]. 

 Biomechanical and animal models of meniscal repair 
demonstrated near-normal load transmission [ 11 ], providing 
a rationale for meniscal repair when possible. The same 
study, however, pointed out the challenges posed by radial 
tears, which even after successful healing demonstrated 
decreased contact area. 

 Clinical data refl ect the biomechanical changes observed 
experimentally. Radiographic changes in the knee joint after 
meniscectomy were noticed as early as 1939; however, 
Fairbank was the fi rst to describe in 1948 a consistent pattern 
of ridge formation, femoral fl attening, and joint space 
 narrowing in 107 patients that had undergone open, most 

likely complete meniscectomy [ 12 ]. Jackson in 1968 reviewed 
577 meniscectomized knees, demonstrating increasing num-
bers of patients with degenerative changes and osteoarthritic 
symptoms with longer follow-up, reaching 67 and 33 %, 
respectively, at 30-year follow-up [ 13 ]. These fi ndings were 
confi rmed subsequently by multiple authors, supporting 
Fairbank’s theory that meniscectomy predisposes the knee to 
osteoarthritis, especially when concomitant injuries or abnor-
malities are present, such as instability or malalignment. 
Relatively few experimental studies on this subject have been 
performed in vivo besides Voloshin and Wosk [ 14 ] who were 
able to demonstrate a 20 % reduction in the shock absorption 
capacity of the knee after meniscectomy.  

47.2.4     Meniscal Transplantation 

 The changes in biomechanical and biological environment of 
the knee joint following loss of meniscal tissue, either trau-
matic or following meniscectomy, and the deleterious conse-
quences of those changes on the articular cartilage are well 
known. 

 This leads to the meniscal transplantation rationale: to 
restore the optimal biomechanical environment that has 
demonstrated an improved contact area and peak stresses 
and a reduction in tibial translation and thus in ACL strains, 
being the menisci a secondary stabilizer of the knee. 

 Of course sizing, positioning, and fi xation technique for 
meniscal transplants appear to have important impact on bio-
mechanical results. 

 In literature, it is reported that even though degenerative 
changes were not avoided, they were reduced in comparison 
to meniscectomized controls. 

 Overall, patients needing a meniscal transplant without 
malalignment or following high tibial osteotomy had far 
 better results.  

47.2.5     Cartilage Defects 

 Cartilage lesions should be evaluated carefully in order to 
assess their depth: they are divided into partial-thickness and 
full-thickness defects, plus osteochondral lesions. 

 Partial-thickness lesions are usually less symptomatic 
(symptoms are usually related to bone and periarticular 
 tissue changes), and there is little evidence regarding their 
progression onto osteoarthritis, while full-thickness chondral 
or osteochondral lesions are believed to predispose to prema-
ture osteoarthritis [ 15 – 17 ]. 

 This kind of lesions are of a common fi nding in asymp-
tomatic patients (up to 20 % during arthroscopy and up to 
40 % as MRI fi ndings), and it is not clear which lesion and 
under which circumstances progress to osteoarthritis. 
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 Various animal models have helped us to understand the 
biology of cartilage repair; however, due to the anatomical 
and biomechanical differences, they cannot give evidence on 
the natural history of cartilage defects in humans. 

 An unanswered issue still remains: do our cartilage repair 
strategies stop or slow down osteoarthritis process? 

 At present, only the classical autologous chondrocyte 
implantation (ACI) technique has a prospective follow-up of 
over 10 years. 

 What we know is that the repair tissue does not have 
the mechanical properties of native hyaline cartilage, 
leaving the rim of the defect exposed to increased stress. 
Clinical data with suffi cient long-term follow-up regard-
ing different treatment options are not yet available. 
However, what seems to be the aim of treatment still 
remains the restoration of the biomechanical environment 
to near normal.  

47.2.6     Joint Instability or Laxity 

 We can defi ne instability as a shift from the primary load 
bearing areas to a different location, resulting in overloading 
of part of the articular cartilage, with a change in both static 
and dynamic loading with increased stress through the artic-
ular cartilage. 

 The ACL is the most commonly injured knee ligament 
and it is a primary constraint to anteroposterior joint transla-
tion, and isolated lesions are uncommon. Frequently, other 
ligamentous structures or the menisci are affected, leading to 
further compromission of joint stability. 

 However, there is a lack of evidence that anterior cruciate 
ligament reconstruction or meniscus repair prevents the 
development of osteoarthritis in the long term. There is evi-
dence of radiographic osteoarthritic changes in 50–80 % of 
injured knees even after adequate ACL reconstruction [ 18 ]. 

 This can be due to a persistent excessive tibial rotation 
during demanding activity. This is the case of athletes whose 
return to high functional, demanding sport is allowed by 
ACL reconstruction. 

 In conclusion, joint instability or laxity seems to play an 
important role in the development of early osteoarthritis even 
though more studies are needed to better understand and jus-
tify our everyday handling of ligamentous injuries.   

47.3     Treatment Strategy 

 There are two approaches to early osteoarthritis, conserva-
tive and surgical. 

 Conservative approach is usually the fi rst choice in early 
knee degenerative processes, with no clear lesions or associ-
ated abnormalities requiring surgical procedures. 

 If we exclude the oral medication (NSAIDs, COX inhibi-
tors) and exercise, of which we will not cover here, conserva-
tive treatment trend nowadays involves injective treatments. 

 Corticosteroid intra-articular therapy was fi rstly described 
in 1951 by Hollander [ 19 ] and the fi rst clinical trial by Miller 
et al. [ 20 ]. Since then, short-term benefi ts of intra-articular 
corticosteroids are well established and universally accepted; 
however, long-term benefi ts have not been confi rmed and 
repeated use is controversial, since they might facilitate tis-
sue atrophy, joint destruction, or cartilage degeneration. 

 Viscosupplementation, which involves the use of intra- 
articular injections of hyaluronic acid (HA), adds this gly-
cosaminoglycan to the joint, providing lubrication and shock 
adsorbency, and acts as a backbone for the proteoglycans of 
the extracellular matrix. 

 HA on the market differ in molecular weight, method of 
preparation, dose instructions, biologic characteristics, and 
possible clinical outcome. Clinical trials do not confi rm that 
differences in molecular weight have any impact on clinical 
effi cacy, and it has not been shown that higher molecular 
weight is related to higher effi cacy [ 21 ]. 

 Another injective procedure based on the use of autolo-
gous blood derivatives has been developed since the mid- 
1990s in order to obtain an injectable material enriched with 
endogenous interleukins or growth factors that can lead to 
cartilage repair or at least reduced cartilage degeneration. 

 Platelet-rich plasma (PRP) is gaining more and more 
attention due to the pools of growth factors stored in platelet 
α-granules that take part in cartilage regulation. 

 Blood is harvested and centrifuged to separate and con-
centrate platelets, which are injected into the joint. Kon et al. 
[ 22 ] published a pilot study on 100 patients, with evidence of 
safety, pain reduction, and improved function. The evalua-
tion performed at 2-year follow-up [ 23 ] showed an overall 
worsening and showed a median duration of the benefi cial 
effect of 9 months. It is interesting that better results were 
found in patients with no clear signs of osteoarthritis, sug-
gesting indication for early osteoarthritis. 

 However, no well-designed high-level studies have been 
found in literature to support its effi cacy, and one of the main 
reasons can be found in the heterogeneous products used. 

 Conservative management with physical therapy should 
be prescribed for at least 3–6 months before thinking about 
surgery, and it must comprehend activity modifi cation and 
weight normalization. 

 Injective therapy must be considered especially for those 
patients eligible for joint replacement within few years. 

 Preoperative counseling is fundamental in order to fi nd the 
best patient-fi tting solution and to set reasonable expectation. 

 Surgical intervention is considered after failure of conser-
vative management and lack of other alternatives. Moreover, 
patients with systemic infl ammatory disease, heavy smokers, 
and obese are not good candidates for cartilage repair.  
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47.4     Surgical Treatment 

 As stated before, varus or valgus malalignment of the lower 
extremity results in an abnormal load distribution across the 
medial and lateral tibiofemoral compartment, thus leading to 
unicompartmental OA. It is caused by local overload exceed-
ing the resilience of the osteochondral unit, resulting in 
accelerated tissue degeneration. 

 Osteotomy is a very old surgical technique that remains 
an important procedure for salvage surgery in patients with 
unicompartmental OA, cartilage defects, and ACL or menis-
cal lesions. Surgical treatment of such lesions without 
malalignment correction leads often to poor results. 

 Indications for osteotomy are malalignment associated 
with unicompartmental OA, cartilage or meniscal lesions, 
and ligament instability. 

 Generalized OA affecting multiple compartments is con-
sidered a contraindication, and such patients should be con-
sidered for arthroplasty. 

 This procedure does not require permanent activity 
restriction, thus being suitable for young active patients. 

 Closing-wedge high tibial osteotomy in association with 
ACL reconstruction and/or meniscal allograft transplanta-
tion has shown good results in varus-angulated knees (com-
bine ACL reconstruction and closing-wedge HTO for 
varus-angulated ACL-defi cient knees). 

 Postoperatively, patients are instructed to wear a long-leg 
brace for the fi rst 4 weeks after surgery. 

 Rehabilitation protocol, starting from the day after sur-
gery, comprehends quadriceps muscle isometric exercises, 
straight leg raises, patellar mobilization, and electric muscle 
stimulation. 

 After 2 weeks, passive range-of-motion exercises (0–90°) 
with motorized hardware. Complete range of motion should 
be achieved at week 6. Patients are allowed to toe-touch 
weight bearing for the fi rst 4 weeks to prevent excessive 
forces on the osteotomy site and, then, progressive weight 
bearing. Swimming pool exercise and stationary bike should 
start from week 5, running 4 months after surgery, and return 
to sports activity after 8 months [ 24 ]. 

 To address focal chondral defects, osteochondral auto-
graft transfer represents a good single-stage technique that 
involves harvesting and implanting of autologous osteochon-
dral plugs. 

 From a small incision, plugs are harvested from lesser 
weight-bearing regions such as the medial and lateral mar-
gins of the trochlea, the intercondylar notch, or the sulcus 
terminalis of the lateral femoral condyle [ 25 ]. 

 Patients should not be over 50 and present with a full- 
thickness focal chondral defect that should be smaller than 
4 cm 2 . This procedure should not be performed in case of 
advanced OA, infl ammatory disease, uncorrectable ligamen-
tous instability, or malalignment. 

 Rehabilitation starting from day one after surgery should 
engage in passive motion without ROM limitations, except 
in case of patellofemoral lesions. 

 Toe-touch weight bearing for the fi rst 6 weeks, then 
progressive. 

 If muscle mass is restored and ROM is complete, full 
 athletic activity is permitted 4 months after surgery, and a 
return to sport at the preoperative level should be achieved 
after 6–8 months. 

 However, donor site morbidity has been reported, and up 
to 50 % of patients after surgery reported pain in the donor 
site. 

 Marcacci et al. [ 26 ] focused on the correlation between 
lesion size and outcomes suggesting to apply only a limited 
number of plugs. However, in literature, good results have 
been reached in lesions up to 4 cm 2 . Also, clinical trials 
showed that this technique is superior to microfracture and 
as good or better than autologous chondrocyte implantation 
(ACI) in small to medium lesions [ 27 ,  28 ]. 

 In patients with bigger lesions, results are expected to be 
inferior than for focal lesion; however, they have few alterna-
tive treatment options. Autologous chondrocyte implantation 
(ACI) is one of those. 

 This technique developed almost 20 years ago addresses 
large chondral defects. This technique utilizes nowadays bio-
degradable scaffold, mostly collagen or hyaluronan-based, 
as cell carriers, facilitating implantation and maintaining 
chondrocyte-differentiated phenotype, which are mostly 
done arthroscopically. 

 This surgical technique is indicated for young active 
patients with large chondral lesions, after a careful evalua-
tion of comorbidities such as malalignment and meniscal or 
ligamentous insuffi ciency that should be addressed concur-
rently or before ACI. 

 The implant is very delicate and vulnerable for at least the 
fi rst 6 weeks, so weight-bearing restriction and limited 
motion is suggested. 

 A CPM machine is used for 6 weeks in association with 
isometric exercise for the quadriceps. Strengthening and pro-
prioceptive exercises are added after 6 weeks, when the use 
of a stationary bike and elliptical trainer is also allowed. 
Return to running and contact sports is delayed until at least 
12–18 months to allow graft maturation. 

 Cavallo et al. [ 29 ] showed that hyaluronan is able to 
 recreate an ideal environment for the cells. Their results 
suggest that the scaffold might favor the activation of ana-
bolic factors, which induce chondrocyte differentiation and 
reduce the expression and production of catabolic mole-
cules, thus negating the differences between cells derived 
from normal and degenerated cartilage. Histological and 
biochemical analysis showed that OA does not inhibit the 
regeneration process, confi rming an important role for 
bioengineering. 
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 Filardo et al. [ 30 ] analyzed a group of patients with 
degenerative cartilage lesions treated with arthroscopic 
second- generation hyaluronan scaffold ACI. All the scores 
evaluated showed a statistically signifi cant improvement at 
medium-term follow-up. However, the number of failures 
was quite high: 18.5 % at 6-year follow-up. 

 Aging and joint overuse, as in athletes, may lead to degen-
erative or traumatic meniscal lesions. Treatment may include 
meniscal resection, meniscal suture, or meniscal replace-
ment using scaffolds or allografts. 

 Meniscal scaffolds are indicated in case of history of 
meniscal injury with loss of >25 % of meniscal tissue both 
traumatic and iatrogenic, in absence or minimal chondral 
damage. They require some residual meniscal tissue for 
attachment, thus being contraindicated in meniscectomized 
patients without anterior/posterior horn attachments and a 
circumferential rim. 

 Meniscal allograft transplantation is indicated in young 
patients with history of meniscectomy and pain in the 
meniscus- defi cient compartment, in ACL-defi cient patients 
with previous medial meniscectomy who can benefi t from 
this second stabilizer, and in young athletic patients to avoid 
early joint degeneration, prior to symptoms onset. 

 In patients with advanced chondral degeneration or 
 evidence of signifi cant osteophyte formation or femoral con-
dyle fl attening, this procedure is contraindicated. Other 
contraindications are obesity, instability, synovial defects, 
infl ammatory disease, and previous joint infection. 

 Rehabilitation guidelines for meniscal scaffolds include 
limited weight bearing and motion for the fi rst 6–8 weeks 
and return to sports after 6 months. 

 In case of meniscal allograft transplantation, weight bear-
ing is not permitted for 3 weeks followed by 3 weeks of par-
tial weight bearing and progression to full weight bearing 
between weeks 6 and 10. 

 ROM is limited to 30° during the fi rst 2 weeks and 
increased by 30° every 2 weeks. Proprioceptive training is 
started after week 3. Swimming is allowed after week 6 and 
biking after week 12. Running should not be introduced 
before week 2. 

 Meniscal scaffold has the general risks associated with 
meniscal repair, and allografts have specifi c risks related to 
the transplant itself that is disease transmission from the 
donor and injury to the patellar tendon due to the anterior 
approach. 

 Zaffagnini et al. [ 31 ] reported 10-year follow-up in 33 
male patients after either Menafl ex (ReGen Biologics, USA) 
or partial medial meniscectomy (PMM) alone based on 
patient choice. The Menafl ex group showed signifi cantly 
lower pain and higher objective IKDC, Tegner index, and 
SF-36 scores; the Lysholm score did not show any signifi cant 
difference. Radiographic evaluation showed signifi cantly 
less medial joint space narrowing in Menafl ex patients, and 

MRI scores remained constant between 5 and 10 years after 
surgery. 

 Verdonk et al. reported on 52 patients after Actifi t (Orteq, 
UK) implantation. At 3 months postimplantation, MRI 
showed evidence of tissue ingrowth in the peripheral half of 
the scaffold in 86 % of patients. At 12 months, MRI showed 
stable or improved cartilage scores compared to baseline, 
and statistically signifi cant improvements were reported for 
IKDC functionality, Lysholm, VAS knee pain, and KOOS 
subscale at 6, 12, and 24 months after surgery. 

 There is clinical evidence to support meniscus allograft 
transplantation in meniscectomized painful knees. Signifi cant 
pain reduction and functional improvement have been 
reported in a high percentage of patients and appear to be 
long lasting, preventing further cartilage degeneration [ 32 ]. 
There seems to be a strong rationale for adding meniscal 
transplantation to cartilage repair procedures motivated by 
the well-known deleterious effects of meniscal loss and posi-
tive outcomes. 

 Marcacci et al. [ 33 ] published the results after 36-month 
follow-up after arthroscopic meniscus allograft transplanta-
tion in male professional soccer players. What they showed 
is that at 36 months from surgery, 92 % of the players were 
able to return to play soccer and 75 % were able to return to 
their preinjury level of activity (Tegner score of 10) after 
arthroscopic meniscus allograft transplantation without bone 
plugs. It was to our knowledge the fi rst study to report out-
comes of arthroscopic MAT in male professional soccer 
players, suggesting its feasibility even in high-demanding 
athletes but with some limitations: the small sample size and 
the broad range of concomitant knee injuries, due to such 
complex patient knee comorbidities.  

    Conclusion 

 High functional demand and limited treatment options 
make early OA a challenging pathology to deal with. 
Conservative measures as physical therapy and injec-
tions are only palliatives that can provide short-term 
pain relief. 

 Cartilage repair represent a promising treatment 
option for such patients. We are seeing a rapid develop-
ment of new promising technologies whose aim is to pro-
vide easier application techniques, less demanding 
rehabilitation, and better outcomes. Normalizing knee 
biomechanics with concurrent procedures such as menis-
cal transplantation and osteotomy still remains a crucial 
procedure to provide an adequate environment for these 
new technologies. 

 Joint replacement, indicated in older population, is 
controversial in younger patients who are less satisfi ed 
and  experience a higher failure rate, because of a higher 
functional demand and thus a higher consumption and 
revision rate.     
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         Anterior cruciate ligament (ACL) lesions in adolescents rep-
resent a serious concern for the physician. The increased 
involvement of children and adolescents in organized sports 
beginning at an early age raises concern regarding risk and 
severity of sports injury. Inevitably with increased participa-
tion and training come an increasing number of sports inju-
ries. Three types of youth sports injury, anterior cruciate 
ligament (ACL) injury, concussion, and physeal injury, are the 
focus of much recent media and scholarly attention given their 
frequency, potential for adverse long-term health outcomes, 
and escalating healthcare costs [ 1 ]. If not managed appropri-
ately, they can also lead to long- term complications which 
could negatively affect ability to continue to participate in 
exercise and sports as well as threaten general health. 
Management of ACL injuries is an area of controversy because 
it can affect long-term growth and recovery as well as the abil-
ity to participate in sports. No well-designed epidemiologic 
studies to document ACL injury rates have been conducted in 
children younger than 14 years. Although there have been 
reports of sports-related ACL injuries in children as young as 
5 years, the limited data available suggest that ACL disrup-
tions in children younger than 12 years are rare [ 2 ]. In 1988, 
McCarroll et al. [ 3 ] found that of the 1,722 ACL injuries diag-
nosed over a 6-year period at their sports medicine center, 3 % 
were in children 14 years and younger; the authors conclude 
that a conservative approach, although reasonable, has not 
always been feasible in the young population who has a strong 
desire to pursue competitive athletics. The Norwegian ACL 

surgical registry collects data for all ACL surgeries performed 
at participating institutions nationwide. From 2004 to 2011, 
this registry recorded a total of only 8–9 ACL surgeries each 
year for children 11–13 years of age. This represents a small 
fraction (0.6 %) of the total number of ACL surgeries recorded 
each year (1,441) in this registry across all age groups. For the 
children who had surgery, the age at the time of injury ranged 
from 9 to 13 years. The ACL surgery rate for 12- to 13-year- 
olds (3.5 per 100,000 citizens) was substantially lower than 
that for 16- to 39-year-olds (85 surgeries per 100,000 citi-
zens), the age group at highest risk [ 4 ]. Again, these numbers 
underestimate the actual injury rates, because they do not 
account for those treated nonoperatively. ACL injury risk 
begins to increase signifi cantly at 12–13 years of age in girls 
and at 14–15 years of age in boys. Female athletes between 15 
and 20 years of age account for the largest numbers of ACL 
injuries reported. The gender disparity in ACL injury rates 
among athletes begins to appear around the time of the growth 
spurt (12–14 years of age for girls and 14–16 years of age for 
boys), peaks during adolescence, and declines in early adult-
hood [ 5 ]. At the high school level, ACL injury rates in gender-
comparable sports (soccer, basketball, baseball/softball, track, 
volleyball) are 2.5–6.2 times higher in girls compared with 
boys [ 6 ]. In college athletics, ACL injury rates are 2.4–4.1 
times higher for women, and at the professional level, ACL 
injury rates for men and women are essentially equal [ 7 ]. The 
young athlete may be particularly vulnerable to sports injury 
because of the physical and physiological processes of growth; 
moreover, young athletes might also be at increased risk of 
injury because of immature or underdeveloped coordination, 
skills, and perception. Although ACL injuries account for 
approximately 3 % of all injuries in college sports, they 
account for 88 % of injuries associated with 10 or more days 
of time lost from sports participation. An ACL injury at an 
early age is a life-changing event. In addition to surgery and 
many months of rehabilitation, the treatment costs can be sub-
stantial ($17,000–$25,000 per injury), and the time lost from 
school and sports participation can have considerable effects 
on the athlete’s mental health and academic performance [ 8 ]. 
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Beyond these more immediate effects, an ACL injury also has 
long-term health consequences. Regardless of the type of 
treatment, athletes with ACL injury are up to ten times more 
likely to develop early-onset degenerative knee osteoarthritis, 
a condition that not only limits one’s ability to participate in 
sports but also often leads to chronic pain and disability. A 
systematic review of a series of long-term studies suggests 
that the rates of degenerative knee osteoarthritis 10–20 years 
after ACL injury are more than 50 % [ 9 ]. This means children 
and  teenagers who suffer ACL injuries are likely to face 
chronic pain and functional limitations from knee osteoarthri-
tis in their 20s and 30s. 

48.1     Risk Factors 

 ACL injury risk in young athletes is probably multifactorial. 
Injury data from many fi elds demonstrate that numerous phys-
ical and psychological parameters affect ACL injury rates. 
Although ACL injury rates increase with age in both genders, 
girls have higher rates immediately after the growth spurt. It is 
likely that the increases in body weight, height, and bone 
length during pubertal development underlie the mechanism 
of increased risk of ACL injury with increasing age. During 
puberty, the tibia and femur grow at a rapid rate. This growth 
of the two longest levers in the human body translates into 
greater torques on the knee. In pubertal boys, testosterone 
mediates signifi cant increases in muscular power, strength, 
and coordination, which affords them with greater neuromus-
cular control of these larger body dimensions. Pubertal girls 
do not experience this same growth spurt in muscular power, 
strength, and coordination, which likely explains their higher 
rates of ACL injuries compared with pubertal boys; the pre-
adolescent athletes show no gender differences in ACL injury 
rates [ 10 ,  11 ]. Hormonal factors are also likely to play a role; 
however, results of studies investigating hormonal factors are 
both equivocal and controversial. Although the female knee 
appears to get slightly more lax, on the order of 0.5 mm, at 
mid-menstrual cycle, injuries tend to cluster near the start of 
menses at the polar opposite time in the cycle [ 12 ]. Activation 
of the quadriceps before the hamstrings, a pattern more fre-
quently seen in female individuals, increases the anterior shear 
force that directly loads the ACL and also could be related to 
increased dynamic valgus alignment at initial contact during 
cutting and landing maneuvers. Although fatigue is often cited 
as a potential risk factor for ACL injury, there are relatively 
few published studies to support or refute this [ 13 ,  14 ]; cer-
tainly a greater weight and BMI have been associated with 
increased risk of ACL injury. A narrow intercondylar notch, 
where the ACL is housed, is proposed to increase ACL injury 
risk, because a narrow notch tends to be associated with a 
smaller, weaker ACL and also could cause increased elonga-
tion of the ACL under high tension. Some studies have shown 
that a narrow notch increases risk of ACL injury; however, 

others have shown no association between notch width and 
ACL injury [ 15 ,  16 ]. Subtalar joint overpronation,  fl at foot , 
has been associated with noncontact ACL injuries, likely 
because overpronation increases anterior translation of the 
tibia with respect to the femur, thereby increasing the strain on 
the ACL [ 17 ]. Generalized joint laxity and knee hyperexten-
sion were found to signifi cantly increase the risk for ACL 
injury in female soccer players. Patients with ACL injury have 
signifi cantly more knee recurvatum at 10° and 90° of hip fl ex-
ion and an increased ability to touch palms to the fl oor. Athletes 
with generalized joint laxity had a 2.7 times greater risk of 
ACL injury than did those without generalized laxity, and 
those with increased anteroposterior laxity of the knee, as 
measured by a knee arthrometer, had an approximately three 
times greater risk of ACL injury than did those without such 
laxity. Joint laxity affects not only sagittal knee motion (hyper-
extension) but also coronal knee motion (valgus), which can 
strain the ACL and be related to increased risk in athletes [ 18 ].  

48.2     ACL Tear 

 The most common mechanism of ACL injury is a noncontact 
pivoting motion on a fi xed foot or a trauma with the knee in 
hyperextension or rotation. If a hemarthrosis develops within 
a few hours after the trauma in the absence of a bony injury, 
there is a 70 % chance of ACL injury [ 19 ]. The examiner 
should assess gait and alignment and range of motion and 
assess the affected joint and compare it with the contralateral 
joint, taking into account that most children may have hyper-
laxity which decreases with maturity. Radiographs should be 
examined for bony injuries. Magnetic resonance imaging 
(MRI) can be useful, but may be no better than accurate clini-
cal examination. In a pediatric athlete with an acute traumatic 
knee effusion, the Lachman test, anterior drawer test, and 
pivot shift test are clinical examinations that aid in making the 
diagnosis of an ACL tear. The Lachman test is considered the 
most accurate of the three commonly performed clinical tests 
for an acute ACL tear, showing a pooled sensitivity of 85 % 
(95 % confi dence interval CI) and a pooled specifi city of 
94 % (95 % CI 92–95). The pivot shift test is very specifi c, 
namely, 98 % (95 % CI), but has a poor sensitivity of 24 % 
(95 % CI 21–27). Lastly, the knee arthrometer is an objective, 
accurate, and validated tool that measures, in millimeters, the 
amount of tibial translation relative to the femur while per-
forming a Lachman test and, thus, augments the clinical 
examination when examining a patient with an ACL tear [ 20 ].  

48.3     Management of ACL Tear 

 The management of ACL defi ciency in skeletally mature 
children is still controversial, especially in terms of 
 operative timing and surgical technique. Conservative 
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 management is not recommended, as it is accompanied by 
marked reduction in activity, decline in functional perfor-
mance, and development of early osteoarthritis. Historically, 
delayed anatomical ACL reconstructions were preferred 
[ 21 ] recommending extensive rehabilitation and return to 
activities with a brace to skeletal maturity and growth plate 
closure, to allow an anatomical adult-like reconstruction. 
The present trend favors early reconstruction, using either 
extra-physeal techniques in very young athletes or anatom-
ical reconstruction techniques placing the tibial and femo-
ral tunnels close to the center on the growth plate of the 
tibia and femur in young athletes closer to skeletal maturity 
[ 22 ]. An ACL tear in a child is not a surgical emergency; 
multiple timely discussions with the parents and the child 
about the appropriate management options and understand-
ing their goals and expectations are very important. The 
general indications for surgery are the patient’s inability to 
participate in his or her chosen sport, instability that affects 
activities of daily living, and an associated repairable 
meniscal tear or a knee injury with multiple torn ligaments. 
Treatment of ACL injuries in the skeletally immature 
patient remains controversial, because standard ACL recon-
structions involve the use of drill holes that cross the open 
physes and may potentially cause growth disturbance, such 
as shortening or angulation of the child’s leg. A meta-anal-
ysis of 55 studies suggested that the risk of leg length dif-
ference or angular leg deviations was approximately 2 % 
after ACL reconstruction in children and adolescents. The 
authors recommended randomized controlled trials to clar-
ify this risk more accurately [ 23 ]. But ACL surgery is about 
90 % successful in restoring knee stability and patient sat-
isfaction. Ideally, surgical treatment of an ACL tear in a 
skeletally immature athlete would be postponed until skel-
etal maturity, and the athlete would not develop meniscal 
tears during that waiting time. Most recent literature now 
supports early surgery for pediatric athletes with an ACL-
defi cient knee and recurrent episodes of instability [ 24 ]. No 
consensus exists on the best method to treat an ACL tear in 
a pediatric athlete. Safe and effective surgical techniques 
continue to evolve. However, the current literature suggests 
reasonable, evidence-based management options that mini-
mize the risks of iatrogenic growth plate injury [ 25 ,  26 ]. 
The two principal ACL surgery techniques performed on a 
pediatric athlete are physeal sparing or transphyseal and all 
inside. 

48.3.1     Physeal Sparing Technique 
(Both Tibia and Femur) 

 Various physeal-sparing techniques have been described 
for primary repair of ACL. They were designed to avoid 
placing drill holes across both the tibial and the femoral 
growth physes because primary repair of ACL injury is 

associated with high rate of instability and failure. 
However, Brief [ 31 ] and recently Kocher et al. [ 32 ] have 
described a technique that avoids placing the tunnels 
across both the femoral and the tibial physes. This tech-
nique utilizes the distally attached semitendinosus and 
gracilis tendons or the iliotibial band graft by passing them 
under the anterior horn of the medial meniscus, through 
the intercondylar notch, passing over the top, and attach-
ing with staples above the physes of the lateral distal femo-
ral condyle. There were no reports of growth disturbances 
in these patients at 36-month follow-up. Eight of the nine 
patients in the study said they had no instability and were 
satisfi ed with the result. Micheli et al. [ 33 ] also described 
the use of the iliotibial band as a femoral and tibial phy-
seal-sparing technique in 17 prepubescent children. 
However, the validity of these techniques was limited by 
the small size of the number of patients and a relatively 
short- term follow-up.  

48.3.2     Transphyseal and “All-Inside” Technique 

 This involves the transphyseal tibial and femoral passage 
of the graft. Athletes who were close to skeletal maturity 
were treated with standard techniques as in adults. Aichroth 
et al. [ 34 ] reported results of a prospective study of 45 ado-
lescent patients treated for ACL injuries, whose average 
chronological age was 12.5 years. They used the four-
strand hamstring technique. The drill holes originated 
from the anatomical footprint of the ACL and were ori-
ented to cross the physes as perpendicular as possible. The 
mean follow-up period was 49 months. There were neither 
any leg length discrepancies nor any physeal arrest during 
the follow-up of these patients [ 24 ]. This study docu-
mented that placement of transphyseal tunnels may not 
cause clinically signifi cant growth plate arrest when anat-
omy and choice of fi xation devices are carefully planned 
and considered. The young average age of the patients 
studied (12.5 years) indicates that these patients had 
remaining growth potential which was not affected by 
ACL reconstruction. 

 Recently, different surgeons have described [ 27 ,  28 ] “all- 
inside” techniques for ACL reconstruction using the innova-
tive FlipCutter ®  (Arthrex Inc. – Naples, Fl), an all-in-one 
guide pin and reamer that allows minimally invasive socket 
creation from inside/out in the tibia and femur, as perpen-
dicular as possible to the physes, using only a quadruple 
semitendinosus with good results. 

 An accurate understanding of the athlete’s physical matu-
rity by determining skeletal age and Tanner stage helps to 
identify which treatment is best for a specifi c patient. The 
most common method of measuring the patient’s skeletal age 
is to compare an anteroposterior radiograph of the patient’s 
left hand and wrist to an age-specifi c radiograph in the 
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Greulich and Pyle atlas. Tanner stage can be determined by 
self-assessment, which has been shown to be valid and 
 reliable [ 10 ]. Patients with open physes at Tanner stage III 
and skeletal age of less than 14 in girls and less than 16 in 
boys can be offered the option of activity modifi cation, func-
tional bracing, rehabilitation, and careful follow-up. Surgery 
is indicated in skeletally immature patients with a torn ACL 
and an additional repairable meniscal injury and in patients 
who failed conservative care. Rehabilitation after ACL sur-
gery may need to be modifi ed for the individual patient and 
the particular surgical procedure. In general, a graduated 
rehabilitation program emphasizing full extension, immedi-
ate weight bearing, active range of motion, and strengthen-
ing of the quadriceps, hamstrings, hip, and core can be 
started in the fi rst few weeks after surgery. Progressive reha-
bilitation during the fi rst 3 months after surgery includes 
range-of-motion exercises, patellar mobilization, proprio-
ceptive exercises, endurance training, and closed-chain 
strengthening exercises. Straight-line jogging, plyometric 
exercises, and sports-specifi c exercises are added after 4–6 
months. Return to play typically occurs 7–9 months after 
surgery [ 29 ].   

48.4     Conclusions and Guideline 
for Physician (From the American 
Academy of Pediatrics) [ 30 ] 

     1.    The number of ACL injuries in young athletes has 
increased over the past two decades, coincident with the 
growing number of children and adolescents participating 
in organized sports, intensive sports training at an earlier 
age, and greater rate of diagnosis because of increased 
awareness and greater use of advanced medical imaging.   

   2.    Intrinsic risk factors for ACL injury include higher BMI, 
subtalar joint overpronation, generalized ligamentous 
laxity, and decreased neuromuscular control of the trunk 
and lower extremities.   

   3.    ACL injury rates are low in young children and increase 
sharply during puberty, especially for girls, who have 
higher rates of ACL injuries than boys do in similar 
sports.   

   4.    Although there likely are multiple factors underlying the 
differences in noncontact ACL injury rates in male and 
female athletes, neuromuscular control may be the most 
important and most modifi able factor.   

   5.    ACL injuries often require surgery and/or many months 
of rehabilitation and substantial time lost from school 
and sports participation.   

   6.    The best physical examination test for an ACL tear is the 
Lachman test.   

   7.    MRI can be valuable for diagnosing ACL tears and asso-
ciated meniscal and chondral injury in the pediatric ath-

lete whose physical examination is diffi cult to perform 
because of pain, swelling, and lack of cooperation.   

   8.    An ACL tear in a young athlete is not a surgical emer-
gency. Multiple discussions with the athlete and parents 
may be needed to understand the athlete’s goals and 
parental expectations and to educate the family about 
possible treatment options.   

   9.    The patient’s skeletal age, measured by an anteroposte-
rior radiograph of the left hand and wrist, and Tanner 
stage are helpful for the physician in deciding the most 
appropriate treatment of an ACL tear in a skeletally 
immature athlete.   

   10.    Pediatricians and orthopedic surgeons treating young 
people with ACL injuries should advise them that 
regardless of treatment choice, they are at increased risk 
of early-onset osteoarthritis in the injured knee. Such 
discussions should be appropriately documented in the 
patient’s medical record.   

   11.    Musculoskeletal changes that decrease dynamic joint 
stability in high-risk female athletes and potentially 
lead to higher injury rates in this population could 
be modified if neuromuscular training interventions 
are instituted in early-middle adolescence, when the 
neuromuscular risk factors for ACL injury start to 
develop.   

   12.    Neuromuscular training appears to reduce the risk of 
injury in adolescent female athletes by 72 %. Prevention 
training that incorporates plyometric and strengthening 
exercises, combined with feedback to athletes on proper 
technique, appears to be the most effective.   

   13.    Pediatricians and orthopedic surgeons should direct 
patients at highest risk of ACL injuries (e.g., adoles-
cent female athletes, patients with previous ACL injury, 
generalized ligamentous laxity, or family history of 
ACL injury) to appropriate resources to reduce their 
injury risk.   

   14.    Pediatricians and orthopedic surgeons who work with 
schools and sports organizations are encouraged to edu-
cate athletes, parents, coaches, and sports administrators 
about the benefi ts of neuromuscular training in reducing 
ACL injuries and direct them to appropriate resources.         
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49.1             Etiology 

 First patellar dislocation is defi ned as a clinical entity that 
usually causes a traumatic disruption of the previously unin-
jured medial restraints of the patella with consequent hemar-
throsis of the knee [ 1 ]. Acute patellar dislocation is a frequent 
injury that usually occurs during sport and physical activi-
ties, most often in adolescents. The annual incidence is 
5.8 per 100,000 in the general population. The incidence 
increases to 29 per 100,000 in the 10- to 17-year age group 
[ 2 ]. Patellar dislocation can occur without any pathologic 
structures in the patellofemoral joint when the femur rotates 
internally and the tibia externally with the foot fi xed on the 
ground (Fig.  49.1 ). Quite often, however, patellar dislocation 
is associated with predisposing anatomic features for patellar 
instability as trochlear dysplasia, patella alta, increased fem-
oral antetorsion, increased external tibial torsion, lateral 
patellar tilt, vastus medialis muscle hypoplasia, subtalar joint 
pronation-valgus alignment of the lower limb, and ligamen-
tous laxity (Table  49.1 ). The risk factors for primary patellar 
dislocation are tall height and excess weight [ 3 ]. 

49.2        Injury Mechanism 

 A complex interaction between muscles, ligaments, bone mor-
phology, and lower extremity alignment infl uences patellar 
motion. The most important stabilizer of the patella beyond 
30° of knee fl exion is bony stability of the femoral trochlea. 
Additional stability is provided by active and passive restraint. 
Actively, the rectus femoris and vastus intermedius muscles 
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  Fig. 49.1    Patellar dislocation can occur when the femur rotates inter-
nally and the tibia externally with the foot fi xed on the ground       

   Table 49.1    Predisposing factors   

 Trochlear dysplasia 
 Patella alta 
 Increased femoral antetorsion 
 Increased tibial torsion 
 Lateral patellar tilt 
 Vastus medialis muscle hypoplasia 
 Subtalar joint pronation-valgus alignment of the lower limb 
 Ligamentous laxity 
 Tall height 
 Excess weight 
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act along the femoral axis, and the vastus lateralis and medialis 
help stabilize the patella in the medial/lateral plane. Passive 
restraints include patellar tendon, the medial menisco-patellar 
ligament, and the medial patellofemoral ligament (MPFL), 
a thin but relatively consistent ligament [ 4 ,  5 ]. The MPFL 
extends from the medial margin of the patella and attaches to 
the femur between the adductor tubercle and the medial epi-
condyle [ 6 ,  7 ]. The MPFL is important in initiating smooth 
entry into the trochlea with knee fl exion and seems to be the 
major ligamentous restraint against patellar dislocation [ 8 ]. 
Traumatic primary patellar dislocation is almost always asso-
ciated with hemarthrosis, MPFL injury, and medial retinacular 
disruption [ 3 ]. Clinically, 94–100 % of patients suffer from 
MPFL rupture after acute patellar dislocation [ 8 ].  

49.3     Clinical and Diagnostic Examination 

 The initial evaluation of a fi rst-time patellar dislocation 
should include an appropriate patient history, family history 
of patellar dislocation or hyperlaxity, and physical examina-
tion. Patients frequently report that their knee “gave way” 
and that they “felt a pop.” Clinical fi ndings include large 
effusion with tenderness about the medial retinaculum and 
hemarthrosis. The patella is usually spontaneously reduced, 
making the diagnosis less clear if the athlete cannot clearly 
identify what happened during injury. The clinician can 
rarely assist the reduction by applying a medially directed 
force with knee extension to push the patella over the lateral 
trochlea and back into the trochlear groove. If the patella 
does not easily reduce, the procedure should be aborted. 
A fracture fragment of the patella or condyle may limit the 
reduction and can be verifi ed with radiographic studies [ 9 ]. 

 Aspiration of the knee joint should be performed in 
patients with moderate to severe effusions. The presence of a 
hemarthrosis raises the likelihood that a signifi cant osteo-
chondral fracture has occurred. Clinical fi ndings are not 
 specifi c, so careful examination should be undertaken for 
anterior cruciate ligament, posterior cruciate ligament, and 
collateral and rotational laxity. Patellar apprehension and 
mobility should be assessed by medial and lateral patellar 
translation. A common physical examination sign to asses 
patella laxity is measuring the movement of the patella when 
passively stressed, recording the movement in quadrants of 
mobility as well as its endpoint fi rmness [ 10 ]. Increased lat-
eral patella translation is suggestive of a lateral patellar 
dislocation. 

 Plain radiographs are always needed to evaluate patellar 
position and to asses osteochondral fractures, in particular, 
an AP-extended knee weight-bearing view, a Mercer- 
Merchant view (45° fl exion weight-bearing view), and a 30° 
fl exion lateral view. Both patellae should be included in the 
axial view. Even when the radiographs are normal, an osteo-
chondral fracture may have occurred. Osteochondral fracture 

has been reported to be missed in 30–40 % of initial radio-
graphs in both surgical and MRI studies [ 11 ,  12 ]. MRI is 
recommended to be performed quite soon after the injury to 
verify the diagnosis, evaluate additional injuries, asses the 
cartilage more precisely, classify the MPFL injury, and 
describe the anatomic factors of the patellofemoral joint 
(Fig.  49.2 ). MPFL injuries have been classifi ed into three 
categories based on location: at the level of the MPFL patel-
lar insertion, at the midsubstance, and at the femoral origin 
of the MPFL [ 13 ,  14 ]. Between 40 and 90 % of MPFL dis-
ruptions are located in the femoral attachment, whereas some 
studies have reported fi gures up to 50–60 % at the patellar 
insertion. The MPFL midsubstance region seems to be less 
frequently affected [ 15 ]. Recently, Sillanpää proposed a new 
classifi cation for patellar insertion MPFL injuries: type P0 
with ligamentous disruption, type P1 with bony avulsion 
fragment, and type P2 with bony avulsion involving articular 
cartilage surface from the medial facet of the patella [ 15 ].   

49.4     Treatment Strategy 

 The initial management of a fi rst-time traumatic patellar dis-
location is controversial with no evidence-based consensus 
to guide decision-making. Conservative treatment has been 
historically suggested for patients with primary patellar 
 dislocation. A short immobilization period is used for patient 

  Fig. 49.2    Right knee MRI performed after fi rst-time patellar 
 dislocation. It can be noted a patellar osteochondral fracture at the 
MPFL insertion       
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comfort and is followed by formal physiotherapy. Therefore, 
the optimal conservative management has yet to be estab-
lished [ 16 ]. The surgical treatment should be  considered in 
specifi c conditions. These include the fi nding of an osteo-
chondral fracture, a substantial disruption of the MPFL, and 
a laterally subluxated patella with normal alignment of the 
contralateral knee [ 17 ]. 

49.4.1     Nonoperative Treatment 

 Hemarthrosis can be aspirated for pain relief. It is important 
to prescribe rest, ice, compression, elevation, and NSAIDs. 
The drainage massage of the knee may be useful in order to 
reduce the post-traumatic edema. Common at this stage is 
the use of physical therapy for the resolution of edema and 
pain. The patient should be immobilized initially for comfort 
(3–4 weeks) to allow immediate weight bearing as tolerated 
on crutches with early mobilization. Immobilization in 
extension may allow for a better environment for MPFL 
healing, but this comes at the expense of stiffness, weakness, 
and loss of limb and proximal control [ 18 ]. The aims of 
physiotherapy are to restore knee range of motion and to 
strengthen the quadriceps muscles to restore the dynamic 
part of the patellar soft-tissue stabilizers. At 4–6 weeks, 
walking and knee range of motion should be normalized.  

49.4.2     Surgical Options 

 Studies that observed a patellar dislocation recurrence rate of 
up to 44 %, fi ndings of slow-developing symptoms with previ-
ous pain in the frontal region of the knee, and recurring insta-
bility rate above 50 % after nonoperative treatment led to an 
increase in initial treatment with surgical repair and recon-
struction of the medial patellar stabilizers [ 19 ]. In literature, 
there is no suffi cient evidence to confi rm a signifi cant differ-
ence in the outcome between surgical or nonsurgical initial 
management after fi rst patellar dislocation [ 20 ]. Surgical inter-
vention should be considered in specifi c conditions. These 
include the fi nding of an osteochondral fracture or major 
chondral injury, a substantial disruption of the MPFL-VMO-
adductor mechanism, a laterally subluxated patella on the 
plain Mercer-Merchant view with normal alignment of the 
contralateral knee, a patient fails to improve with nonoperative 
management especially in the presence of predisposing factors 
to patellar dislocation, and subsequent redislocation [ 17 ]. 

 There is a very high prevalence of MPFL lesion after fi rst- 
time patellar dislocation. Clinically, up to 94–100 % of 
patients suffer from MPFL rupture [ 8 ]. As described earlier, 
MRI is suggested to classify MPFL injury. In literature, there 
are many methods described for the acute surgical repair, but 
no one seems to show better long-term outcomes compared to 
conservative treatment [ 21 – 25 ]. Camano et al. suggest that 

MPFL patellar or femoral attachment injury can be surgically 
reinserted with sutures or suture anchors with satisfying 
results and may lead to a better outcome than nonsurgical 
treatment [ 22 ]. In different prospective studies is yet described 
that operative treatment does not improve medium- term out-
come [ 23 – 25 ]. Midsubstance MPFL injury should be repaired 
only in rare cases with extensive VMO fascial disruption in a 
high-energy dislocation when the VMO detaches from the 
medial patellar capsule, and the quadriceps pull vector may 
be signifi cantly lateralized; therefore, the patella dislocates in 
extension when the quadriceps is activated [ 16 ]. 

 Surgical open repair and fi xation is recommended when 
the osteochondral fracture is greater than 10 % of the patella 
articular surface or part of the weight-bearing portion of the 
lateral condyle [ 26 ]. Fixation is performed with pins, screw 
sutures, or bioabsorbable nails. If the osteochondral frag-
ment is smaller than 5 × 10 mm, especially when located in a 
low-pressure area, surgery treatment is not recommended. 
Small fracture that acts as a loose body and produces symp-
toms should be arthroscopically removed [ 27 ]. 

 Mariani et al. described an arthroscopic technique for 
acute repair of patellar MPFL through reattachment at the 
patellar border with two trans-patellar sutures (Fig.  49.3 ). 
The potential benefi t of performing an arthroscopic repair at 
medial hedge of the patella is to directly restore the MPFL to 
its anatomic position without associated surgical complica-
tions and to achieve a good tension of the ligament itself. In 
this prospective study, only one out of 17 patients treated 
with arthroscopic reinsertion of the MPFL reported one epi-
sode of patellar instability; 14 patients were able to return to 
sports at the same levels as before [ 28 ].  

  Fig. 49.3    MPFL injury arthroscopic view after the fi rst patellar dislo-
cation (Courtesy of Prof. PP Mariani)       
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 In some cases, MPFL patellar or femoral attachment 
 disruption can be accompanied by a midsubstance total or 
partial tear. Therefore, MPFL reconstruction may be the 
more reliable surgical method than MPFL repair. In a ran-
domized controlled trial, Bitar et al. evaluated 44 patients 
with fi rst patellar dislocation comparing the nonoperative 
treatment and MPFL reconstruction. They concluded that 
treatment with reconstruction of the MPFL with the patellar 
tendon produced better results, based on the analysis of 
posttreatment recurrences and the better fi nal results of the 
Kujala questionnaire after a minimum follow-up period of 
2 years [ 19 ]. 

 Additional procedure involving osseous anatomy 
should be selected on an individual basis and is generally 
not suggested as a fi rst-line treatment after fi rst-time 
patellar dislocation. In this regard, skeletally immature 
patients and adolescents with primary dislocation could 
present severe trochlear dysplasia or alignment abnormal-
ities that may need to be addressed whether surgery is per-
formed after primary dislocation [ 29 ]. The clinical 
outcome of various acute patellar dislocation remains 
highly uncertain with regard to the factors that predispose 
a patient to patellar instability. Therefore, further random-
ized studies are required to stabilize whether the individ-
ual preexisting predisposing factors for instability and the 
pattern of the medial stabilizers injury could infl uence the 
operative or nonoperative management of the fi rst acute 
patellar dislocation [ 30 ].   

49.5     Rehabilitation and Return to Play 

 It is important to educate the patient about the importance of 
regaining muscle strength and dynamic stability. The VMO 
and glutes are the primary target of our work [ 31 ]. In order to 
achieve a proper and safe resumption of sports activities, 
there are critical points to achieve during rehabilitation: the 
strength of the lower limb muscles, especially the quadriceps 
and the gluteus medius. Therefore, the fi nal goal of the reha-
bilitation program should be focused on the stability of the 
lower limb by the use of specifi c exercises on different sur-
faces, including cutting maneuvers, side hops, and sudden 
change of direction [ 32 ]. 

 Testing exercises are mandatory to evaluate recovery and 
the competence of the injured or operated limb:
•    Figure-of-eight test: the time taken to complete three laps 

around two circles each with a diameter of 4 m describing 
the shape of the number 8.  

•   Stair-running test: patient must run uphill and downhill on 
a fl ight of stairs to a total of 55 steps.    
 To make a judgment of suitability for the implementation 

of an athletic movement, we propose a series of three tests 
called functional performance tests (FPT):

•    Co-contraction test: to make a series of jumps along a 
semicircle drawn on the ground while the subject is bound 
to the wall by an elastic cable. The protocol expected to 
perform fi ve semicircles in the shortest possible time.  

•   Shuttle run test: the patient runs four routes of 6.1 m each, 
with stops and changes of direction. Tests are carried out 
for 3 times each and they are timed. The best times for 
each test are added together and constitute the FPT.    
 The monopodalic tests are valid indicators of strength and 

functional stability:
•    Single-leg hop test: just one monopodalic jump.  
•   Triple-leg hop test: three consecutive monopodalic jumps; 

both limbs are tested by measuring the distance covered. 
Return to competition activity is considered appropriate 
when the difference between the two limbs is less than 10 %.  

•   Side-jump test: the knee is stressed not only in the sagittal 
plane as the previous ones but also in the transverse plane 
ensuring greater reliability to the evaluation of functional 
recovery [ 33 ].    
 Return to full activity can be suggested after 3 months of 

rehabilitation. The length of nonoperative treatment is rec-
ommended from 3 to 6 months, with emphasis that the exer-
cise program should be continued over the long term to 
ensure optimal functioning [ 16 ].     
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50.1             Anatomy and Biomechanics 
of the Ankle Ligamentous Complex 

 The  lateral ligamentous complex  of the ankle is composed 
by three major ligaments: the anterior talofi bular ligament 
(ATFL), the calcaneofi bular ligament (CFL), and the poste-
rior talofi bular ligament (PTFL) [ 1 ,  2 ]. The ATFL is continu-
ous with the anterior joint capsule and runs from the anterior 
edge of the fi bula lateral to the articular cartilage and inserts 
distal to the articular cartilage of the talar dome [ 1 ]. The 
ATFL is the primary restraint to inversion stress and is ten-
sioned during increased plantar fl exion. The CFL originates 
on the anterior edge of the fi bula distal to ATFL and courses 
posteromedially deep to the peroneal tendons and inserts on 
the calcaneus distal to the subtalar joint. It acts as the pri-
mary lateral collateral ligament, and its strain is greatest in 
inversion and dorsifl exion; the CFL is considered one of the 
principal ligaments providing subtalar joint stability. The 
PTFL runs from the posteromedial aspect of the lateral mal-
leolus to the lateral talar tubercle and is tensioned during 
increased dorsifl exion [ 2 ]. The  subtalar joint  has its own 
ligament system which comprises the interosseous talocalca-
neal ligament which represents the pivot of rotatory stability 
and the cervical ligament which joins the astragalus to the 
lateral aspect of the calcaneus and is the fi rst anterolateral 
stabilizer of the subtalar joint [ 3 ]. The syndesmosis is defi ned 
as the anterior inferior tibiofi bular ligament (AITFL), run-
ning from the Chaput tubercle on the anterior tibia to the 
anterior distal fi bula, the posterior inferior tibiofi bular liga-
ment (PITFL) which lies on the posterior aspect of the tibia 
and inserts on the posterior aspect of the distal fi bula, the 
transverse tibiofi bular ligament lying superior and anterior to 
the PITFL, and the interosseous membrane and ligament [ 4 ]. 

On the medial compartment, the strong deltoid ligament acts 
as a restraint against valgus tilt of the talus, while its deep 
fi bers limit external rotation [ 5 ].  

50.2     Etiology and Injury Mechanism 

 Within sportspeople,  ankle sprains  are the most frequently 
encountered injuries [ 6 ,  7 ]. This is especially true in basket-
ball and soccer, with most of all injuries cited as ankle sprains 
[ 8 ]. It is well established that these injuries can have a con-
siderable effect on athletic training schedules and can even 
interrupt participation in competitive sporting events as well 
as interfere with the simple activities of daily living. The 
most common mechanism of injury in lateral ankle sprains 
occurs with excessive plantar fl exion and inversion of the 
ankle, with damage occurring to the lateral ankle ligamen-
tous complex. Of all ankle sprains, nearly 85 % involve the 
lateral ligamentous complex [ 7 ]. The most commonly injured 
ligament is the anterior talofi bular ligament (ATFL), fol-
lowed by the calcaneofi bular ligament (CFL). Syndesmotic 
injuries are seen with much less frequency (1–18 % of all 
ankle injuries) and may result from rotational injuries or 
forced abduction [ 4 ]. An injury of either the AITFL, PITFL, 
transverse ligament, or interosseous ligament leads to sig-
nifi cant mechanical laxity. 

 Injuries to the medial ligamentous complex are usually 
caused by rotational injuries; different lesion patterns have 
been described: type 1 lesion consisting in a proximal avul-
sion of the deltoid ligament, type 2 in an intermediate tear, 
and type 3 resulting in a distal avulsion of the spring liga-
ment [ 5 ]. Most patients with acute ankle sprains can be suc-
cessfully managed with conservative treatment, such as 
bracing and physical therapy. However, approximately 
15–20 % of patients will remain symptomatic, with the most 
commonly described complaints being ankle weakness, giv-
ing way, pain, and, occasionally, stiffness [ 9 ]. 

  Chronic ankle instability  (CAI) is commonly divided into 
functional and mechanical instability [ 3 ,  10 ]. Functional 
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instability is related to posture defects or tendon and muscle 
adjustment and usually occurs in the presence of propriocep-
tive defi cits, without anatomic incompetence. Several authors 
have reported defi cits in peroneal latency and electrome-
chanical delay defi cits following functional instability [ 11 , 
 12 ]. Mechanical instability is characterized by anatomic 
abnormalities of the ankle and is usually related to  ligamen-
tous laxity  [ 3 ,  10 ]. 

 However, although this is the common classifi cation 
reported in literature, it is not clear how many stages of 
mechanical instability exist. For prognostic purposes, it has 
recently been proposed to assess the severity of mechanical 
instability relying on the involvement of the anatomic struc-
tures of the ankle joint which are affected in this pathologic 
condition. It is important to recognize that subtalar instabil-
ity is present in about 30 % of patients with chronic ankle 
instability. Therefore, it is essential to determine the integrity 
of the CFL both in the clinical setting and during surgery, 
since together with the cervical and the interosseous talocal-
caneal ligament, it is the primary contributor to hindfoot sta-
bility [ 13 ]. For this reason, we suggested to distinguish 
between mild/moderate chronic ankle instability and severe 
chronic ankle instability, based on the involvement of the 
ATFL alone and of both ATFL and CFL [ 14 ]. The amount of 
ligament involved may be assessed through history, MRI 
fi ndings, and clinical and radiographic stress tests.  

50.3     Clinical and Diagnostic Examination 

50.3.1     History and Physical Examination 

 The most common complaint is repeated giving way or 
repeated sprains in the ankle. Often it is accompanied with 
diffi culty walking on uneven ground and sometimes with 
pain. Assessment of symptoms aids in the evaluation of the 
severity of CAI, together with physical examination. 

 Physical examination should include observation (pres-
ence of malalignment, effusion), range of motion (with any 
evidence of anterior or posterior impingement), and laxity 
tests. 

 The anterior drawer test measures ATFL laxity: antero-
posterior displacement is compared between injured and 
uninjured ankles. Similarly, CFL laxity is assessed with the 
talar tilt test by inverting the hindfoot while maintaining 
maximum talocrural dorsifl exion. 

 However, the wide range of values in normal and injured 
ankles makes manual laxity tests inadequate to diagnose 
CAI. A previous study has found that  anterior drawer sign  
has a sensitivity of 50 % and  talar tilt test  of only 36 % [ 15 ]. 
Thus, manual tests are reliable in identifying ankle instabil-
ity, since specifi city of both is 100 % [ 15 ], but they are not 
able to exclude the presence of ligament injury.  

50.3.2     Imaging 

  Stress radiographs  are also helpful for detecting joint insta-
bility. A displacement in the anterior drawer test is consid-
ered abnormal if it is greater than 3–5 mm, while the talar tilt 
test is considered pathologic for a side-to-side difference of 
more than 9°–10°. Increased values of talar tilt displacement 
suggest  subtalar instability  [ 16 ]. However, according to 
some studies, instrumented anterior ankle testing devices 
have been found unreliable in detecting increased ligament 
laxity [ 17 ]. Similar to manual stress tests, also radiographic 
talar tilt and anterior drawer stress tests are not reliable 
enough in the diagnosis of lateral ankle instability [ 18 ], and 
their diagnostic accuracy precludes their routine use [ 17 ]. 

 Magnetic resonance imaging (MRI) and computed 
tomography (CT) scans can provide useful information on 
the integrity of the ATFL, CFL, muscle tendon units, and 
cartilage lesions on the talar dome. However, 2D images in 
most cases of chronic instability do not assess precisely the 
extent of the ligament lesion and do not give information on 
the degree of joint instability [ 19 ].   

50.4     Treatment Strategies 

50.4.1     Conservative Treatment 

 Usually nonoperative management is adopted in the initial 
presentation of ankle instability. It focuses on  proprioceptive 
training  and  peroneal muscle strengthening . Joint taping 
may result in a more neutral ankle position during walking 
and jogging, and therefore this change in foot positioning 
and the mechanical properties of the tape act protectively in 
preventing lateral ankle sprains [ 20 ]. The use of bracing is 
debated for its risks of deconditioning the musculature as 
they are associated with changes in neuromuscular activity 
during walking [ 21 ]. Whenever the patient is unresponsive to 
conservative modalities, surgical repair is recommended to 
alleviate symptoms and resume activity.  

50.4.2     Anatomical Direct Repair 

 The suture of the ATFL has been described by Broström and 
is considered an easy, inexpensive, anatomic, and minimally 
invasive procedure for the treatment of CAI [ 22 ]. It has led to 
promising results in the published literature [ 23 ]. However, 
as shown in the original paper, only the ATFL could be suc-
cessfully repaired with excellent results [ 22 ]. Long-term 
follow-up reported a 16 % failure rate and 21–24 % of 
patients with fair or poor outcome score [ 24 ]. Thus, for 
improving ankle stability, the Gould modifi cation of the 
Broström technique has been introduced [ 25 ]. The Broström 
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portion corrects the ATFL instability of the ankle, while the 
Gould portion reinforces the stabilization and indirectly 
affects subtalar instability. However, this technique can 
hardly be considered strictly “anatomical,” since the rerout-
ing of the extensor retinaculum alters the anatomy of the lat-
eral ligamental complex. Prisk et al. demonstrated that 
neither lateral ligament reconstruction nor anatomic repair 
restores normal contact mechanics of the ankle joint, 
although anatomic graft reconstruction restores more closely 
ankle biomechanics and avoids increased contact areas 
beyond that of the normal ankle as it occurs after the Gould 
modifi cation [ 26 ]. 

 The Gould modifi cation of the  Broström technique , which 
dates back to the 1980s, is nowadays the most widespread 
procedure for the treatment of ankle instability disorders, 
and it is usually referred as the standard. However, no evi-
dence exists supporting its role as a gold standard in the 
treatment of chronic ankle instability. It is certainly a simple, 
inexpensive technique, and its excellent outcomes have been 
supported by many papers. However, patients with previous 
failed ligament reconstruction, who are physically active and 
have a high BMI, or in cases where the ligament is absent or 
attenuated have reported poor outcomes with the use of this 
technique [ 27 ]. 

 In addition, other pathologic features are frequently 
involved within the ankle joint that might not be treated by 
an isolated  Broström-Gould procedure  [ 28 ].  

50.4.3     Tenodesis 

 Since common anatomical reconstruction techniques, such 
as the Broström procedure [ 22 ] and its modifi cation accord-
ing to Gould [ 25 ], may not provide adequate stability and 
lead to recurrence by using the weakened and scarred rem-
nants, external ligament reconstruction techniques have been 
proposed [ 29 – 36 ].  External ligamentoplasty  provides stabil-
ity and reproduces the role of the main ankle stabilizers with-
out having the disadvantages of using the weakened and 
scarred remnants of the ankle ligaments. Secondly these 
techniques allow to address subtalar joint instability brought 
by the CFL lesion. The use of autogenous rerouted tendons 
has the drawback of weaker muscle strength during eversion 
of the ankle. In order to allow the preservation of ankle sta-
bilizing properties of the peroneus brevis muscle which is 
fundamental during early rehabilitation, the use of allogenic 
and synthetic grafts has been proposed [ 33 ,  34 ,  37 ]. Subtalar 
stiffness is a well- known disadvantage of restricting subtalar 
motion and represents the major criticism which is moved to 
these reconstructive procedures. Non-anatomical  tenodesis  
techniques have been criticized for their invasiveness, related 
risks of neurovascular injuries, postoperative subtalar and 
tibiotalar joint stiffness, and altered biomechanics of and 

long-term degenerative joint disease [ 9 ]. For these reasons, 
common indications for non-anatomical procedures include 
patients with severe laxity, those with a previous failed stabi-
lization surgery, those who impose heavy demands on the 
ankle, or those with associated subtalar joint instability. 
Several procedures of anatomical reconstruction of the lat-
eral ligament complex have been recently proposed in order 
to restore the origin and insertion sites of native ligaments 
[ 34 – 36 ]. According to a recent meta-analysis, there is insuf-
fi cient evidence (grade I recommendation) to support one 
form of treatment over the other in the management of 
chronic ankle instability [ 38 ].  

50.4.4     Arthroscopy 

 Reliable arthroscopic procedures for the treatment of CAI 
are required with the current trend of minimally invasive sur-
gery. Among the lateral ankle ligaments, the ATFL is the 
only one which is continuous with the joint capsule and 
therefore is easily accessible during  arthroscopy  [ 1 ]. Various 
reports documented successful outcomes after arthroscopic 
treatment of CAI [ 39 – 45 ]. Oloff et al. [ 39 ] fi rst reported on 
the use of thermal stabilization procedure in the ankle joint 
of 10 patients. At 9 months follow-up, AOFAS score 
improved from 58.3 at baseline to 88.1 at follow-up; anterior 
drawer and talar tilt stress tests were signifi cantly reduced 
compared to preoperative status. Khan and Fanton [ 40 ] 
observed in 23 patients an improvement in the AOFAS score 
from 57.5 preoperatively to 86.5 at follow-up. Similarly, 
Maiotti et al. [ 43 ] reported on 22 patients 2.5–5 years out 
after  thermal ankle shrinkage  reporting 86 % good to excel-
lent results. Radiological anterior drawer sign reduced by 
55 % and talar tilt test by 80 %. Recently it has been reported 
that the arthroscopic resection of the borders of the torn liga-
ment, together with the debridement of the adjacent area and 
the capsular thermal shrinkage followed by immobilization 
produced an effective reduction in capsular volume and 
allows enhanced joint stability [ 45 ]. 

 Several studies advocate an arthroscopic investigation of 
the joint in cases of instability. Apart from treating laxity 
itself, arthroscopy allows better visualization and allows 
diagnosis and treatment of concomitant underlying joint dis-
eases ( synovitis , soft tissue injuries, osseous pathology, or 
degenerative arthritis), and the high incidence of concomi-
tant intra-articular lesions makes arthroscopy essential 
regardless of the repair procedures [ 46 – 48 ]. 

 The complication rate has been found to be 5.7–9 % with 
ankle arthroscopy, with neurologic injury being the most com-
mon occurrence [ 45 ,  49 ]. Damage to a superfi cial branch of 
the peroneal nerve or deep peroneal injury may occur [ 45 ]. To 
try to prevent neurologic injuries, it is important to carefully 
consider neural structures close to the ankle joint capsule. 
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 Arthroscopic repair of the anterior talofi bular ligament 
using a suture anchor has been described previously with 
good results [ 50 – 54 ]. Acevedo and Mangone [ 53 ] reported 
on 24 ankles treated with an arthroscopic lateral ligament 
repair technique after an average follow-up of 10.9 months. 
Subjectively, all subjects reported improvement in ankle 
stability, and no patient underwent revision surgery. Li 
et al. [ 54 ] recommended the use of bone anchors in high-
level athletes as this patient group has a signifi cantly 
greater load and demand on their ankle joints than the 
average population. Thus, they advocated using suture 
anchors with the modifi ed Broström technique, because 
this provides an anatomic, yet structurally strong, result, 
allowing athletes to return to their original sports level. 
However, their fi ndings did not determine how much bio-
mechanical advantage the anchors actually provide. 
Shahrulazua et al. [ 55 ] promoted the use of bioabsorbable 
anchors which avoid potential problems such as migration 
and secondary chondral damage and the potential need for 
implant removal; in addition the use of  bone anchors rep-
resents an advantage since the torn ligament ends are often 
diffi cult to suture. Outcomes following arthroscopic treat-
ment of chronic ankle instability are summarized in 
Table  50.1 .

50.4.5        Combined Procedures 

 Some authors underscore the need of identifying precisely 
the amount of ligaments involved and to provide either ana-
tomical repair or ligament reconstruction according to the 
quality of the ligament remnants. For this reason, hybrid 
techniques have been proposed. 

 Kennedy et al. combined  ATFL reconstruction  with a split 
peroneus longus tendon graft direct anatomical repair and 
plication of the CFL [ 56 ]. Similarly, Peterson et al. suggest 
in patients with signifi cant ligamentous instability, increased 
BMI, or failed primary repair a combination of the Broström- 
Gould repair augmented with a free autogenous split pero-
neus longus tendon graft [ 57 ]. 

 In addition, combined arthroscopic and open procedures 
have been proposed in order to improve the diagnosis and 
management of intra-articular lesions and allow minimally 
invasive reconstruction of the lateral ligament complex [ 58 ]. 
Nery et al. recently described a technique providing 
arthroscopic  debridement of the ATFL  adhesions followed 
by arthroscopic-assisted anchor fi xation of the lateral capsu-
lar and ligament remnants over the anteroinferior aspect of 
the lateral malleolus. Results were satisfying in most patients 
at 10 years follow-up with a 5 % failure rate [ 58 ].   

   Table 50.1    Summary of previous studies reported in literature on arthroscopic procedures for chronic ankle instability   

 Author  Year  Ankles  Mean age  Follow-up  AOFAS score 
 Karlsson 
score 

 Anterior drawer 
stress test 

 Talar tilt 
stress test 

 Oloff et al. [ 39 ]  2000  10  34 (19–53)  9.6 months 
(6–21) 

 Preop: 58.3 (SD: 8.96) 
 Postop: 88.1 (SD: 11.09) 

 N/a  Preop: 8.4 mm 
(SD: 2.61) 
 Postop: 3.6 mm 
(SD: 1.60) 

 Preop: 8.3° 
(SD: 3.81) 
 Postop: 5.5° 
(SD: 2.78) 

 Khan et al. [ 40 ]  2000  23  38.5  1–2.5 years  Preop: 57.5 (47–71) 
 Postop: 86.5 (70–100) 

 N/a  Preop: 8.0 mm 
 Postop: 2.4 mm 

 Preop: 9.1° 
 Postop: 6.7° 

 Berlet et al. [ 41 ]  2002  16  N/a  14.5 months 
(9–20) 

 Preop: 60.2 (36–84) 
 Postop: 88.5 (66–100) 

 N/a  N/a  N/a 

 Hyer et al. [ 42 ]  2004  4  29 (20–32)  6 months  Preop: 26 a  (SD: 11.52) 
 Postop: 51 a  (SD: 10.23) 

 N/a  N/a  N/a 

 Maiotti et al. [ 43 ]  2005  22  18 (16–24)  42 months 
(32–56) 

 N/a  Preop: 52.27 
(SD: 5.28) 
 Postop: 89.27 
(SD: 9.21) 

 Preop: 6.8 mm 
(SD: 0.6) 
 Postop: 3.1 mm 
(SD: 1.2) 

 Preop: 11.2° 
(SD: 1.0) 
 Postop: 4.2° 
(SD: 1.7) 

 Kim et al. [ 52 ]  2011  28  38.6 (22–55)  15.9 months 
(13–25) 

 Preop: 60.78 (SD: 13.38) 
 Postop: 92.48 (SD: 6.14) 

 N/a  Preop: 3.59 mm 
(SD: 0.68) 
 Postop: 0.61 mm 
(SD: 0.75) 

 N/a 

 Ventura et al. [ 45 ]  2012  88  32.4 (17–56)  4.2 years 
(1.1–9) 

 Preop: 63.51 (SD: 8.18) 
 Postop: 92.31 (SD: 6.93) 

 Preop: 61.81 
(SD: 11.07) 
 Postop: 88.44 
(SD: 8.81) 

 N/a  N/a 

 Cottom and Rigby [ 28 ]  2014  40  45.6 (15–83)  12.1 months 
(6–21) 

 Preop: 41.2 (23–64) 
 Postop: 95.4 (84–100) 

 Postop: 93.6 
(82–100) 

 N/a  N/a 

   a Modifi ed AOFAS score on 60 points  
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50.5     Rehabilitation and Return to Play 

  Rehabilitation protocols  following surgical repair usually 
consist of brace immobilization in a neutral position with 
non-weight-bearing for 2–3 weeks. Then peroneal muscle 
strengthening, proprioceptive, and complete ankle range of 
motion (ROM) exercises are started. Immobilization with cast 
or brace and non-weight-bearing are important in order to pre-
vent lengthening of the treated tissue following  arthroscopic 
repair  and to allow the healing and reconstitution process to 
occur unimpeded. Various reports suggest non-weight-bearing 
for 2–3 weeks [ 40 – 43 ,  45 ,  52 ]. de Vries et al. [ 44 ] propose 
the use of a compression bandage only for 3–5 days and early 
weight-bearing 5–7 days postoperatively. Articular stiffness 
may result from prolonged brace immobilization and delayed 
functional rehabilitation program, and there is evidence that 
after surgical reconstruction, early functional rehabilitation 
appears to be superior to 6 weeks immobilization in restor-
ing early function [ 38 ].  Return to sports  is usually permit-
ted 3 months postoperatively. Kim et al. [ 52 ] suggest return 
to straight running and functional activities 8 weeks postop-
eratively, and cutting and sport- specifi c drills are allowed by 
week 12. However, patients should be instructed to avoid pre-
mature return to sport activity that could affect the outcome.     
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      Abbreviation 

   AAI    Anterior ankle impingement   
  AITFL    Anterior inferior tibiofi bular ligament   
  AT    Achilles tendon   
  FHL    Flexor hallucis longus   
  PAI    Posterior ankle impingement   
  PLP    Posterolateral portal   
  PMP    Posteromedial portal   
  PTFL    Posterior talofi bular ligament   

       Ankle impingement is a “collision” between bony or soft tis-
sues and the anterior or posterior aspect of the tibia and/or of 
the talus. It is one of the most common disorders among 
sports population though the real incidence of this pathology 
is not known. While anterior and posterior forms of impinge-
ment are similar regarding etiology (soft or bony impinge-
ment), they are different in many other aspects (location, 
relation to trauma or to overuse, clinical presentation). It is 
therefore necessary to distinguish two clinical forms of 
impingement, anterior and posterior, and to analyze etiology, 
injury mechanism, clinical and diagnostic examination, and 
treatment strategies separately. 

51.1     Anterior Ankle Impingement (AAI) 

51.1.1     Etiology and Classifi cation 

 The fi rst description was given by Morris in 1943 [ 1 ]. In 
1950, McMurray [ 2 ] called this condition “the footballer’s 
ankle” for the frequency of this anatomical lesion in football 
players. O’Donague [ 3 ] described this impingement as a 

result of sports injuries in athletes of many other sports. Over 
the time, other studies have described this pathology in vol-
leyball players, ballet dancers, jumpers, and other athletes. 

 The anatomic feature of the lesions described by these 
authors was the presence of osteophytes on the anterior part 
of the tibia and/or of the talus; the bony spurs were essential 
for the diagnosis of the pathology. In time AAI has become a 
painful syndrome that can be caused by the presence of bony 
spurs or of just hypertrophic synovial tissue (commonly 
called bony or soft tissue impingement [ 4 ]). 

 A classifi cation of AAI may be done on topographic bases. 
The anterior aspect of the ankle is divided into three areas: a 
central area, between the tibialis anterior tendon and the pero-
neus tertius tendon; the lateral area, lateral to the peroneus 
tertius tendon; and the medial area, medial to the tibialis ante-
rior tendon. In the lateral area, soft tissues are frequently the 
cause of impingement, while the central and the anteromedial 
areas are usually sites of bony impingement. 

 Other attempts to classify the AAI are specifi cally related 
to the radiographic aspects of the joint. Scranton and 
McDermott classifi cation [ 5 ] is developed in four degrees 
based on the morphology of spurs: Grade I and Grade II 
describe tibial spurs that are inferior or superior to 3 mm, 
respectively, Grade III presents osteophyte formation also on 
the neck of the talus with an aspect of “kissing osteophytes,” 
and Grade IV describes osteoarthritic changes of the joint 
with secondary osteophytes. 

 Van Dijk et al.’s [ 6 ] classifi cation connects the osteophytes 
to possible joint space narrowing. This classifi cation has four 
degrees, where Grade 0 and Grade 1 represent normal joint 
without joint space narrowing (slight subchondral sclerosis in 
Grade 0 and presence of osteophytes in Grade 1), Grade 2 
represents a joint space narrowing with or without osteo-
phytes, while Grade 3 shows a total or subtotal disappearance 
or arthritic deformation of the joint. This is a classifi cation 
related to the degree of arthritic changes of the joint, but it is of 
great interest for the treatment because the removal of osteoar-
thritic osteophytes has worse prognosis compared to the 
removal of osteophytes without joint space narrowing. 

      Ankle Impingement (Anterior 
and Posterior) 

           Francesco     Lijoi    
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 The cause of pain of an impingement syndrome seems to 
be caused not by the direct confl ict of the bony spurs but by 
the infl amed synovia that is caught between the osteo-
phytes. This hypothesis is supported by some evidence: (a) 
tibial and talar spurs usually do not overlap each other [ 7 ]; 
(b) histological synovial chronic infl ammatory aspects can 
be found in the soft tissue in the proximity of the site of 
impingement [ 8 ]; and (c) anterolateral impingement is a 
painful pathology without the presence of bony 
osteophytes.  

51.1.2     Injury Mechanism 

 Repeated ankle inversion sprains are typical in the clinical 
history of the patient. During the inversion tilt of the talus 
inside the tibiofi bular mortise, soft tissue damages involving 
lateral ligaments are frequent on the lateral side of the joint, 
while bony impaction between the medial side of the talus 
and the anterior border of the medial malleolus can take 
place on the medial side. Medially the repetitive sprains may 
determine impaction-related microtrauma of the chondral 
margin of the talus and of the medial malleolus. Over the 
time an attempt of repair by the fi brocartilage and a second-
ary formation of calcifi cation and hyperostosis can develop, 
leading to an  anteromedial impingement . 

 On the lateral side, the tear of the ligaments and of the 
capsule can cause a hypertrophy and a hyalinization of the 
synovia with possible production of chronic infl amed tissue 
in the anterior aspect of the lateral gutter [ 9 ]. This tissue can 
be entrapped during repetitive movements in dorsal fl exion 
and plantar fl exion producing swelling and pain, the classical 
symptoms of the anterolateral impingement. This pathologi-
cal fi brous tissue can be usually seen in the front of the talus, 
fi bula, and anterolateral tibia ( anterolateral impingement ), 
but sometimes it overlays the entire interosseus ligament of 
the syndesmosis inside the joint. 

 In other patients affected by an anterolateral impinge-
ment, a hard, fi brotic, meniscus-like band can be seen in the 
anterior lateral gutter, stretched between the lateral tibia and 
the anterior edge of the lateral malleolus. This arthroscopic 
fi nding has been defi ned as “meniscoid lesion” and is usually 
accepted as a posttraumatic hyaline tissue. The fi brotic band 
is actually an anatomical structure, the so-called Bassett liga-
ment, a thickened distal fascicle of the anterior inferior tibio-
fi bular ligament (AITFL) [ 10 ] (Fig.  51.1 ). This structure 
does not seem to be an accessory fascicle but a constant part 
of the AITFL and can impinge on the lateral edge of the talus 
for the following reasons [ 11 ]: (a) an increased anterolateral 
laxity with increased anterior extrusion of the talus and (b) a 
more distal insertion of the fascicle on the fi bula, with a more 
vertical location and a possible greater contact of the fi brous 

band on the talus. Abrasion between the fascicle and the 
talus can lead to pain, and at arthroscopic inspection, the 
articular cartilage is generally of poor quality in the area of 
the fascicle contact [ 12 ].  

 In the “classic” AAI, anterior spurs were supposed to be 
traction osteophytes of the anterior capsule due to repetitive 
plantar fl exion movements of the ankle during kicking [ 2 ]. 
The anterior joint capsule attaches actually more proximally 
to the tibia and more distally to the talus compared to the 
location of the spurs, and arthroscopy of the ankle allows to 
clearly inspect and to remove them without opening the cap-
sule. It has been demonstrated through an experimental study 
[ 13 ] that in football players, the impaction-related micro-
trauma due to the repetitive ball impacts on the anterior 
aspect of the ankle can lead to the formation of hyperostosis 
in the distal tibia and in the talus through the cascade of 

  Fig. 51.1    The “Bassett ligament,” also named “meniscoid lesion,” is a 
type of anterolateral fi brous impingement. It is caused by an accessory 
fascicle of AITFL that has sometimes a vertical direction for a more 
distal insertion on the fi bula       
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events described above for the pathogenesis of anteromedial 
impingement (fi brocartilage and secondary formation of 
 calcifi cation and hyperostosis).  

51.1.3     Clinical and Diagnostic Examination 

 The symptoms of an AAI are usually a chronic anterior ankle 
pain and some kind of swelling after sports activity with a 
history of recurrent ankle sprains. Many times a slightly lim-
ited dorsal fl exion can be detected. Anterolateral, anterior, or 
anteromedial impingement can be distinguished according to 
the site of the pain during activities and on palpation during 
physical examination. 

 The radiographic examination is essential for the diagno-
sis of the bony impingement. In the classic anterior impinge-
ment (the “footballer’s ankle”), a lateral view of the ankle 
can detect the presence of hyperostosis of the anterior profi le 

of the distal tibia and/or of the anterior border of the talar 
dome: the spurs can pinch the synovia during dorsifl exion 
and provoke pain and swelling (Fig.  51.2 ).  

 In anteromedial impingement, the presence of hyperostosis 
on the anterior aspect of the medial malleolus and on the medial 
border of the talus can be undetected on standard radiographs 
because of the prominence of the anterior border of the distal 
tibia and of the dorsal profi le of the neck of the talus. Van Dijk 
et al. [ 14 ] described an anteromedial radiographic oblique view 
(described in Fig.  51.3 ) that can detect the anteromedial hyper-
ostosis and allow the correct diagnosis.  

 Anterolateral impingement cannot be detected with 
radiographs as it is a soft tissue impingement. The diagno-
sis is done on clinical data: in a recent paper [ 15 ], the 
 effi cacy of conventional MRI in detecting soft tissue abnor-
malities in anterolateral gutter remains controversial, with 
a wide range of sensitivities (39–100 %) and specifi cities 
(50–100 %).  

  Fig. 51.2    “Classical” anterior 
ankle impingement. Presence of 
an anterior tibial spur seen on a 
radiographic lateral view and 
during an anterior arthroscopy 
(“the footballer’s ankle”)       
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51.1.4     Treatment Strategy 

 Pain in anterior ankle impingement seems to be due to the 
entrapment of the synovial tissue during the movements of 
the ankle, mainly in dorsal fl exion. The presence of hyperos-
tosis can reduce the anterior articular space and may facili-
tate this pathologic mechanism. Arthroscopy is theoretically 
the most useful tool to remove bony spurs and the synovial 
pathological tissue having fewer possibilities to create hyper-
trophic scars that might be painful again. 

 Anterior arthroscopy is not a trivial kind of surgery: accu-
racy is essential in positioning the patient, in performing the 
sites of entry portals, and in exchanging the arthroscope and 
instruments for the treatment of different types of impinge-

ment. Without dealing with the general technique of anterior 
ankle arthroscopy, we would like to emphasize some specifi c 
tips to consider in the treatment of an AAI. 

  Position of the patient : the patient must be supine, with 
the foot on the border of the table in order to be able to per-
form passively dorsal or plantar fl exion during surgery. The 
foot must be exactly vertical on the plane of the table, and the 
operated leg must be slightly elevated compared to the other 
one to allow comfortable maneuvers of the instruments. 

  Sites of the portals : anteromedial portal is performed 
near the medial border of the tibialis tendon with the ankle 
in full dorsal fl exion. A more medial site may create diffi -
culties in viewing the lateral malleolus in case of lateral 
ossicles or peroneal hyperostosis for the convexity of the 
talar dome. The lateral portal is identifi ed by the scope with 
a needle, on the lateral edge of the peroneus tertius muscle, 
avoiding the superfi cial peroneal nerve by dissecting the 
subcutaneous layer with a mosquito clamp. Also this portal 
must be performed as “central” as possible to allow a com-
fortable position of the instruments to work on the medial 
malleolus if it were required. If an anterolateral soft tissue 
impingement is suspected, it is recommended to locate this 
portal exactly at the joint level; to address a pathology of the 
medial malleolus, it is more useful to locate the anterolateral 
portal slightly more proximal in order to view more easily 
the malleolus [ 16 ]. 

  Scope and instruments : after a routine exploration of the 
joint and the confi rmation of the type of pathology, the por-
tals must be used according to the pathology to treat. In 
anteromedial impingement, medial ossicles, hyperostosis of 
medial malleolus and of the neck of the talus, the medial 
portal is the working portal while the arthroscope is shifted 
in the anterolateral portal. In lateral pathology (anterolateral 
soft tissue impingement, removal of peroneal ossicles or 
osteophytes), instruments must be kept in the lateral portal. 
To remove an anterior bony impingement (tibial and/or 
talar), scope and instruments can be interchanged to address 
the spurs conveniently. It is not always clear how much bone 
must be resected to treat the bony impingement: tibial hyper-
ostosis must be identifi ed proximally to fully defi ne the ana-
tomic shape of the anterior tibia. In this way the proximal 
limit of the bony spur can be clearly addressed with a burr, 
performing the debridement in a proximal-distal direction. 
For the talar spurs, the distal base of implant of the spur must 
be identifi ed to make a distal-proximal resection.   

51.2     Posterior Ankle Impingement 

51.2.1     Etiology and Classifi cation 

 Posterior ankle impingement (PAI) is a painful syndrome in 
the posterior aspect of the ankle, and it is a mechanical con-
fl ict that arises in forced plantar fl exion. 

30°

45°45°

  Fig. 51.3    The radiographic oblique view to detect an anteromedial 
bony impingement. The leg is positioned in 30° of external rotation; the 
radiographic beam is 45° oblique on the longitudinal axis of the leg, 
perpendicular to the radiographic fi lm, centered on the ankle       
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 The talus extends posteriorly with a bony process that 
can cross laterally the midline in case of hypertrophy: it is 
called the posterolateral process, and in about 7 % of the 
adult population, it appears as a distinct accessory bone for 
a failed union of this ossifi cation center [ 17 ]. This center is 
normally separated from the ossifi cation center of the body 
of the talus until 8–10 years of life. In adults this distinct 
ossicle, if present, is called os trigonum, and it is usually 
linked to the talus through a fi brous synchondrosis. 
Medially to the posterolateral process, there is another 
smaller bony prominence of the talus, the medial tubercle: 
between these two bony prominences, there is a sulcus that 
is transformed in an osteofi brotic channel by a fi brous reti-
naculum that takes insertion on the tip of the two tubercles. 
The fl exor hallucis longus (FHL), the most posterior of the 
posteromedial tendons, slides in this channel. At this level 
the channel acts as a pulley where the FHL changes its 
direction of sliding, from vertical to nearly horizontal: this 
is a point of weakness of the tendon, and pathologies that 
can involve the posterolateral talar process (or the os trigo-
num, if present) can also involve the tendon itself and cause 
a FHL tendinitis. The posterolateral process also gives 
insertion to the posterior talofi bular ligament (PTFL), the 
strong and most posterior ligament of the lateral ligamen-
tous complex of the ankle. This ligament is lax in plantar 
fl exion and taut in maximal dorsal fl exion, and for this rea-
son, it can detach the process (or the os trigonum) from the 
talus during forced and sudden movements.  

51.2.2     Injury Mechanism 

 PAI can be caused by trauma or overuse, and it has been 
typically associated with ballet dancers for the frequent “en 
pointe” or “demi-pointe” position assumed by these ath-
letes. However, any sport that requires or any trauma that 
provokes forced plantar fl exion or more rarely forced dor-
sal fl exion can determine this syndrome. Running (espe-
cially downhill running), soccer, basketball, volleyball, and 
jumping (high, long, and triple jump) are the sports more 
frequently involved in this kind of pathology. Rarely the 
detachment of the posterior bony process can be caused by 
a sudden traction of the PTFL during a trauma in forced 
dorsal fl exion. More frequently a forced plantar fl exion of 
the ankle, sometimes in association with supination or pro-
nation of the hindfoot, provokes a crush of the os trigonum 
or of the posterolateral process between the posteroinferior 
edge of the tibia and the calcaneus. The mechanism of this 
crush has been compared to a nut (the os trigonum) in a 
nutcracker (tibia and calcaneus). This kind of trauma can 
be acute and can determine the fracture of the posterior 
talar process or the sudden mobilization of the os trigonum. 
Other times the trauma can be repetitive during a long 
period of time and can cause an overuse syndrome. This 

different etiology is not academic, but it is of practical 
interest because of better prognosis of PAI in overuse syn-
dromes compared to traumatic cases [ 18 ]. The presence of 
the os trigonum or of a hypertrophic posterolateral process 
is neither suffi cient nor essential to determine this syn-
drome. If the bony process or the ossicle is present, they are 
not suffi cient to determine the pain syndrome: sometimes 
the pain is caused only by the traumatic event or by efforts 
beyond the anatomical limit. In other patients the painful 
syndrome is caused by a soft tissue impingement: a thick-
ened joint capsule, a rupture of the PTFL, and a bump of 
hypertrophic tissue may cause a PAI syndrome without 
bony prominence.  

51.2.3     Clinical and Diagnostic Examination 

    PAI may be suspected in a patient who complains of poste-
rior ankle pain and who plays sports that cause pronounced 
plantar fl exion or have caused a sudden trauma in hyper dor-
sal fl exion or hyper-plantar fl exion of the ankle. 

 The typical clinical objective signs are:
•     Painful deep palpation  of the posterolateral area between 

the lateral malleolus and the lateral border of Achilles 
tendon at the height of the ankle: the patient recognizes 
this type of pain as his typical pain. Pain on palpation of 
the posteromedial area is less diagnostic because it may 
be due to the pathology of the neurovascular bundle or to 
the fl exor tendons.  

•   Positivity of the passive  forced plantar fl exion test : quick, 
repetitive, passive hyperfl exion movements in neutral 
rotation or sometimes in external or internal rotation of 
the foot relative to the tibia determine a sudden pain in the 
posterior aspect of the ankle.  

•   The passive forced plantar fl exion test becomes negative 
after an infi ltration of 4–5 cc of anesthetic performed 
from the posterolateral side to the posterior joint capsule 
( positive xilo-test ).    
 Imaging may be diagnostic in the presence of bony 

impingement: AP view is generally normal, while the lat-
eral view may show the presence of an os trigonum, a 
hypertrophic posterior talar process, a fracture, or a non-
union of it in case of trauma (Fig.  51.4 ). Sometimes the 
bony protrusion may be “hidden” because of the superim-
position on the body of the talus. This generally occurs for 
the tendency of the posterior talar process to cross laterally 
the midline; a lateral view with the ankle in about 25° of 
external rotation can discover the bony spur. In diffi cult 
diagnosis or in posttraumatic cases, a CT scan can be useful 
to localize and correctly diagnose the type of the lesion 
(fracture, nonunion, os trigonum). In soft tissue PAI, the 
diagnosis is only clinical and arthroscopy may be the only 
tool to confi rm the pathology.   
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51.2.4     Treatment Strategy 

 Until the 2000s, operative treatment of PAI was performed 
by open surgery. Arthroscopy of the posterior aspect of the 
ankle was considered dangerous due to the presence of the 
posteromedial neurovascular bundle and the high possibility 
to create lesions during the introduction of instruments 
through the posteromedial portal. Van Dijk et al. [ 19 ] 
described a novel arthroscopic technique to address posterior 
ankle pathology, and Lijoi and al. [ 20 ] confi rmed the safety 
and reproducibility of the technique by anatomical studies. 
Arthroscopic technique offers obvious advantages over open 
technique due to the precision of the surgical act, absence of 
immobilization, reduction of the time of recovery, and fewer 
risks of infections and of painful scars [ 21 ]. 

 Posterior ankle arthroscopy is a demanding technique that 
requires arthroscopic skill and good knowledge of posterior 
ankle anatomy. This technique has been described by the 
authors [ 16 ,  19 ], and we would like to underline only some 
specifi c aspects of the technique. 

  Position of the patient : the patient is in prone position, 
with the foot outstanding the edge of the table and 
 perpendicular to the fl oor. The ankle must be free to be dor-
sifl exed or plantar fl exed. 

  Sites of the portals : they are two, the posterolateral portal 
(PLP) and the posteromedial portal (PMP), on the lateral 
edge and on the medial edge of the profi le of AT,  respectively. 
The PLP is the reference for the height of the portals: PLP is 
drawn in the angle delimited from the line of the lateral pro-
fi le of the AT and the line drawn parallel to the lateral border 
of the foot, with the ankle at 90°, tangential to the tip of the 
lateral malleolus. At the same height, on the medial edge of 
the AT, the PMP is drawn without any reference with the 
medial malleolus. 

  Scope and instruments : after the incision only of the skin, 
a blunt dissection of the underling tissues is carried out with 
a mosquito clamp. The scope is introduced trough the PLP 
toward the posterior aspect of the talus, in a direction toward 
the second ray of the forefoot, touching the bone. Through 
the PMP the mosquito clamp is introduced horizontally com-
pared to the axis of the foot. It bluntly dissects the tissue in 
front of the AT, touching the shaft of the scope on the lateral 
side of the AT, and then it slides on the shaft to the posterior 
aspect of the ankle (Fig.  51.5 ). In the same way, every instru-
ment must be introduced. Van Dijk’s fi rst streategy is to go 
around the neurovascular bundle. The second strategy is to 
visualize the FHL and to work always lateral to it with the 
instruments: this tendon is always posterior and lateral to the 

a b

  Fig. 51.4    ( a ) Lateral view of a posterior ankle impingement: presence of an os trigonum. ( b ) TC view showing the posterior process ( square ), the 
medial process ( star ), and the os trigonum ( circle )       
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tibialis posterior nerve, the structure of the bundle more 
close to the instruments [ 20 ]. In this way it is possible to 
work without any risk of dangers on the bundle.   

51.2.5     Rehabilitation and Return to Play 

 After anterior or posterior ankle arthroscopy for the treat-
ment of an impingement, we do not usually immobilize the 
ankle: only a compressive bandage is applied for 5–6 days, 
and the patient is invited to start active and passive mobiliza-
tion to regain the maximum range of motion. The patient is 
instructed to take especially care of exercises in dorsal fl ex-
ion of the ankle: this is the arch of movement that is limited 
before surgery in AAI, while it can be restricted for post-op 
scars after a posterior ankle arthroscopy. Weight bearing on 
crutches for 6–8 days is allowed if no chondral major treat-
ment has been performed. After the fi rst 10–15 days, reha-
bilitation is advised possibly with the use of a swimming 
pool, especially in the athletes: exercises are progressively 

increased without patient discomfort, until reaching normal 
range of motion and muscle strength. The last steps are 
recovery of good proprioception, correction of incorrect 
sports gestures, and sport-specifi c training. 

 The prognosis of anterior ankle impingement relates to 
some factors. The degree of osteoarthritis is the fi rst 
 prognostic factor to be taken into account, especially in ante-
rior bony impingement: grade 0 and grade 1 according to 
Van Dijk’s classifi cation have good to excellent results in 
83 % at long follow-up (100 % in grade 0), while good to 
excellent results were only 53 % in grade 2 (space narrow-
ing) [ 22 ]. The presence of syndesmotic lesions and cartilage 
lesions and recurrence of inversion traumas are also bad 
prognostic factors in all other types of anterior impingement 
[ 23 ,  24 ]. On the other side, size and location of the hyperos-
tosis are not related to the outcome and pain score [ 25 ]. 

 In posterior ankle impingement, the overuse impingement 
has better scores at follow-up; patients’ satisfaction is higher, 
and the return to work and sports activities results quicker 
than in posttraumatic cases [ 26 ].      

  Fig. 51.5    The arthroscope and the instruments during a posterior 
arthroscopy of a right ankle. The trocar of the arthroscope is introduced 
through the posterolateral portal following the imaginary direction 
toward the second ray of the forefoot. A mosquito clamp is introduced 

in the posteromedial portal in a horizontal direction. It bluntly dissects 
the tissues in front of the Achilles tendon, until it touches the shaft of 
the trocar on the lateral side of the tendon, and then it slides on it to the 
posterior area of the ankle       
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52.1             Defi nition 

 Osteochondral lesion (OCL) of the ankle joint is an injury 
involving the chondral layer and, secondarily, the subchon-
dral bone. It is usually localized on the talar dome, less fre-
quently on the tibial plafond [ 1 ,  2 ]. 

52.1.1     Etiology 

 Ankle OCLs are usually traumatic in origin, mostly subse-
quent to ankle sprains or repetitive microtraumas [ 1 ]. 
Chondral lesions are present in 50 % of the acute ankle 
sprains and may be traced in 23 % of the lateral chronic 
instability of the ankle, causing persisting pain even after 
ligament reconstruction [ 3 ,  4 ]. Regarding the location, lat-
eral lesions recognize a traumatic etiology in 93–98 % of the 
cases, whereas medial defects reported an ankle injury in 
only 60–71 % [ 1 ]. In a recent work by Orr, OCLs were 
centro- lateral (49 %) or centro-medial (33 %): specifi cally, 
the centro-lateral lesions were sent to surgery more fre-
quently than the medial ones, which, nevertheless, tended to 
be larger [ 5 ]. The nontraumatic etiology can be confi rmed 
for a small amount of cases, which have been addressed to 
various (weak) hypotheses as, for example, embolic, heredi-
tary, endocrine, and idiopathic [ 6 ,  7 ].  

52.1.2     Injury Mechanism and Natural History 

 Traumas causing lateral OCLs are ankle inversion or 
inversion- dorsifl exion [ 1 ,  8 ]. As described by Berndt-Hardy, 
the forced inversion causes the talar dome to impact on fi bu-
lar surface, damaging the articular surface through a shear-
ing force. In this case, the lesion looks superfi cial and oval 
[ 1 ,  8 ]. Medial OCL is less correlated to traumas; neverthe-
less, a combined torsional impaction and axial loading (plan-
tar fl exion, anterior displacement, and internal rotation of the 
talus on tibia during inversion) is the advocated preponderant 
etiology. It usually appears deeper than the lateral one and is 
described as cup shaped [ 8 ]. The most affected areas are the 
centro-medial and centro-lateral, with the last localization 
seriously injured by the rotational forces. So, the centro- 
lateral lesions are more prone to a surgical treatment, despite 
the lower surface involved [ 5 ]. 

 The OCL may be limited to the chondral tissue, or it 
may involve the subchondral bone or, after intense traumas, 
may even isolate a loose body [ 1 ]. From a histological per-
spective, after the impact, the chondral layer is found to be 
softened, with a signifi cant chondrocyte apoptosis and 
matrix degeneration. The hyaline cartilage is progressively 
replaced by fi brocartilage during the healing process. The 
subchondral bone is strongly reshaped by an increased 
osteoclastic activity, with an ultimate bone stock loss [ 9 ]. 
The presence of bone bruise is a signifi cant prognostic fac-
tor of chondral damage, causing cartilage irregularities, 
chondrocyte apoptosis, and matrix degeneration [ 10 ]. 
Classically, OCL may evolve to osteoarthritis and, when 
symptomatic and large defects are found, should be 
addressed to surgery in order to avoid progression [ 6 – 8 ]. 
The work by Guettler highlighted that not only OCL pro-
vides a local osteochondral disruption but alters the biome-
chanics of the surrounding cartilage as well, predisposing 
to arthritis [ 11 ]. In a work by Choi, in line with the classical 
theory of Berndt-Hardy, a critical size defect was traced at 
150 mm 2  OCL, with good healing for defects with lower 
area [ 4 ,  8 ].   
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52.2     Clinical and Diagnostic Examination 

 Acute OCLs are frequently reported by young patients follow-
ing a major trauma or ankle sprain during sport activity [ 1 ,  7 , 
 12 ]. Swelling, pain, and symptoms related to lateral ligament 
lesions may be present. Locking, or catching, is associated with 
displaced fragments. Pain and limited range of motion (ROM) 
usually persist over 4–6 weeks after the acute event [ 1 ,  8 ,  12 ]. 

 Chronic OCL most frequent symptom is a mild, continu-
ous pain, mostly associated with physical activity [ 1 ,  8 ,  12 ]. 
Asymptomatic cases are not uncommon. Walking on uneven 
ground may increase the symptoms. Swelling, stiffness, 
weakness, and reduced ROM may be present, mostly in 
degenerated OCL. Patients may complain for the inability to 
load on the joint and, in case of loose bodies, for catching, 
locking, or clicking [ 1 ,  8 ,  12 ]. 

 Palpation often evokes tenderness on posterior-medial or 
anterior-lateral areas of the talus [ 1 ,  8 ,  12 ]. The range of 
motion may be limited in half of the cases. Limpness, or 
antalgic gait, is relatively common. Anterior drawer and talar 
tilt test should be performed as sprains usually underlie 
OCL. Other tendon, vascular, and neurological pathologies 
should be ruled out (   Table  52.1 ).

   Routine X-ray is the fi rst-line diagnostic tool also in order 
to rule out a fracture in acute cases [ 13 ]. Nevertheless, apart 
large lesions, OCL can easily be undiagnosed [ 14 ]. 

 CT is valuable for the detection of subchondral bone inju-
ries: it may clearly detect the size, shape, and extent of the 
localization (Fig.  52.1 ) [ 15 ].  

 MRI is the gold standard for OCL diagnosis, providing 
information about bone bruise, cartilage status, and soft tis-
sues [ 15 ]. The sensitivity of MRI is high when correlated to 
arthroscopic fi ndings (81–83 % or even higher) [ 16 ]. The 
most frequent features compatible with OCL are decreased 
signal intensity on T1-weighted images and increased 
intensity on T2-weighted images. In case of incomplete 

separation of the fragment, T2-weighted images may be 
confusing due to a high signal, with lower percentage of cor-
relation with arthroscopic fi ndings (55.6 %). In this case, the 
cartilage break discriminates (Fig.  52.2 ) [ 16 ].   

   Table 52.1    OCL classifi cation according to Giannini divides the 
lesions into acute and chronic ones   

  Acute  
  Surface    Extension    Treatment  

 Type I  Damaged  <1 cm 2   Debridement 
 Type II  Damaged  >1 cm 2   Fixation 
  Chronic  

  Surface    Extension    Treatment  
 Type 0  Intact  Any  Retrograde Drilling 
 Type I  Damaged  <1.5 cm 2   Microfractures 
 Type II  Damaged  >1.5 cm 2   Cartilage Replacement 
 Type IIA  Damaged  >1.5 cm 2  >5 mm  CR+Bone Graft 
 Type III  Damaged  Anatomy disruption  Massive Graft 

  The area and the depth of the OCL are taken into account. For every 
kind of lesion, the most suitable treatment is suggested  

  Fig. 52.1    Coronal view of a CT scan performed for OCL preoperative 
evaluation. CT scan is very useful to improve subchondral bone 
visualization       

  Fig. 52.2    Coronal view of MRI scan performed for chronic medial 
OCL. MRI is the best diagnostic tool, as it can visualize the cartilage 
and the subchondral bone as well as other soft tissue as ligaments       
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52.3     Treatment Strategy 

 No widely shared guidelines exist for OCL treatment [ 14 ,  17 , 
 18 ]. A valid classifi cation, focused on arthroscopic/MRI fi nd-
ings and corresponding treatments, considering the area and 
the depth of the lesions as well, was made by Giannini [ 19 ]. 

52.3.1     Acute Lesions 

 Conservative treatment is not successful in acute lesions, 
requiring arthroscopic procedures. Debridement and frag-
ment excision are advised in case of acute lesions with 
fragment’s dimensions inferior to 1 cm [ 19 ,  20 ]. Fragment 
fi xation is performed in case of larger OCL using biore-
sorbable screws: good long-term results are achieved 
thanks to an effective vascular restoration [ 21 ]. Excision 
for larger fragment can dramatically raise osteoarthritis 
rates at long-term follow-up [ 20 ]. Recently osteochondral 
autografts have been adopted, with good results even in 
acute lesions [ 21 ].  

52.3.2     Chronic Lesions 

52.3.2.1     Conservative Treatment 
 The aim of conservative treatment is unloading the osteo-
chondral layer, preventing the necrosis, and resolving the 
bone edema. To date, it should be reserved to small lesions 
with no fragment isolation in almost-asymptomatic 
patients [ 14 ,  17 ,  22 ]. In these cases, 45 % of the patients 
may benefi t from a conservative approach. A possible ben-
efi cial approach in athletes may consist in rest, with sport 
activity restriction, and even a limited period of non-
weight-bearing, lasting only a few weeks, according to the 
gravity of the lesion. In a work by Mei-Dan, hyaluronate 
and platelet-rich plasma (PRP) were injected intra-articu-
larly in OCL, improving the clinical outcomes, with long-
lasting results for PRP (at least 6 months) [ 23 ]. 
Intra-articular injections may be functional in athletes to 
delay the surgical treatment even in symptomatic lesions 
with no fragment isolation.  

52.3.2.2     Retrograde Drilling 
 Retrograde drilling is mostly effective in lesions 0 according 
to Giannini’s classifi cation, with modest subchondral bone 
involvement and chondral layer continuity and viability [ 19 ]. 
The rationale consists in a stimulation of the repair depend-
ing on subchondral bone marrow cells [ 19 ,  24 ,  25 ]. The 
approach is made through sinus tarsi, drilling the subchon-
dral bone without damaging the articular surfaces. An autol-
ogous calcaneal bone graft is then performed. Retrograde 
drilling may avoid the necrotic effect of the anterograde 

approach, preserving the chondral tissue [ 25 ]. Good results 
were reached in case of viable cartilage; nevertheless, it has 
been applied even in revision surgery [ 25 ].  

52.3.2.3     Microfractures 
 Widely diffused microfractures are effective in OCL inferior 
to 1.5 cm 2  [ 6 ,  7 ,  19 ,  26 ]. The technique can be easily per-
formed arthroscopically, penetrating the subchondral bone 
every 3–4 mm, using an awl [ 26 ]. Thanks to bone marrow 
stimulation, this procedure allows a good and rapid restora-
tion of the osteochondral layer, but it generates fi brocarti-
lage, with lower biomechanical properties and durability 
[ 14 ,  24 ]. Good clinical outcomes were reported by many 
authors, but medial lesions and larger and deep OCL tended 
to worsen over the time [ 26 ,  27 ].  

52.3.2.4     Mosaicplasty 
 Osteochondral plugs, obtained from non-weight-bearing 
areas of the knee and, possibly, ankle, are implanted to 
restore the proper osteochondral layer [ 22 ,  24 ,  28 ]. This pro-
cedure often requires a malleolar osteotomy to improve the 
exposure. In the report by Hangody [ 22 ], the best OCL to 
treat is defi ned as approximately 10 mm large, positioned on 
the medial or lateral dome (not the central part of the talus), 
in a non-arthritic ankle. Clinical and bioptic results were 
promising, achieving remarkable outcomes even in athletes 
(63 % of the patients came back to sport activity at the same 
level, only 9 % gave up sport), with a slight deterioration 
over time, at around 10 years from the surgical procedure 
[ 28 ]. Nevertheless, mosaicplasty faces some drawbacks. 
First, it is a technical demanding technique, which includes a 
donor-site morbidity. Between osteochondral plugs, fi bro-
cartilage is frequently found; moreover, not all lesions are 
successfully treated due to challenging locations (Fig.  52.3 ) 
[ 22 ,  24 ,  28 ].   

52.3.2.5     Autologous Chondrocyte Implantation 
 Autologous chondrocyte implantation (ACI) has been inten-
sively applied for OCL of the ankle, with successful clinical 
outcomes (90 %) [ 18 ]. Although no clear superiority has 
been established, ACI is considered the gold standard in 
regenerative procedures [ 18 ,  19 ]. The fi rst-generation proce-
dure was technically demanding, requiring an open-fi eld 
approach, a malleolar osteotomy, and a periosteal fl ap suture 
[ 18 ,  29 ]. The second-generation procedure was performed 
arthroscopically, thanks to the development of specifi c 
instrumentation and scaffold [ 29 ]. Arthroscopic technique is 
performed with a two-step approach, with a fi rst arthroscopy 
to debride the lesion and harvest the autologous chondro-
cytes doomed to expansion. A source of viable chondrocytes 
is the osteochondral fragment, the area around the OCL, or 
even a non-weight-bearing area of the knee [ 29 ,  30 ]. After 
the fi rst arthroscopy, the chondrocytes are expanded in 
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 culture and seeded on a hyaluronate membrane. After 3 
weeks, the second step takes place, and the biomaterial is 
arthroscopically implanted onto the lesion. The hyaline 
regeneration was confi rmed by histological and radiological 
outcomes [ 29 ,  30 ].  

52.3.2.6     Bone Marrow-Derived Cell 
Transplantation 

 Bone marrow-derived cell transplantation (BMDCT) is a 
regenerative technique for bony and chondral layer, based on 
mesenchymal stem cells [ 19 ,  24 ,  31 ]. This technique may be 
performed in one step, in a same surgical session, or with 
more steps, with cells culture and enrichment: good results 
were achieved also in degenerated joints [ 19 ,  24 ,  31 ]. In the 
one-step technique, the cells are harvested from the iliac 
crest using a bone marrow needle. During the concentration, 
a standard arthroscopy of the ankle is performed; the joint 
and the defect is debrided. The cell concentrate is loaded on 
a collagen (or hyaluronate) membrane and then implanted in 
the joint using a specifi c instrumentation [ 31 ]. Then, a layer 
of platelet-rich fi brin (PRF) is sprayed on the biomaterial, to 
improve growth and differentiation and stability of the 
implant. Clinical results at medium-term follow-up are 
encouraging, with excellent outcomes even in athletes. 
Hyaline cartilage regeneration has been appreciated in biop-
tic samples and MRI qualitative scans [ 19 ,  31 ].  

52.3.2.7     Allograft 
 Ankle allograft is a biological reconstruction, which should be 
reserved to high degenerated joints: it can be partial or total 
[ 19 ,  24 ]. Ankle may be approached laterally or anteriorly, with 
a fi xation of both the articular surfaces using articular pins. 
The clinical and radiological outcomes are encouraging, and 
there is evidence of hyaline cartilage presence and coloniza-
tion of host cells [ 19 ,  24 ]. Nevertheless, the indications of this 
procedure are selective and encompass young, active people 
with disrupted anatomy of the ankle [ 19 ].    

52.4     Rehabilitation and Return to Play 

 Very few evidences about rehabilitation and return to play 
exist in literature, and many confounding factors may vary 
the outcomes [ 32 ]. Youth, small lesions, and lower BMI have 
been advocated as positive prognostic factors in a precocious 
sport comeback [ 32 ]. Nowadays, the two key points in carti-
lage rehabilitation are continuous passive motion, which 
may provide a good chondral nutrition, and careful weight- 
bearing, which may avoid the deleterious effects of overload-
ing. Positive results may be achieved, thanks to pulse 
electromagnetic fi elds, bisphosphonates, or injective therapy 
with hyaluronate or platelet-rich plasma [ 23 ,  32 ]. A person-
alized program should always be recommended in athletes. 

52.4.1     Fragment Fixation 

 A posterior splint or cast is advised in the fi rst 2 weeks, then 
a passive continuous motion is recommended, and a partial 
weight-bearing, possibly with ankle in brace, is allowed not 
before 4 weeks [ 21 ].  

52.4.2     Drilling 

 Active movements are encouraged since the day after sur-
gery, while weight-bearing is proscribed for 6 weeks [ 25 ].  

52.4.3     Microfractures 

 Rehabilitation after microfractures requires non-weight- 
bearing in ankle brace for 3 weeks. A progressive weight- 
bearing is then allowed, promoting exercises for proprioception 
and range of motion. Return to sport was advised not before 12 
weeks [ 26 ]. In a work by Lee, early or delayed weight-bearing 

  Fig. 52.3    Intraoperative arthroscopic images during BMDCT. This 
procedure can be performed using an arthroscopic one-step technique. 
First, the lesion is debrided, reaching a healthy subchondral bone. Then 
the biomaterial, a collagen membrane loaded with autologous mesen-

chymal stem cells, is implanted. Then a layer of PRF is sprayed on the 
biomaterial, to improve the stability of the implant and the cell differen-
tiation and growth       
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(after 1 week or 6 weeks) after microfractures for OCL did not 
infl uence the fi nal outcome [ 33 ].  

52.4.4     Mosaicplasty 

 Continuous passive motion is allowed the day after surgery, 
but the ankle is kept non-weight-bearing for 3 weeks 
(6 weeks in case of osteotomy), which is necessary for graft 
incorporation [ 22 ,  28 ]. A progressive, partial weight-bearing 
is allowed. After 6 weeks complete weight-bearing is 
allowed, and athletic activities can be started after 6 months 
after surgery [ 22 ,  28 ].  

52.4.5     ACI and BMDCT 

 Regenerative techniques require a specifi c timetable for 
rehabilitation, due to biological properties of the implanted 
cells [ 34 ]. For a large division and initial incorporation, 
chondrocytes require 6 weeks. Between 3 and 6 months, a 
primitive extracellular matrix is produced [ 19 ,  24 ,  34 ]. 
After 6 months, a progressive integration of the biomaterial 
with the subchondral bone occurs. Remodeling and matura-
tion continue for 2–3 years [ 34 ]. The rehabilitation proto-
col for regenerative techniques should take into account 
this process, resulting in a mix of continuous passive 
motion, progressive weight-bearing, and muscular strength-
ening. Personalized schemes should be encouraged, but 
they have to share a precise program. The day after surgery, 
continuous passive motion is advised, and a Walker ankle 
brace is applied [ 34 ]. The period of non-weight-bearing 
lasts about 6 weeks; then a period of partial, progressive 
weight-bearing of 2 weeks follows. After 4 months from 
surgery, low-impact sport activities (swimming, cycling, 
etc.) can be safely performed. A progressive return to run-
ning and high-impact sport activities is not allowed before 
10 months.   

    Conclusions 

 Athletes required effective treatments for OCL, with a 
rapid sport comeback. This aim is quite diffi cult to be 
achieved, as a good restoration of qualitative and durable 
hyaline cartilage can be achieved only through regenera-
tive techniques. These procedures, due to biological rea-
sons, need longer time to heal. Although clear guidelines 
for OCL in athletes do not exist, conservative treatment 
should be proposed only in very small, not painful 
OCL. Debridement in small acute OCL and fi xation in 
larger defects are two effective procedures. Microfractures 
could be advised in symptomatic, small chronic OCL 
(1.5–2 cm 2 ). Larger chronic lesions may pose a serious 
challenge: microfractures may not achieve satisfying 

results. If regenerative techniques are suggested, athletes 
should be clearly warned of the longer times needed for 
rehabilitation after such procedures.     
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53.1             Background 

 Ankle bears load forces per cm 2  superior to other joints. 
Despite undergoing trauma more frequently than any other 
district, the prevalence of symptomatic ankle arthritis is 
approximately nine times lower than hip and knee [ 1 ]. The 
ankle moves mainly with a rolling mechanism and matches 
even at high loads: the knee, on the other hand, shows a 
combination of rolling, sliding, and rotation, preparing 
in this way to a higher frequency of appearance of arthritis 
[ 2 ,  3 ]. Articular cartilage has distinct characteristics with 
regard to thickness, mechanical properties, and metabolism 
compared to the knee and hip, which protect it from the 
onset of primitive osteoarthritis but predispose to post-trau-
matic arthritis if not anymore intact. Cartilage thickness 
has indirectly proportional correlation with its compression 
module; the more subtle the former, the higher the latter. 
Ankle articular cartilage has a uniform thickness between 
1 and 1.7 mm, while knee varies from 1 to 6 mm. Therefore, 
ankle is the most consistent joint with thinner cartilage to 
better distribute the articular stresses homogeneously [ 4 ] 
and allows to carry loads up to 5 times the weight of the 
body during normal gait level. Any load is distributed 
approximately 75 % on talar dome and the remaining on 
medial and lateral facets [ 2 ]. There are numerous risk fac-
tors in practicing sports: they can be divided into intrinsic 
and extrinsic [ 5 ]. Intrinsic factors include gender, age, pre-
vious traumatic episodes, ligament laxity, joint instability, 
limitation of movement, strength loss, and fi nally align-
ment. Among the latter may be mentioned fi rstly environ-
mental conditions and sports equipment, followed by level 
of competition, playing time, type of sports, and exercise. 
There are many sports that can help in inducing a 
 post-traumatic ankle arthritis, especially contact ones, but 

even some of those, where the sport is exercised without 
risk of collisions with other athletes, recognize a particular 
frequency of injury due to the extreme use.  

53.2     Epidemiology 

 The ankle is the most frequently exposed joint to sports 
trauma: the percentage of hospital emergency room access 
varies considerably in the international statistics depending 
on the country. Not all sprained ankles are submitted to a 
treatment at fi rst aid, being cared directly on sports fi eld by 
team physician: for this reason, they can escape any offi cial 
statistic. In general, the incidence of ankle trauma is 
37 events/1,000 person with a progressive increasing trend. 
Ankle sprains represent 10–15 % of all sports injuries. 
Ankle arthritis can be induced fi rstly by bony fractures. The 
malleolar and tibial plafond fractures and the talar fractures 
associated or not with calcaneus are among the top causes of 
degenerative joint disease of the ankle [ 1 ]. Joint instability, 
due to chronic ligament laxity, medial or lateral, can lead to 
degenerative changes particularly on the medial side [ 6 ]. 
These, associated together, hold more than 80 % of all 
causes of ankle arthritis [ 1 ,  2 ,  6 ]. The remaining 20 % is 
determined by osteochondritis dissecans, osteochondral 
lesions, and chronic infl ammatory diseases with mainly 
articular localization such as rheumatoid arthritis and psori-
atic arthritis. Traumatic anterior compartment pathology is 
more diffused in sports and therefore more studied, more 
rarely is involved the posterior compartment [ 7 ]. 

 The tibial plafond fractures are often as result of high- 
energy forces and are associated with a high percentage of 
post-traumatic arthritis, caused by the combination of joint 
damage, avascular necrosis of fragments of intra-articular 
fracture, post-traumatic infection, or sub-infection because 
of the diffi culty of obtaining adequate surgical reduction of 
the fragments. Although the prevalence of ankle post- 
traumatic arthritis has a frequency as in other joints, an 
important predictive factor is severity in articular cartilage 
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damage. Lindsjo [ 8 ] has investigated a series of more than 
300 ankle fractures, in active population, treated with open 
reduction and internal fi xation (ORIF) surgery and con-
cluded that appearance of post-traumatic arthritis is direct 
consequence of fracture type, stood at 14 %. Lindsjo’s study 
also showed that perfect reduction of fracture strongly infl u-
ences the result of treatment. When arthritic changes appear 
following an ankle fracture, they tend to be highlighted on 
x-ray within the next 2 years. A strong correlation has been 
shown between the radiographic images, the severity of 
osteoarthritis, and clinical results. A separate consideration 
deserves talus fractures: even if they are most rare of tibial 
plafond and malleolus fractures, they can induce arthritis of 
the ankle and subtalar joint. Daniels [ 9 ] states that the fre-
quency of appearance of osteoarthritis following fractures 
involving talus and subtalar joint ranges from 47 to 97 %. 
Among these, fractures of the neck are the direct result of 
joint damage by a collapse of subchondral bone, secondary 
to avascular necrosis or nonunion: the appearance of post- 
traumatic arthritis can also be extended in these districts. 
Initially present only on articular affected side, it is then 
extended to all other compartments in different time [ 9 ]. 

 Ligament injuries secondary to ankle sprain have sequelae 
in chronic ankle instability, due to frequent episodes which 
athletes are involved during their sporting life. In a prospective 
study, Danish authors examined 766 patients affected with 
ankle sprain and submitted to fi rst care at emergency room of 
the hospital where they were employed. This pathology repre-
sented the 4 % of all the hospital accesses on 1 whole year. 
The majority of sprains appears to be secondary to sports prac-
tice (45 %), but proceeding with age, different activities 
become dominant. External joint compartment was involved 
in 61 %. Average age was 24.4 for both sexes, and prevalent 
gender was male (58 %), but after age 40, the data reversed in 
favor of women. The male peak was between ages 20 and 30, 
but for female, the peak appeared between 10 and 20 years. 
The seasonal tendency was major during spring with an aver-
age of 62 % of all cases that happened in open air. Authors 
concluded the ankle is the most affected joint by sports trauma 
[ 10 ]. Effectively, ankle joint stability is essential for normal 
articular motion, minimizing the risk of joint trauma during 
game participations. The capability of static and dynamic sta-
bilizers to keep their structural integrity is the major compo-
nent of the whole normal gait cycle. This quality in sports 
assumes a major importance because of the increased range of 
motion and stresses which ankle joint is submitted to during 
different sport disciplines. Even though the ankle sprain aver-
age is high in active population, external ligament compart-
ment is the most common traumatic disorder secondary to 
sports raising 25 % of all sports traumas [ 11 ]. 

 Though sporters affected with sprain should come back to 
their functional activity in a fast way, almost 40 % of them 
continued to refer problems on affected side for a period of 
various months after fi rst episode. Among all sports, the 

 contact ones are fi rst in statistics for determining ankle joint 
traumas, and soccer is absolutely the main cause [ 11 ]. 

 In a Swedish prospective study [ 12 ], authors correlated 
the ankle sprains with time of game in soccer. Examining 
four male divisions at different levels of ability for 1 year, the 
exposition to ankle trauma risk and the accident number per 
player were higher in the fi rst division, but their incidence 
and percentage were the same at all different levels of capa-
bility. Ankle sprains reached 17–20 % of all reported trau-
matic disorders, and their incidence was 1.7–2.0 events any 
1,000 h of exposition to game. Any further episode repre-
sented an increased risk of recurrence during sport activity. 
Chronic ankle dysfunction due to ligament chronic disorder 
is a prevalent problem of sporters who have been formerly 
affected with and represents the cause of chronic ankle insta-
bility, strongly infl uencing the appearance in times of joint 
arthritis. 

 However, examining the complete ankle kinematics, 
some authors [ 13 ] correlated it with tibiotalar joint affected 
with arthritis, pointing out the effects on subtalar joint move-
ments. They discovered that medial compartment arthritis 
can infl uence the kinematics of whole ankle joint complex. 
Compared to normal ankle behavior, their study suggested 
that the whole subtalar joint movements in all different 
planes have the tendency to shift in opposite direction in sub-
jects with medial compartment arthritis, during the stance 
phase of gait. These reported conclusions represent a strong 
failure of normal joint motion, related to the physiological 
kinematics in any healthy articular complex in motion, thus 
limiting any performance and inducing joint symptoms.  

53.3     Physical Examination 

 Clinical examination is generally emphasized by authors to 
point out the health condition of the patient. However, this 
view is opened to criticism because no particular sign is sug-
gested in evaluating an arthritic ankle. The direct visual 
inspection of the ankle and foot will aim to identify the alter-
ation of anatomical profi le and conformation, comparing it 
with the other side. The normal profi le is often altered by 
more prominence of malleolar edges because of deformity of 
previous fractures or of chronic instability. Generally, periar-
ticular soft tissues are involved in little swelling. Sometimes 
it is possible to appreciate a    bony prominence consistency on 
anterior side expression of a spur. An anamnestic fracture or 
many sprain episodes can lead to a correct diagnosis from the 
beginning: the perception of a sharp sound or feel of a bump 
to the ankle, the timing in the onset of pain as intensity and 
duration during activity, and the swelling onset with or 
 without a bruise can help in diagnostic exam. Palpation will 
search the sore points of the bony profi les, ligaments, and 
tendons, progressing both front and rear, evaluating whether 
statically or passively moving the involved district. 
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   Examining range of motion, particular attention is given to 
dorsal and plantar fl exion of the foot and ankle, lateral move-
ments in varus and in valgus, tibio-peroneal- talar supination 
and pronation, and the motility of subtalar and midtarsal 
joints, easily performed in chronic condition. Of great impor-
tance are the functional tests, which can highlight pathologic 
joint laxity secondary to ligament involvement. The test of 
supination highlights excessive movement on the affected 
side compared with the other one, forcing the joint in order 
to repeat a traumatic event. The search of talar “tilt” is per-
formed with the examiner with one hand fi xing the distal end 
of the leg and with the other hand grabbing the heel back, 
launching a forced movement in varus or valgus stress: a 
pathological ankle shifting is expression of a ligament 
involvement. The anterior drawer test tries to force the ankle 
ahead, giving a boost on the heel caught on the examiner 
hand, while the other one impresses an opposite movement: 
the presence of ligamentous injury in the ankle moves for-
ward most of the talus against anterior tibial plafond. The 
“squeeze test” is a test to assess the involvement of the syn-
desmosis, squeezing with both hands the involved region 
determining pain. All these tests have the limit not to have a 
prognostic value on the treatment of ankle instability, which 
generally is well accepted by the athlete manifesting a par-
ticular compliance with this disorder, with few problems for 
their specifi c activity. Stiffness is generally present in a lot of 
arthritic ankles, expression of an involvement of whole joint 
in the degenerative changes, but not necessarily linked to a 
particular radiological aspect such as spurs or ossicles. 
Athlete complains of this symptom which is not well 
accepted because of strongly infl uencing sports perfor-
mances during the game.  

53.4     Diagnostics 

 The instrumental diagnosis is of great assistance to deter-
mine the extent of ankle arthritis. The x-ray plan scan in two 
positions allows to study the relationship of reciprocity 
between the various components of bone and highlights any 
alteration [ 14 ]. The bony profi les appear to be modifi ed by 
the presence of anterior spurs both on tibial side and on talar 
one: it is very useful to submit the patient after surgery to a 
new scan to ensure its removal (see Figs.  53.1  and  53.2 ). 
Sometimes they appear as kissing lesions engaging during a 
dynamic study. Posterior compartment is not void of these 
lesions, appearing also in the hindfoot and involving tibial 
profi le and talus at os trigonum area. However, the presence 
of spurs can be detected both anteriorly and posteriorly. 
Ossicles can be present on the malleolar tip. Loose bodies 
should be evidenced only if ossifi ed, but cartilaginous ones 
do not relieve their presence on scans. The talar dome can be 
deformed and presents a fl at shape such as the tibial plafond, 
even if the movement is maintained for quite a good range. 

In the case of arthritis secondary to chronic ankle instability, 
the functional radiographs give an added value to  instrumental 
diagnostics, allowing to evaluate indirectly the capsule- 

  Fig. 53.1    The preoperative x-ray plan sagittal scan of arthritic ankle 
evidences the presence of anterior bony spur both on talar and tibial 
side       

  Fig. 53.2    The postoperative x-ray plan sagittal scan of arthritic ankle, 
submitted to arthroscopic debridement, confi rms the surgical result of 
bony spur removal on talar and tibial side, recreating a good anterior 
articular space       
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ligament chronic injured ankle, with the only limit repre-
sented by patient compliance due to pain. Submitting the 
patient to stress x-ray by the Telos tool, it is possible to mea-
sure in millimeters the anterior translation of the talus rela-
tive to the tibia (the so-called anterior drawer), detected at 
the posterior margin of the tibia and talus, and this lateral 
shifting in supination (the so-called talar tilt) measures the 
angle between the junction of the parallel line of the talar 
dome with the tibial plafond.   

 The ultrasound shows a high reliability because of the 
minimally invasive and big accuracy of the detected images, 
because it highlights not only the ligaments but also the asso-
ciated tendon degenerative injuries. Magnetic resonance 
imaging provides the opportunity to study articular areas 
deeply, which escape the ultrasound examination and which 
are not detectable by traditional radiographs: its use in 
chronic condition is appropriate to particularly selected cases 
of low reliability with other instruments, both for appropriate 
treatment and for prognostic purposes.  

53.5     Surgical Arthroscopic Procedure 

 Arthroscopy belongs indication for the fi rst treatment of 
ankle arthritis, despite having gained over time its precise 
role in all the other joints as a tissue-saving procedure with 
lack of invasiveness. One of the fi rst choice treatments is 
articular debridement performed by arthroscopy. Arthroscopy 
is addressed to evaluate the disorder (see Fig.  53.3 ), to 
remove synovial pathology, bone spurs, loose bodies (see 
Fig.  53.4 ), and ossicles that make symptomatic ankle joint as 
hindfoot [ 15 ,  16 ]. The reactive chondral debris-induced 
modifi cations of soft tissues are disabled with arthroscopic 
surgery. This treatment is limited to the initial ankle arthritis, 
without any deformity, any mechanical axis variation, and 
any joint space absence. Arthroscopy has the role of mini-
invasive procedure and is respectful of disabling skin dystro-
phies as consequences of important traumas or bony profi le 
deformity, thus avoiding the potential complications second-
ary to infection and to low capability of mortifi ed skin to 
regenerate. It permits a selectivity of treatment to single 
sides of joint, not possible in open surgery because it is lim-
ited by surgical access, allowing to explore and to address 
surgery both anteriorly and posteriorly, laterally and medi-
ally, simply by exchanging the instruments inside the surgi-
cal portals, thus allowing wider angles of vision and work.   

 The association of surgical debridement with articular 
distraction by external fi xation is reserved to younger patients 
with severe arthritis at the fi nal stage, who are arthroplasty or 
arthrodesis candidates. The association between arthrodesis 
and arthroscopy gave fresh impetus to this surgical choice, 
ensuring a very low local aggressiveness despite the total big 
bone removal from the joint necessary for a good articular 
fusion. Arthrodesis is the treatment indicated at fi nal stage of 

osteoarthritis and at failure of all other therapies, within the 
correct indication. However, it is not indicated for athletes in 
full sports activity because of the total lack of motion, repre-
senting the end of any ankle sports-related performance. 

 The arthroscopic procedure longer used is articular 
debridement (see Fig.  53.5 ); the term debris comes from 

  Fig. 53.3    The surgical picture shows the space between the two tibial 
( above ) and talar ( below ) chondral surfaces: a big erosion of cartilagi-
nous layer involves all the talar dome, while on tibial plafond, the 
detached cartilage is simply removed by probe which is going to appre-
ciate the consistency of the articular several layers       

  Fig. 53.4    An ossicle is found at the malleolar tip after cleaning up the 
joint and removing all the pathological tissue which hides the distal 
medial compartment: the punch grip is grabbing it out from the articular 
space       
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French language and is reused literally in English language 
[ 17 ]. It is considered as the remaining of biological tissue, 
bone or cartilage, physiological or not, loose inside the 
joint, or linked to articular structures, which can assume a 
pathological signifi cance according to its quantity, its 
placement, and its presence in critical areas subjected to 
movement or friction. Its presence becomes symptomatic 
triggering a widespread articular suffering, which often is 
associated to chondral surface pathology [ 18 ]. With the dif-
fusion of arthroscopic removal of those debris and frag-
ments, debridement is stated as one of the most common 
ankle joint surgical procedures. Technique [ 15 ] provides 
the patient’s assessment supine with inferior limb on a leg 
holder and the ankle distracted, remaining free to perform 
movements on surgeon’s needs, despite fi rmly wrapped in a 
noninvasive traction. If the joint region to be treated is pos-
terior, the patient is assessed in prone position, with foot 
outside the surgical bed on a roll pillow placed below the 
pretibial region, in order to release any movement of the 
joint from bed [ 16 ]. In this case, ankle traction is not 
needed, just forcing movements to open ankle joint enough 
to be addressed by instruments. Alternating the position of 
scope and instruments on three selected portals, a targeted 
removal of pathological infl amed and fi brotic tissues is per-
formed: tools such as basket or radio-frequency wands are 
needed to remove particularly tough and stiff tissues which 
make blind any visualization. Once cleaned up the spotted 
compartment, those loose bodies or ossicles in released 
articular recesses or gutters can be highlighted. If chronic 
infl ammatory clinical aspects are diffused inside compart-

ments, the association with synovectomy remains indi-
cated, as largest as possible both in medial and lateral and 
frontal and rear compartment, although fi nal results remain 
fair in short to medium term because of the possibility of 
infl ammatory tissue recurrence. These surgical procedures 
make valid the arthroscopic debridement in solving a big 
part of symptoms of athletes. The rehabilitation protocol is 
very fast, permitting an immediate weight-bearing with 
crutches if needed by the patient: exercise to reinforce 
strength and to develop proprioception is immediately 
started. Better coordination between muscle and training 
activities addressed to the perception of balance makes pos-
sible to prevent the occurrence of further trauma, resulting 
in improved muscle strength and improved proprioceptive 
response from the operated ankle.  

 In some selected cases, with a small arthritic involvement 
of the joint, the association with removal of detached 
various- sized cartilage fragments should be associated with 
microfractures or perforations, aiming to revitalize the sub-
chondral bone according to the lesion dimensions. 
A medium to long rehabilitation period will complete the 
treatment with respect to partial weight-bearing. The tibial 
or talar bony spurs reduce the joint space, reduce the range 
of motion, and cause erosions on the underlying or overly-
ing cartilage, increasing joint damage and making more 
complex this surgical procedure. Their removal is easily 
performed by bur blades and cutters which remove the 
excess of bone under direct scope visualization. The painful 
giving way and joint blocks are often caused by the presence 
of loose bodies or malleolar ossicles, freely placed in the 
articular environment. However, their removal does not 
always resolve symptoms defi nitely and even prevents fur-
ther damage related to their presence and their movement. 
Often, the loose bodies originate from detachments of carti-
lage layer portion, which remains damaged by sports-related 
overuse originating an osteochondral lesion. Therefore, 
their removal must often be associated with repair of those 
bare areas most subjected to load, if their extension is 
greater than 15–20 mm 2  and the suggested surgical proce-
dure permits to do immediately. Sometimes the chondral 
damage is also extended to the tibial plafond, generating 
insidious kissing lesions whose treatment is still question-
able in the evaluation of the outcomes. 

 The age at time of arthroscopy has been shown to be an 
important risk factor for clinical outcome. Some authors 
have demonstrated that young athletes have a better clinical 
outcome compared with older ones, probably because the 
former have a larger component of soft tissue placed on both 
sides of arthritic joint. However, some data show that age is 
not a limit for arthroscopic treatment and is not signifi cantly 
associated with clinical outcome. Similarly, it had been 
reported that the shortest duration of symptoms was associ-
ated with better clinical outcome at arthroscopic treatment. 
Overweight athletes have higher risk of osteoarthritis: best 

  Fig. 53.5    A 4 mm shaver blade is inserted into the joint space to clean 
up the posterior compartment from anterior, to reaching a complete 
visualization of this area       
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candidates for arthroscopy appear to be those with a BMI 
lower than 25. The type of osteoarthritis (degenerative or 
post-traumatic) is considered an important concomitant pre-
dictive factor. Association with other intra-articular patholo-
gies affects the arthroscopy’s outcome. The presence of 
intra-articular lesions is observed in a range from 20 to 72 %: 
a complete resolution of associated injuries can guarantee 
favorable clinical outcome.  

    Conclusions 

 Sports at professional level can be risky for evolution of 
ankle disorders in arthritis. At its appearance, the specifi c 
indications for arthroscopic joint debridement are still 
controversial. However, in many cases, it appears to have 
good results, despite that it is seldom necessary to submit 
athletes again to this procedure because of recurrence at 
3–4 years. Overall, there are no studies showing what are 
the positive prognostic factors of this surgery. Despite the 
absence of data, possible risk factors have been assumed 
such as age, sex, duration of symptoms, body mass index, 
type of osteoarthritis, previous treatments, and the pres-
ence of associated ligament injuries.     
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54.1            Introduction 

 The most common traumatic ankle injuries in sports are 
sprains, as shown by Hootman et al. [ 1 ] comparing 15 differ-
ent sports. Capsule-ligament sprains represent approximately 
85 % of ankle lesions [ 2 ]; the mechanism of 85 % of these is 
inversion (adduction-varus-supination), 5 % is subversion 
(abduction-valgus-pronation), while the remaining 10 % 
involves the tibiofi bular syndesmosis [ 3 ]. Cartilage injuries 
may result from these traumatic events, especially in males 
(70 %), and these kinds of lesions are bilateral in 10 % of 
cases [ 4 ]. 

 Football, volleyball, basketball, and rugby are the most 
involved sports because they have statistically the largest 
number of athletes. 

 The rehabilitation process will be different according to 
pathology type that has affected the ankle and depending on 
the type of treatment that the surgeon has decided to 
undertake. 

 In fact, we can distinguish three main groups of injuries, 
which ensue different types of treatments in arthroscopic 
surgery:
    1.    Ankle instability, due to acute ligamentous injuries and 

constitutional laxity   
   2.    Degenerative diseases and synovial and bone impinge-

ments sometimes in addition to cartilage lesions   
   3.    Chronic instability with degenerative diseases      

54.2     Ankle Instability Rehabilitation After 
Surgical Treatment 

 There are multiple surgical methodologies and they are all 
followed by a period of immobilization in cast or brace 
(walker type), typically for 2–4 weeks depending on the sur-
gery applied. The surgeon will defi ne the timing of immobi-
lization with no weight bearing. 

 Even in such cases edema and pain after surgery are 
needed to be taken under control; therefore, it is advisable to 
apply the PRICE treatment, Tecar, and laser therapies. This 
Anglo-Saxon acronym refers to limb  protection , relative  rest , 
 ice  application,  compressive bandaging  application, and 
maintaining limb  elevation  [ 5 ]. The simultaneous oral 
administration of NSAIDs has also shown effi cacy in con-
trolling pain and edemas. Medical staff should avoid dexter-
ity that acts directly on the capsule and ligaments, especially 
in ankle subversion cases. The passive movement should be 
started early trying to restore the maximum joint ROM, 
while the recovery of the full joint movement is not urgent; it 
should be postponed in order to avoid damaging stresses.  

54.3     Degenerative Diseases Rehabilitation 
After Surgical Treatment 

 The purpose of the rehabilitation consists in the best and 
more rapid functional recovery in order to minimize the 
degree of disability [ 6 ,  7 ]. In the majority of impingement 
cases, it is recommended to keep the limb in discharge for a 
few days to allow the reabsorption of edema and recover the 
mobility of the ankle without pain. 

 Therefore, during the fi rst 3–4 days, in order to reduce 
pain, swelling, and lesion extension, surgeons have to apply 
the previously described PRICE. 

 Usual of this step is the use of physical therapies for ther-
apeutic purposes, even if the literature does not show evi-
dence of clinical effi cacy [ 8 ,  9 ]. Manetti et al. [ 10 ] support 
the effi cacy of thermal shock that consists in the alternation 
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of hyperthermia and cryotherapy, promoting tissue regenera-
tion and resolution of the painful infl ammatory symptoms.  

54.4     Tecar and Laser Therapy 

 CRET (Tecar) therapy, which stands for capacitive-resistive 
electric transfer, is common in particular for drainage of 
edema and for the treatment of muscle contractures, such as 
those of the triceps complex and those of the posterior tibial 
complex [ 11 ]. 

 There are three key actions of the Tecar therapy system. 
They are executed by two modes of operation, namely, the 
capacitive mode and the resistive mode. Classically, it is con-
sidered that the capacitive mode of operation acts on the tis-
sues and more hydrated structures such as muscles, blood 
vessels, and lymphatic vessels, whereas the resistive mode 
acts on tissues and structures with high density of connective 
tissue (e.g., joint capsules, cartilages, fi brotic cords, liga-
ments, bone, tendons, etc.). 

 Tecar therapy causes the ionization of molecules of the 
tissues; the atoms that are released collide between them, 
and by transmitting to each other the movement, they cause 
recordable acoustic waves (phonons). A portion of the energy 
released by this process is converted into vibrational energy 
and, thus, into heat. 

 The last-generation technologies allow to work at higher 
frequencies (from 0.5 up to 1 MHz), and the effi ciency of 
energetic transfer is guaranteed by a reading system able to 
detect the effective absorption of energy by the tissue using 
feedback in histograms. 

 In this way it is possible to treat the tissues with hand-
pieces and large plaques in both thermal and athermal modes, 
taking advantage of the benefi ts of oxygenation and drainage 
and vascularization without major, and sometimes harmful, 
thermal increments. It has been proposed to use a simple 
infrared thermometer (or more evolved thermography sys-
tems) to monitor the thermal response curve of the patient at 
the beginning, during, and after the treatments. 

 As previously mentioned, as a consequence of surgery, the 
formation of local edema responsible for pain can occur. 
Lymphatic drainage massage and the simultaneous involvement 
of CRET therapy are useful in order to reduce local edema. 

 Another frequent physical therapy is the laser therapy. 
The acronym laser means light amplifi cation by stimulated 
emission of radiation. In simple terms, but not less realistic, 
the laser can be considered as a light amplifi er. 

 The laser acts in accordance with the basic laws of light, 
according to which light travels in a straight line at a constant 
speed in space and it can be transmitted, refl ected, refracted, 
and absorbed. The light can be positioned within the electro-
magnetic spectrum in relation to frequency and wavelength, 
which vary depending on the generator under consideration. 

 The therapeutic windows are characteristic of many areas 
of therapy and medical practice, and, in the case of laser, the 
therapeutic window is between 600 and 1,100 nm. 

 The principles of bioactivation have been proposed by 
Karu et al. [ 12 ] who reported and demonstrated some key 
factors. The author, in fact, has noted that some biomolecules 
are able to modify their activity in response to irradiation 
with visible light of low intensity, but that the same mole-
cules are not able to directly absorb the light energy. The 
primary absorption would be carried out entirely by the cell 
membrane, where the intracellular effects would be pro-
duced by the action of second messengers, with a response of 
“cascade” type. 

 The magnitude of the photoresponse would be determined 
at least in part by the state of cells and tissues prior to irradia-
tion; this concept is wonderfully exemplifi ed by the assump-
tion that “the hungry cells would be more photosensitive 
than the well-fed ones” [ 13 ]. 

 The most recent methods of laser therapy involve 
simultaneous administration of multiple frequencies and 
high energies, but with low thermal impact and with dif-
ferent wavelengths. They are positioned at the beginning, 
in the middle, and at the end of the therapeutic window 
(laser FP3 – Bergamo). The entire process occurs without 
increasing the temperature of the tissues, considered as 
“waste” in the process of laser therapy. This is possible by 
specifi c sensors able to detect temperature and skin 
impedance in real time, by adapting parameters such as 
the power and the “blending” of the various wavelengths 
instant by instant. 

 Occasionally, excessive rehabilitative loads or excessive 
effort by the patient causes the formation of tendon pathol-
ogy, especially of the anterior tibial and peroneal, and an 
infl ammation in the surrounding areas of where the arthro-
scope is introduced. In this case, the laser therapy drasti-
cally reduces pain and infl ammation since the earliest 
sessions.  

54.5     Proprioception 

 Proprioception, however, should not be ignored. It is stimu-
lated by exercises performed in a sitting position in two dif-
ferent ways: in a unidirectional way if during the surgical 
phase a capsular “shrinkage” has been performed and in a 
multidirectional way if no action has been taken on the 
capsular- ligamentous apparatus. 

 The discharge on the operated limb depends, of course, on 
the type of surgical treatment and on the treated tissue. In the 
case of the removal of osteophytes, active and passive mobi-
lizations for 2 and 4 weeks, instead, in the case of treatment 
of osteochondral lesions are recommended. This is followed 
by re-education that starts at the beginning into the water 
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with gradual load for another 15 days and then switching to 
progressive load on the ground for a further 2 weeks with a 
full and progressive muscle strengthening. 

 The recovery of muscle strength can be started very early. 
Initially, with the foot in a neutral position, contractions will 
be performed in plantar and dorsal fl exion and eversion/
inversion; then the therapy involves elastic resistance exer-
cises to be carried out also to domicile. 

 With the progress of the recovery, exercises in a closed 
chain will be introduced, initially from a sitting position and 
then standing. Muscle strengthening exercises are synergis-
tic to the articular recovery and across all this stage; the pro-
gression of workloads will depend on edema and painful 
systems. It is recommendable to continue with the use of 
functional bandages (taping) during the recovery; the use of 
Canadian sticks is procrastinated until the “step pattern” is 
free of pain and analgesic compensation.  

54.6     Discharge and Brace 

 After surgery a period of discharge is often necessary and it 
is decided by the surgeon depending on the method used. 
The discharge is often accompanied by the use of a plaster 
splint or brace (like walker) to protect the joint from trauma 
and involuntary movements. 

 In the case in which the surgical treatment was an 
arthroscopic “shrinkage,” the patient is advised to wear a 
brace for 3 weeks; otherwise it may be suffi cient a taping.  

54.7     Rehabilitation in Water 

 Contrary to what is argued years ago, the movement is today 
considered crucial to accelerate tissue repair and the subse-
quent recovery of the injured area. Early rehabilitation of the 
patient, in safety conditions, favors the recovery of soft tis-
sues; it properly orients the deposition of collagen, partially 
preserves tropism and muscular tone, and maintains the ath-
letic condition, if possible [ 2 ,  14 – 16 ]. 

 Muscles and bones are subjected to less tension into 
water: they have a subtotal or partial loss of weight. This 
allows a control of the magnitude and of the speed of move-
ment, facilitating the edema and pain reduction, allowing the 
execution of movements free of pain [ 17 ,  18 ]. 

 The biological effects are related to an improvement of 
the circle and to a normalization of the swelling, allowing, 
as a physiological effect, a better and more rapid forma-
tion of neovascularization and innervation. The balance of 
power between agonist and antagonist muscles is crucial. 
Any exercise performed into water allows to train both 
muscle areas involved in movement with a mutual control 
and without creating joint or tendon overloads (Fig.  54.1 ).  

 The posture is controlled by allowing an activity that 
involves an erect position and with proper coordination: the 
therapist can notice that the movement is not performed 
along the predetermined line, while the patient realizes how 
this movement is not monitored [ 17 ,  18 ]. 

 During rehabilitation, water must have a temperature near 
32 °C (89.6 °F). The fl ow of water, ropes, elastic bands, 

  Fig. 54.1    Muscles and bones 
are subjected to less tension into 
water. It allows greater control of 
local edema, better mobilization, 
and greater muscle strengthening 
with a lower risk of functional 
overload       
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shovels, sticks, fl oats, weights, and even fi ns are the useful 
aids. 

 It should be noted that the density of water does not allow 
the speed increment; thereby, it is diffi cult to perform lactic 
acid muscle works that affect the anaerobic process. In this 
way the training activity involves a lower number of 
infl ammations. 

 This type of rehabilitation is useful not only in the initial 
phase but also in the intermediate and fi nal stages of the 
rehabilitation process for edema control.  

54.8     NEURAC Rehabilitation 

 At the earliest stages of rehabilitation, we make use of a 
method called NEURAC (neuromuscular reactivation) that 
is carried out with a suspension system made by cables and 
ropes (defi ned as Redcord). This phase begins during unload-
ing but can continue even after the giving of weight bearing. 
Such cables are applied in different points so that it is possi-
ble to create vectors of translation or rotation, as well as 
compression and decoaptation. 

 The peculiarity of this method is that it takes place in a 
closed kinetic chain emphasizing the role of the stabilizing 
musculature (type I fi bers) and training the sensorimotor 
system. 

 It consists of the following:
    1.    Periarticular sensory afferents from bone, capsule, liga-

ments, tendons, and muscles   
   2.    Interpretation of this information by the central nervous 

system and development of an efferent motor program   
   3.    Periarticular muscles expressing the motor program pre-

pared by the nervous system     
 After surgical treatment the sensorimotor system can be 

ineffi cient for several reasons: compensation previously 
established due to the pain, lack of peripheral afferents, lack 
of central ability to develop effi cient motor programs, and 
insuffi cient periarticular muscle strength. Pain and injuries 
clearly accelerate, in a negative direction, the progression of 
these factors. Indeed, pain inhibits effi ciency of the senso-
rimotor system. Any source of pain can interfere with the 
sensorimotor system producing a constant vicious circle 
“pain-sensorimotor defi cit-pain.” Therefore, it is important 
to reprogram the sensorimotor patterns of the whole fascial 
and muscular system, taking into account that the trunk and 

the pelvis (especially the transversus abdominis muscle, the 
quadratus lumborum, and the gluteus medius) are a very 
important key for the stability of the lower limbs and then the 
stability of the ankle (Fig.  54.2 ).  

 They are useful exercises for all ages and improve 
patient’s strength and functional capacity (coordination and 
balance). You can activate different muscle groups during a 
single exercise which is recommended for about 10 min 3 
times week in relation to the patient’s age.  

54.9     Computerized Proprioception 

 This phase of training takes place after the giving of weight 
bearing. 

 Early mobilization promotes not only tissue nourishment 
but also a good orientation of the cicatricial fi bers for capsu-
lar elasticity, and, subsequently, it allows to preserve a good 
muscle tone and tropism and maintain afferent and efferent 
neuromotor activities with a great advantage in the pursuit of 
the fi nal goal, that is, the functional recovery. 

 The recovery of motor patterns and coordination is cru-
cial, because only the reconquest of proprioceptive ability 
will allow a return to the sport. Afferent proprioceptive 
inputs are conveyed to different levels of the central nervous 
system [ 19 ], but most remain unconscious and only a very 
few (approximately one signal out of a million) are able to 
reach the conscious level [ 20 ]. The joint position sense and 
the joint movement sense (kinesthesia) are the expression of 
the conscious component, while postural control and joint 

  Fig. 54.2    NEURAC – record system. Is possible to improve patient’s 
strength and functional capacity (coordination and balance)       
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stability are mainly based on the unconscious component 
[ 19 ]. In the case of the antigravity movements, propriocep-
tive control is the expression of the effectiveness of stabiliz-
ing refl exes in controlling vertical stability [ 21 ]. By 
antigravity movements, we mean activities which require the 
individual to counteract gravity and postural instability with 
at least a phase of single-limb stance (walking, running, 
jumping, going up and down stairs, and so forth). 
Proprioceptive inputs are the most important sensory system 
in the maintenance of static postural stability at all ages. 

 Coupling single-stance stability with high-frequency 
instability of an electronic rocking board is able to repro-
gram proprioceptive control [ 22 ]. High-frequency instability 
is induced by the visual trace on the monitor (a feedback of 
the rocking movements of the board acting as feedforward) 
which tracks the subject and notably increases the number of 
corrections of the platform position. On the same rocking 
board, without visual tracking, you would experience insta-
bility only at low frequencies. The visual feedforward 
enhances the frequency of instability of the rocking base 
refi ning the postural reactions. In this way the postural adap-
tations can change from macroamplitude at low frequency to 
microamplitude at high frequency [ 22 ]. Besides the subcorti-
cal tracking, the visual information permits to assign specifi c 
tasks as trying to maintain the moving plate at an inclination 
corresponding to a certain level of supination or pronation 
(4–12° of supination, 4–8° of pronation) or passing from an 
inclination to another. These exercises of dynamic explora-
tion are very effective to improve ankle functional stability 
and single-stance stability. 

 The stability tests and the high-frequency proprioceptive 
training can be performed by means of an electronic postural 
proprioceptive station (Delos Postural Proprioceptive 
System, Delos, Torino, Italy) (Fig.  54.3 ) [ 23 ] connected to a 
personal computer with a specifi c software. The station 
includes an electronic rocking board, an electronic postural 
reader, an infrared sensor bar, and a display. In case of risk of 
falling, the subject could lean on the bar placed in front of 
him to regain vertical control rapidly. The bar is equipped 
with an infrared sensor able to indicate when the subject 
leans on it. The electronic postural reader (DVC, Delos 
Vertical Controller), applied to the sternum, measures the 
trunk inclination in the frontal plane ( x ) and sagittal plane ( y ) 
by means of a two-dimensional accelerometer unit 
(Fig.  54.4 ). The electronic rocking board has a single degree 

of freedom on the frontal plane (range of motion: ±15°) and 
measures the inclination of its moving plate [ 24 ].    

54.10     Recovery of Athletic Movement 
and Return to Sport 

 For the athlete this is the most important phase: it is the only 
moment in which the athlete actually relives the return to 
sports. It should be noted that the training is a kind of specifi c 

  Fig. 54.3    Electronic postural proprioceptive station (Delos Postural 
Proprioceptive System, Delos, Torino, Italy). You can see the activity of 
the patient records on charts       
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  Fig. 54.4    Graphical comparison between the start and end of Delos therapy       

  Fig. 54.5    Isokinetic workup to increase muscular strength and isokinetic test to dynamically isolate the muscular group       
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sport and it is therefore essential to consult the team trainers 
to discuss about the purposes to be achieved and the time 
required. 

 The athlete can be asked to submit to an isokinetic workup 
of the ankle to increase strength with traditional isotonic 
exercise (Fig.  54.5 ).  

 At the last time of rehabiliation, we can use it as ankle test 
and threshold test. The fi rst allows to dynamically isolate the 
muscular group under examination, assessing the perfor-
mance across all the arc of contraction (constant resistance), 
estimating an average of defi cit also for the dynamic recruit-
ment. It is, however, a method that is not always easy to 
implement and diffi cult to fi nd and that has a controversial 
utility. The second will give indications on metabolic condi-
tions of the athlete. 

 Only when both tests give a positive outcome, the athlete 
will be allowed to return to sports [ 25 ]. 

 The return to driving occurs usually between 2 weeks and 
2 months.     
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55.1             Introduction 

 Besides acute musculoskeletal injuries due to traumatic 
events, chronic joint and tendon damage, due to overuse or 
repeated microtraumas, is common in athletes. The prevail-
ing paradigm suggests that osteoarthritis (OA) results from 
the failure of the damaged cartilage repair process, due to 
biomechanical and biochemical changes in the joint, which 
follow, especially in athletes, repeated and stressful exercise 
and traumas [ 1 ]. Namely, OA is considered a disease of the 
whole joint involving subchondral bone changes with 
increased metabolism and sclerosis, chondrocyte death, and 
extracellular matrix catabolism, as well as primary or sec-
ondary changes in the synovium, including endothelial cell 
proliferation, macrophage infi ltration, and infl ammation 
with subsequent alterations in the molecular composition of 
the synovial fl uid [ 1 ]. 

 As far as tendons are concerned, it is well known that, in 
physiologic conditions, exercise has benefi cial effects on 
tendon morphology and function [ 2 ]. Indeed, when the 
mechanical load is repeated and intense (as in athletes) but 
still in the physiologic window, anabolism prevails on catab-
olism. New extracellular matrix and collagen fi bers are 
formed, so that, in the long run, tendon cross-sectional area 
increases, and the biomechanical properties are improved. 
However, when the individual threshold of loading frequency 
and magnitude is overcome, the tendon response reverses 
from benefi cial toward degenerative [ 3 ]. An aberration in the 
proteoglycan metabolism is likely to drive the pathogenesis 
of tendon damage, with increased metalloproteinase expres-
sion, which favours the formation of degradation products. 

In addition, infl ammatory molecules, such as interleukin1-
beta, are released and may be implicated in the disease pro-
gression [ 4 ]. The chronic tendon damage is epidemiologically 
prevalent in comparison with acute damage (rupture), which 
can occur on tendons with evidence of degeneration or even 
in normal tendon when submitted to very intense exercise. 

 Quite all joints and tendons may be involved in athletes, 
some of them more frequently in relation to the peculiar 
sport activity: the shoulder in swimming, baseball, volley-
ball, and basketball, the elbow in tennis and golf, and the hip, 
knee, and ankle in sports requiring running and jumping. 
While the number of practitioners increases, the rate of 
sports injuries distressing the musculoskeletal system is 
growing and becoming a challenging problem. Indeed, these 
injuries can be the cause of a premature ending or of a long- 
standing stop of a professional career with ensuing economic 
damage or a limiting factor of leisure activities with a sub-
stantial impact on the quality of life. 

 The aim of the therapy is twofold: fi rst, to get a physio-
logic and if possible complete healing process and, second, to 
shorten the recovery time, especially in professional athletes. 

 Several conservative treatments, such as oral and topical 
nonsteroidal anti-infl ammatory drugs, glucosamine, chondroi-
tin sulfate, and intra-articular or peritendinous corticosteroids, 
have been proposed as noninvasive solutions for pain treat-
ment and improvement in function, with varying success rates. 
However, evidence suggests that they are not able to alter the 
natural history of the disease and some of them, while effi ca-
cious in the short term, may have deleterious local and sys-
temic consequences [ 5 ]. With increasing understanding of cell 
signaling networks, current research is investigating new con-
servative methods seeking to provide an instructional environ-
ment for stimulating joint and tendon repair. 

 Among the emerging technologies for enhancing and 
accelerating tissue healing, a biocompatible and cost- 
effective approach involves the viscosupplementation with 
hyaluronic acid (HA). “Engineering” the synovial fl uid with 
HA is a safe and effective procedure in the management of 
OA, as shown by a huge amount of clinical trials [ 1 ,  6 ], but 
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recently, encouraging results have been also reported in the 
treatment of tendon disorders [ 7 ]. 

 The aim of this chapter is to show the current evidence 
about the use of HA in the treatment of joint and tendon inju-
ries in athletes.  

55.2     Rationale 

 Synovial fl uid is essential for the normal joint functioning: it 
acts both as a lubricant during slow movement (e.g., in walk-
ing) and as an elastic shock absorber during rapid movement 
(e.g., in running). It also serves as a medium for delivering 
nutrition and transmitting cellular signals to articular cartilage 
[ 1 ]. HA is the major chemical component of synovial fl uid. The 
native HA has a molecular weight of 4–10 million Daltons and 
is present in articular fl uid in a concentration of about 
0.35 g/100 ml [ 8 ]. It is essential for the viscoelastic properties 
of the fl uid because of high viscosity and has a protective effect 
on articular cartilage and soft tissue surfaces of joints [ 9 ]. 
Furthermore, due to its abundant negative charges, HA absorbs 
a large amount of water at equilibrium, and this vast water 
domain helps to create the spaces through which the cells move 
and signaling molecules diffuse to reach their targets. 

 In pathological conditions, the concentration and molecular 
weight of HA are reduced, resulting in synovial fl uid of lower 
elasticity and viscosity: the factors which contribute to its low 
concentrations are dilutional effects, reduced hyaluronan syn-
thesis, and free radical degradation [ 9 ]. When viscoelasticity of 
synovial fl uid is reduced, the transmission of mechanical force 
to cartilage may increase its susceptibility to mechanical dam-
age. Therefore, the restoration of the normal articular homeo-
stasis is the rationale for HA administration into OA joints. 

 The conceptual basis for the use of HA in the treatment of 
tendon disorders comes from physiopathologic consider-
ations [ 4 ,  7 ]: fi rst, because HA is an essential component of 
the tendon itself and, second, because sound experimental 
data show that an intense HA synthesis occurs during the 
healing phase after damage.  

55.3     Therapeutic Activities of HA 

 The benefi cial effects of HA are due to complex mechanisms 
[ 1 ]. Besides the restoration of the viscoelastic properties of 
the synovial fl uid, basic research has shown that HA has sev-
eral pleiotropic signaling properties [ 1 ,  10 ]. 

 Actually, HA binds to a number of cell membrane recep-
tors termed hyaladherins. The predominant and more widely 
expressed is CD44, which is provided of protective effects on 
tissue remodeling and damage progression [ 11 ]. Moreover, 
HA is provided of anti-infl ammatory and antinociceptive 
activities and contributes to the normalization of endogenous 
HA synthesis. The analgesic properties of HA are attributed 

to a specifi c activity on opiod receptors [ 12 ]. In particular, it 
has stimulatory effects on the k receptors in a concentration-
dependent manner, thus increasing the pain threshold by a 
direct action on synovial nerve endings. 

 In OA, the effi cacy in the short term is mainly due to a 
substitution effect (viscosupplementation), i.e., to the restora-
tion of the viscoelastic properties of the synovial fl uid, such as 
cushioning, lubrication, and elasticity. On the contrary, the 
long-term effects are mainly dependent on the restoration of 
joint rheology (biosupplementation), i.e., the anti-infl amma-
tory and antinociceptive activities, the normalization of endog-
enous HA synthesis, and chondroprotection [ 1 ]. The effi cacy 
on tendon disorders can be ascribed to the improvement of the 
healing process and to the lubricating effect on the tendon 
sheaths, which has been clearly shown on hand fl exors [ 7 ].  

55.4     HA Preparations 

 At present, preparations with different molecular weight are 
commercially available. The enhanced penetration of low 
molecular weight (LMW) preparations (0.5–1.5 million 
Daltons) through the extracellular matrix of the synovium is 
thought to facilitate the interaction with target synovial cells, 
thus reducing the synovial infl ammation [ 13 ]. HA prepara-
tions with high molecular weight (HMW) (6–7 million 
Daltons) [ 14 ], by means of their hydrophilic properties, 
retain higher amounts of fl uid in the articular space and are 
also provided by anti-infl ammatory activity, as shown by 
studies on migration of infl ammatory cells in the joint and on 
reduced prostaglandin E2 and bradykinin concentration [ 15 ]. 

 Recently, new preparations have been proposed, aiming 
to ameliorate the therapeutic effi cacy of HA. New types of 
particulate carriers have been investigated for increasing the 
retention time of therapeutic agents within the joint cavity, 
among them, cationic polymeric nanoparticles that form dif-
fuse ionically associated fi lamentous structures (“ionically 
cross-linked hydrogels”) with resident hyaluronate in the 
synovial cavity after intra-articular injection [ 16 ]. Moreover, 
a preparation of celecoxib-loaded liposomes embedded in 
HA gel has been formulated [ 17 ]. The combination of these 
drugs, both effi cient in the treatment of OA but with different 
mechanisms, injected into the joints, is expected to have syn-
ergistic effect, as preliminarily shown in animal models [ 18 ]. 
However, despite these promising results, high-quality clini-
cal studies proving the superiority of new formulations 
toward the available preparations of HA are still lacking.  

55.5     Clinical Trials 

 Information about the effi cacy of HA in the treatment of joint 
and tendon pathologies in athletes comes in part from studies 
specifi cally performed in subjects, both professional and 
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amateurs, practicing sport activities and largely from trials, 
where young subjects with overuse and/or post-traumatic 
joint and tendon damage were included. 

55.5.1     Knee 

 Viscosupplementation with HA in knee OA has been 
approved by the Food and Drugs Administration [ 19 ] and is 
recommended by OARSI for non-severe OA [ 20 ]. Guidelines 
are based on a meta-analysis of randomized saline-controlled 
trials, including a total of 29 studies representing 4.866 sub-
jects (intra-articular HA, 2,673; saline, 2,193) [ 21 ,  22 ]. 
These trials were performed, single or double blind, with dif-
ferent types of HA (LMW and HMW). The number of injec-
tions ranged from 3 to 5 weekly, the doses from 15 to 60 mg, 
and the trials’ length from 4 weeks to 18 months. HA injec-
tion resulted in very large treatment effects between 4 and 26 
weeks for knee pain and function compared to preinjection 
values. The percentages of improvement from baseline were 
similar in the trials where LMW or HMW HA was used [ 21 , 
 23 ]. However, the number of injections needed was in gen-
eral lower for HMW preparation, and this is an advantage  
for patients and doctors [ 21 ]. 

 The benefi t of intra-articular HA injection has been also 
demonstrated in younger patients with acute knee damage, 
including symptomatic meniscal tears and isolated ACL 
injury with chondral injury [ 1 ,  24 ]. 

 In athletic patients with patellar tendinopathy (stage 2 or 3 
according to Blazina’s classifi cation), a mixture of 25 mg HA 
and 1 ml of 1 % lidocaine was injected blindly at the proximal 
interface between the posterior surface of the patellar tendon 
and the infrapatellar fat pad or into the region of maximum 
tenderness [ 25 ]. One week after the fi rst injection, other injec-
tions were done on the patient’s request; conservative treat-
ments (exercises and instrumental therapies) were also 
prescribed. After treatment, 54 % of patients were rated in 
excellent conditions (return to previous athletic activities), 
while 40 % in good conditions complained some degree of 
limitation. The open design and the subjective evaluation meth-
ods used (no imaging) are important limitations of this study.  

55.5.2     Hip 

 The experience about viscosupplementation of hip OA in 
athletes is scanty, because the modest epidemiological rele-
vance of the disease in these subjects and in young patients 
in general. Therefore, the effi cacy of the treatment cannot be 
defi nitely proved. Some trials have shown a reduction of 
pain, which, in general, becomes evident within 3 months 
and persists in the following months. However, it must be 
underlined that only few studies report longer follow-up 
periods (at 12 and 18 months) [ 26 ].  

55.5.3     Ankle 

 The experience on ankle OA is limited. Positive results have 
been reported in studies performed without a control group, 
but it is not clear whether the pain reduction could be ascribed 
only to a placebo effect [ 27 ]. 

 In other studies, HA injections have shown similar effi -
cacy when compared to a 6-week exercise therapy (muscle 
strengthening and ankle range of motion exercises) [ 28 ] or 
arthroscopic lavage [ 29 ]. The limited effi cacy of viscosup-
plementation in ankle OA can be partly explained by the fact 
that all studies, but one [ 27 ], were performed blindly, with 
any imaging guidance. 

 Ankle sprains are among the most common of all sports 
injuries, and their impact is of considerable concern to long- 
term function and performance of athletes beyond the acute 
event. At this regard, it is noteworthy a randomized, con-
trolled, prospective trial, performed on 158 competitive ath-
letes who suffered an acute grade I or II lateral ankle sprain 
[ 30 ]. The patients were randomly assigned at baseline 
(within 48 h of injury) to periarticular injection with HA and 
standard of care (rest, ice, elevation, and compression 
[RICE]) or placebo injection (PL) and RICE treatment. 
Periarticular HA treatment was highly satisfactory in the 
short and long term versus PL, being associated to reduced 
pain, more rapid return to sport activities, and fewer missed 
days from sport in a 24-month follow-up [ 30 ].  

55.5.4     First Metatarsophalangeal Joint 

 First metatarsophalangeal joint OA is common in golfers and 
can lead to progressive reduction in range of motion and pain 
that can affect walking and recreational activity. A study per-
formed on 47 older golfers (mean age 70 years), treated with a 
weekly intra-articular injection of 1 ml HA for 8 weeks, 
showed at week 9 a signifi cant improvement in pain at rest and 
after tiptoe walking and an increased range of motion. These 
changes were maintained for all measures at 16 weeks [ 31 ].  

55.5.5     Shoulder 

 HA is effective and well tolerated for the treatment of OA 
and persistent shoulder pain refractory to other standard 
interventions. In addition, most of the patients experience an 
improvement in the shoulder function score and in the activi-
ties of daily living [ 32 ,  33 ]. The effi cacy of HA has been also 
demonstrated in the treatment of other shoulder diseases, 
such as subacromial bursitis and adhesive capsulitis [ 34 ]. 
The experience of HA use in rotator cuff tendon damage is 
more consistent [ 35 ,  36 ]. Patients with different rotator cuff 
diseases (full- or partial-thickness tear, tendinosis) were 
treated with HA injections and compared to placebo or active 
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treatments (steroids or physical therapies). A superior thera-
peutic effect was observed in comparison to placebo, but no 
signifi cant difference was shown when steroids and physical 
therapy were used as controls. It can be supposed that in 
these conditions, HA helps in improving the articular and 
periarticular environment, because only surgery may be effi -
cacious on tears.  

55.5.6     Elbow 

 Tennis elbow, also called lateral epicondylitis, is character-
ized by degenerative changes related to overuse injury and 
repetitive stress, leading to microtearing and progressive 
degeneration of the common extensor origin at the attach-
ment to the lateral epicondyle. During the past 10 years, sev-
eral injection techniques have become available with positive 
results [ 37 ]. As far as HA is concerned, an important study, 
involving 341 competitive tennis athletes, has been per-
formed. The patients were assigned randomly to HA and pla-
cebo group (treated with saline). Two injections (at baseline 
and a week later) were done blindly into the subcutaneous 
tissue and muscle, 1 cm from the lateral epicondyle toward 
the primary point of pain, using a two-dimensional fanning 
technique. Periarticular HA treatment was signifi cantly bet-
ter than control, after 1, 3, and 12 months, in improving pain 
at rest and after maximal grip testing. Moreover, HA treat-
ment was deemed highly satisfactory by patients and physi-
cians and resulted in better return to pain-free sport compared 
to controls [ 38 ]. Unfortunately, comparisons of HA with 
other available therapies (corticosteroids, platelet-rich 
plasma, prolotherapy, etc.) are still lacking [ 37 ].   

    Conclusions 

 On the basis of the published trials, viscosupplementation 
therapy with HA may be considered a safe and effective 
method in the management of OA occurring in athletes. 
The effi cacy seems more limited in tendon disorders, and 
new trials are needed for a better selection of patients who 
can benefi t from the treatment. This conclusion derives 
from studies specifi cally performed in subjects, both pro-
fessional and amateurs, practicing sport activities, and 
indirectly from trials, where young subjects with overuse 
and/or post- traumatic joint and tendon damage were 
included. 

 Patients with mild morphological alterations and with 
preserved articular space are more responsive to treatment 
[ 39 ], while the results are less encouraging in patients 
with severe OA (Kellgren-Lawrence [K-L] IV). This is 
indirectly confi rmed by the evolution of the serum levels 
of specifi c OA biomarkers (Coll2-1 and Coll2-1 NO2) 
after viscosupplementation. Indeed, the serum concentra-
tions of the biomarkers are signifi cantly higher in K-L III/

IV patients compared to K-L I/II patients and signifi cantly 
lower at baseline in responders than in nonresponders 
[ 40 ]. 

 The published data suggest that intra-articular joint 
HA injections are more effective in younger patients, 
especially in the long term, whereas the results are less 
promising in older athletes. 

 The use of HA can be recommended as fi rst-line ther-
apy, or when corticosteroids and nonsteroidal anti-infl am-
matory drugs are ineffi cacious, contraindicated or badly 
tolerated. Viscosupplementation signifi cantly reduces 
pain within 3 months, and this benefi cial effect is main-
tained in the long term (12–18 months). The articular 
function improves, and, therefore, patients can rapidly 
come back to sports activities. Only a few trials have 
shown a very early improvement, which has been related 
to the lubricating effect of hyaluronate in “dry” joints, as 
reported in studies of viscosupplementation in knee OA, 
and/or to a short-term placebo effect [ 41 ]. 

 The biological activity, shown by LMW and HMW 
HA preparations, is similar. However, an advantage of 
HMW HA may be the reduced number of the injections 
needed to obtain the therapeutic effect. 

 When the therapy is delivered by appropriately trained 
doctors, viscosupplementation is a safe procedure, without 
any systemic or local side effect, excluding the possible 
pain of the injection and a sensation of heaviness for a few 
hours/days after treatment. It is likely that adverse reac-
tions may occur when injection is not properly performed. 
Indeed, they are more frequent in studies performed in 
blind conditions compared to those performed under 
imaging guidance. Vascular or nervous complications 
were never reported, and septic arthritis or aseptic synovial 
effusion occurred in a very limited number of cases.     
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      Abbreviations 

   ACL    Anterior cruciate ligament   
  ACS    Autologous conditioned serum   
  AOFAS score    American Orthopaedic Foot and Ankle 

Society score   
  DASH score    Disabilities of the Arm, Shoulder and Hand 

score   
  MRI    Magnetic resonance imaging   
  PRP    Platelet-rich plasma   
  RC    Rotator cuff   
  VAS score    Visual analog scale score   
  VISA-A    Victorian Institute of Sport Assessment- 

Achilles questionnaire   
  VISA-P    Victorian Institute of Sport Assessment for 

patellar tendinopathy questionnaire   
  WADA    World Anti-Doping Agency   

56.1           Introduction 

 Musculoskeletal injuries are one of the most common causes 
of severe long-term pain and physical disability in sports 
medicine [ 1 ]. Healing of these injuries is often too slow and 
sometimes incomplete, decreasing performance of athlete 
and long-standing pain and discomfort [ 2 ]. The  progressive 
understanding of mechanisms required for  successful tissue 
repair has set the basis for the possibility of making injured 
tissues heal faster. Among the emerging technologies for 
enhancing and accelerating tissue healing, one of the most 
popular methods in the fi elds of orthopedic surgery and 
sports medicine includes the use of autologous blood prod-
ucts, particularly platelet-rich plasma (PRP). PRP is an 
autologous concentration of human platelets to supraphysi-
ologic levels. It is produced from a patient’s peripheral vein 
and centrifuged to achieve a high concentration of platelets 
within a small volume of plasma. It is then injected at a site 
of injury or inserted as a gel or other biomaterials during 
surgery [ 3 ]. Because of its autogenous origin, easy prepara-
tion, excellent safety profi le, and reduced cost of platelet- 
based preparations, the advent of PRP is highly attractive for 
sports medicine where a fast recovery and return to competi-
tions are often critical outcomes in patient care [ 4 ]. In the 
following paragraphs are presented some of the most inter-
esting current approaches in the treatment of acute and 
chronic sports injuries.  

56.2     Tendinopathy 

56.2.1     Elbow Tendinopathy 

 Epicondylar tendinosis is frequent in athletes who perform 
repetitive wrist motions and strong gripping. PRP has 
 advantages in the treatment of tennis elbow as demonstrated 
for the fi rst time by Mishra and Pavelko in 2006. In this 
cohort study, the authors reported a clinical decrease of pain 
after PRP treatment in 15 patients having severe chronic 
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 tendinopathy of the elbow. The test group was compared to a 
control group of fi ve patients receiving local anesthesia only. 
The patients were observed for 24 months. After 8 weeks of 
treatment, they noticed a 60 % improvement in pain scores 
for patients treated with PRP compared to 16 % improve-
ment in control patients. At fi nal follow-up, the PRP group 
reported 93 % reduction in pain. Although this study lacked 
a complete randomization and presented a reduced number 
of patients, the long follow-up and the absence of complica-
tions showed an excellent safety profi le for PRP as a poten-
tial treatment option for sports-related injuries [ 5 ]. Perbooms 
et al. performed a double-blind randomized controlled trial 
of 100 patients undergoing lateral epicondylitis treatment 
with PRP (51 patients) or with corticosteroid (49 patients). 
They observed that a single injection of PRP signifi cantly 
reduced pain (visual analog scale (VAS) score) and improved 
function (Disabilities of the Arm, Shoulder and Hand 
(DASH) score) at 6 months and 1 year follow-up better than 
corticosteroid treatment and without any complications [ 6 ]. 
Creaney and colleagues most recently published results of a 
prospective single-blind randomized trial on the effi cacy of 
two types of blood injections. A group of 150 patients with 
elbow symptoms resistant to conventional treatment received 
either PRP injections or autologous conditioned plasma. The 
injections were repeated twice and both groups were com-
pared. Unfortunately, there was no placebo control group. In 
both groups, they reported marked reduction in pain and 
increase in function but without any signifi cant difference 
between groups after 6 months of follow-up [ 7 ].  

56.2.2     Achilles Tendinopathy 

 Overuse injury of the Achilles tendon is a frequent problem 
that often affects sportsmen but also sedentary middle-aged 
individuals. Patients with Achilles tendinopathy who have 
failed physical therapy and multiple modalities of conserva-
tive treatment are candidates for PRP injections. 

 DeVos and colleagues were the fi rst to use the PRP in the 
treatment of the Achilles tendon. In this randomized con-
trolled double-blind study, 54 patients with mid-portion 
Achilles tendinosis were randomized to receive either 
injection with PRP or with saline associated with eccentric 
gymnastic exercises. As a result of the treatment, pain 
decreased, and functional scores, such as Victorian Institute 
of Sport Assessment-Achilles questionnaire (VISA-A), 
improved signifi cantly in both groups. Even if results in the 
PRP group were somewhat higher, no statistical signifi -
cance was found after 6 months between the two groups. 
There was also no difference in patient satisfaction or in the 
time taken to return to sport. Importantly, no relevant side 
effects were identifi ed [ 8 ]. The same investigators subse-
quently extended the follow- up to 1 year, without fi nding 

any supplementary PRP benefi t. Localized bleeding caused 
by the injecting syringe might have triggered the tissue 
healing process. A positive response could also be due to a 
placebo effect, as invasive procedures lead to higher expec-
tancy of good results. Finally, in both groups, ultrasound 
showed that tendon structure and neovascularization 
improved signifi cantly, without any group differences after 
6 and 12 months. One of the main reasons for the absence 
of group differences is certainly the fact that standardized 
eccentric exercise training has already been shown to 
improve actual tendon structure [ 9 ]. Monto et al. treated 30 
patients with Achilles tendinopathy who had failed 8 
months of conservative treatment and physical therapy. The 
treatment involved the injection of PRP under ultrasound 
guidance. The pretreatment American Orthopaedic Foot 
and Ankle Society (AOFAS) score averaged 34, indicating 
signifi cant pathology. AOFAS score increased from an 
average of 34 to 92 after 6 months of treatment. Ninety- 
three percent of patients were fully satisfi ed [ 10 ]. Gaweda 
and colleagues conducted a prospective case series on the 
effi cacy of use of PRP injections in the treatment of a non- 
insertional Achilles tendinopathy. The authors showed that 
a single injection of PRP, under ultrasound guidance, deter-
mined a signifi cant improvement of AOFAS and VISA-A 
scores in 14 patients (15 Achilles tendons) for up to 18 
months [ 11 ]. Sanchez et al. showed a shorter time in the 
recovery of motion and return to sporting activities in ath-
letes undergoing Achilles tendon surgical repair with aug-
mentation of PRP than the control group. Controls were 
treated with an identical surgical procedure performed by 
the same surgeon, but they did not receive PRP during sur-
gery. A fi brin scaffold was used in addition to PRP. The 
authors observed no wound complication and a faster return 
to jogging and training activities [ 12 ].  

56.2.3     Patellar Tendinopathy 

 Jumper’s knee (patellar tendinopathy) is common in athletes 
of sport disciplines where jumping is frequent, e.g., basket-
ball, soccer, and volleyball. This pathology is characterized 
by angiofi broblastic hyperplastic changes within the sub-
stance of the tendon, which is typically located at the bone–
tendon junction of the inferior pole of the patella. 

 Volpi and colleagues were the fi rst to introduce a PRP 
injection to accelerate healing in chronic patellar tendinopa-
thy of eight professional athletes. Participants, recalcitrant to 
conservative measures, received a single injection of PRP 
and were observed for 4 months, but only seven patients 
received a follow-up examination. The authors found a sig-
nifi cant improvement of the VISA scores after the infi ltration 
of PRP under ultrasound guidance. Furthermore, the nuclear 
magnetic resonance imaging (MRI) showed a reduction of 
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irregularities in the tendon [ 13 ]. In a recent report, Kon et al. 
reported similar results in a case series for the treatment of 
20 patients who experienced recurrent patellar tendinopathy 
symptoms, over a 20-month period. Participants received 
three PRP injections within 1 month, showing statistically 
signifi cant improvement in pain and physical function at 6 
months follow-up [ 14 ]. Filardo et al. had good results with 
the use of PRP (type 1) for chronic patellar tendinopathy in 
15 athletes [ 15 ]. Recently, a prospective study evaluated the 
infl uence of previous treatments on the effectiveness of PRP 
injections in 36 patients with chronic patellar tendinopathy. 
Assessment was done before and after injection of PRP using 
the Victorian Institute of Sport Assessment for patellar tendi-
nopathy (VISA-P) questionnaire and VAS score. The fi rst 
group (14 patients) had been treated with cortisone, eth-
oxysclerol, and/or surgical treatment before the injection, 
while the second group (22 subjects) had not received such 
treatments. A statistically signifi cant improvement in both 
groups at 18 months was found but larger in the group with-
out previous treatments. Thus, this study opens the question 
about a relationship between prior treatment and effi cacy of 
PRP injections [ 16 ].   

56.3     Rotator Cuff Tears 

 Rotator cuff (RC) injuries are a common source of shoulder 
pathology and result in an important decrease in quality of 
patient life. These tears mainly occur among individuals who 
constantly participate in overhead activities, such as swim-
ming, baseball, football, tennis, or racquetball. Given the fre-
quency of these injuries due to the population age increase, 
as well as the relatively poor result of surgical intervention, 
the use of PRP to improve RC tendon healing and clinical 
outcome has become more appealing over the last several 
years [ 17 ,  18 ]. Although confl icting results on the effective-
ness of PRP use in RC tendon repair surgery were produced, 
making it now diffi cult to draw defi nitive conclusions, litera-
ture data suggest a benefi cial effect on healing of arthroscop-
ically repaired small and medium RC lesions (retear rate 
7.9 % among patients treated with PRP, compared to 26.8 % 
of those treated without PRP) [ 19 ]. Furthermore, no compli-
cations have been reported from surgical use of PRP, with the 
exception of two cases of infection [ 20 ]. Therefore, it cur-
rently seems that PRP may improve healing of arthroscopi-
cally repaired small and medium RC lesions, which appear 
more prone to a biological response to treatment with growth 
factors [ 21 – 25 ]. 

 In spite of this popularity and increasing use in clinical 
settings, we have found only two randomized controlled tri-
als evaluating the use of PRP injections in RC tendinopathy 
reporting confl icting results [ 26 ,  27 ]. Further prospective 
randomized controlled trials (level 1 evidence) are necessary 

to defi ne the role of PRP in healing process when applied 
during RC arthroscopic repair and of PRP injections in the 
subacromial space for treatment of RC tendinopathies.  

56.4     Ligament Injuries 

56.4.1     Anterior Cruciate Ligament 

 Anterior cruciate ligament (ACL) injuries are usually trau-
matic and sports related. Success rates of ACL reconstruc-
tion surgery vary between 73 and 95 %, and the rate of return 
to the preinjury level of activity varies from 37 to 75 % [ 28 ]. 
There has been increasing interest in improving these results, 
especially in the presence of graft failures. By acceleration of 
the biological integration of the graft by the use of PRP, 
patients could potentially advance through more intensive 
rehabilitation programs and return to sports more rapidly 
than patients treated with traditional surgical protocols. 

 In general, studies on ACL reconstruction focus more on 
the osteo-integration of ACL grafts and less on the graft 
itself. There have been a number of confl icting studies in 
humans; however, differences in techniques, type of PRP, 
and outcomes make direct comparison diffi cult. Radice 
et al., in a prospective single-blinded MRI study, have 
recently shown a 48 % reduction in the time needed to 
achieve a complete homogeneous graft signal, in 100 patients 
undergoing surgical ACL reconstruction with addition of 
PRP versus controls [ 29 ]. Also a case-control study indi-
cated that the addition of PRP to ACL reconstruction led to 
improved graft remodeling and resulted in more mature graft 
tissue, based on arthroscopic and histologic evaluation [ 30 ]. 
Orrego and colleagues have also obtained similar results at 6 
months of follow-up in patients treated with PRP. The 
authors reported a signifi cant mature graft signal (100 %) in 
MRI from PRP group with respect to the control group, but 
did not fi nd statistical differences in the osteoligamentous 
interface [ 31 ]. Not all studies, however, support the use of 
PRP to augment ACL healing. Silva et al. reported no differ-
ences in graft appearance at 3 months between patients 
treated with PRP and the control group. This study, however, 
did not use any scaffold [ 32 ]. Nin et al., in a prospective ran-
domized double-blind study, did not show statistically sig-
nifi cant difference in clinical and infl ammatory parameters 
in patients treated with the addition of PRP in primary ACL 
reconstruction with allograft at 2 years of follow-up [ 33 ].   

56.5     Muscle Injuries 

 Muscle strain and contusion injuries are common in sports 
and result in time loss from training and competition. 
However, despite advances in rehabilitation programs, 
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 re- injury rates remain high. Historically, the management of 
muscle injuries has involved the use of various stretching and 
strengthening regimes underpinned by a graduated return to 
activity and subsequent return to sporting competition. These 
management strategies lack sound scientifi c support. Since 
the rapid return to functional activity and minimization of 
recurrence is the goal of any management intervention, PRP 
therapies represent a valid alternative to conventional 
approaches, because of the promise of accelerating muscle 
healing and reducing a player’s injury time. Statistical power 
to support clinical evidence in humans is generally weak, 
due to the lack of methodologically robust studies. In effect, 
no randomized controlled studies conducted in humans 
could be identifi ed, and only three other studies were per-
formed on small samples with only few valuable controls. 

 The fi rst description in humans did not strictly use PRP 
but rather autologous conditioned serum (ACS). Eighteen 
professional athletes suffering from muscle strains were 
treated by ACS muscle injection and compared with 11 ath-
letes with similar injuries and previously treated by Actovegin 
or Traumeel injections. The study reported a signifi cant 
reduction in return-to-fi eld days (16 versus 22) but presented 
numerous limitations: small sample size, non-blinded, atypi-
cal controls, variable injury sites, and absence of long-term 
follow-up [ 34 ]. Two other case reports showed the return to 
sporting activities only 3–4 weeks after injury [ 35 ,  36 ]. Only 
one report evaluating PRP for muscle injuries is currently 
available. Sanchez et al. prospectively evaluated ultrasound- 
guided injections of PRP in 22 muscle injuries in 20 high- 
level professional athletes. The authors reported full 
functional recovery in all patients in half the time expected, 
and no fi brosis was seen [ 30 ].  

56.6     PRP and Doping 

 The use of PRP in elite athletes has been discussed for a long 
time due to its content of growth factors that may be consid-
ered doping violation. The World Anti-Doping Agency’s 
(WADA) mission is to lead a collaborative worldwide cam-
paign for doping-free sport. Every year, WADA creates a list 
of substances and practices which are prohibited for use in 
competition, out of competition, and in particular sports. 
According to the World Anti-Doping Code, a substance or 
method is considered “doping” when two out of three criteria 
are fulfi lled: (1) potential for performance enhancement, (2) 
risks to health, and (3) violates the spirit of sport. In 2010, 
PRP was specifi cally mentioned in the prohibited list for the 
fi rst time and intramuscular PRP injections were prohibited. 
All other ways of administration, such as intra-articular and 
intra- or peritendinous, were permitted and required only a 
declaration of use. Growth factors are permitted only when 
part of platelet-derived preparations from the centrifugation 

of autologous whole blood. There was a concern by the 
WADA List Expert Group that growth factors contained in 
PRP may stimulate muscle satellite cells and increase mus-
cular size and strength (beyond normal healing). However, 
the different PRP formulations and treatment methodologies, 
as they exist now, have not been found to increase muscle 
growth beyond return to a normal physiological state. There 
is a suggestion, but no compelling evidence, of systemic 
effects. The risk of adverse reactions (fi brosis, infection, car-
cinogenesis) is theoretical and has not been documented 
clinically. Hence, because the use of PRP injections for ther-
apeutic purposes does not violate the spirit of sport, the pro-
hibition for intramuscular injection of PRP has been removed 
from the 2011 prohibited list. This was an important issue to 
render the athletes treated with PRP therapy eligible for ath-
letic participation.  

    Conclusion 

 The advent of regenerative medicine, aiming to rapidly 
translate the science into patient care using patients’ own 
resources, has opened the door to new approaches. The 
biosafety and versatility of PRP approach has inspired 
and stimulated its therapeutic use in a wide range of medi-
cal and scientifi c fi elds and to an outstanding degree in 
orthopedics and sports medicine. Many studies assessed 
the effect of PRP on the musculoskeletal system during 
the last decade. Further studies are required to delineate 
correct dosage, timing, and quantifi cation, as well as ideal 
techniques of PRP application, to understand the effect of 
PRP on the regenerative and healing processes of a given 
soft tissue and therefore support the use of PRP in clinical 
practice. However, PRP should not be considered fi rst-
line treatment. It takes 4–6 months to synthesize new ten-
don, so in sports settings, PRP should not to be considered 
an “in-season” treatment for chronic tendinopathy [ 37 ]. 
PRP and the fi eld of regenerative treatments may serve to 
fortify the arsenal of nonoperative management of sports 
injuries, as well as have a role as an adjunct to improve 
postoperative healing.     
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57.1             Introduction 

 Chondral and osteochondral injuries occur frequently in ath-
letes, thus determining a higher risk of developing premature 
knee osteoarthritis (OA) with respect to the general population 
[ 1 ,  2 ]. Flanigan et al. [ 1 ] recently showed a mean 36 % preva-
lence of full-thickness focal chondral defects in athletes; more-
over, Walczak et al. [ 3 ] found knee cartilage abnormalities in 
89 % of asymptomatic professional basketball players using 
magnetic resonance imaging (MRI). Furthermore, it is well 
documented that articular cartilage lesions in a sports popula-
tion commonly arise with concomitant injuries: meniscal 
(47 %) or anterior cruciate ligament (30 %) tears and medial or 
lateral collateral ligament tears (14 %) are the most commonly 
associated conditions [ 1 ]. Although the pathogenesis of early 
OA has not been clarifi ed, it is recognized that traumatic inju-
ries and chronic joint stress due to high-impact sports can lead 
to an unfavorable biomechanical environment, thus altering the 
natural homeostasis of articular cartilage [ 4 ]. Unfortunately, 
chondral injuries do not heal spontaneously and, if untreated, 
might cause a progression of joint degeneration with associated 
pain and functional limitation, which in turn will impede par-
ticipating in sport and lead to disability [ 2 ,  5 – 7 ]. 

 For such reasons, when treating young competitive ath-
letes affected by articular cartilage defects, it is even more 
important to obtain the most effective and durable joint sur-
face restoration, since the regenerated tissue must be able to 
withstand the signifi cant joint stresses generated during 
sports activity [ 7 – 9 ]. 

 Techniques such as microfractures (MF) and mosaicplasty 
can successfully permit the athlete with articular cartilage 
injury to return to high-impact sports. MF represents the most 
frequently applied surgical approach in the clinical practice 
[ 10 ] and consists of arthroscopic bone marrow stimulation 
aimed at forming a clot of fi brin and precursor cells migrating 
from the adjacent bone marrow. Although the minimal inva-
siveness of this technique allows an early return to activity, it 
has been shown that this procedure offers mainly short-term 
benefi ts but tends to fail to provide long- lasting results, prob-
ably because of the poor mechanical properties of the newly 
formed fi brous tissue [ 11 – 13 ]. Mosaicplasty consists of the 
transplantation of osteochondral autologous cylinders har-
vested from a low weight- bearing area and implanted in the 
defect site by a press-fi t technique [ 14 ]. Unfortunately, despite 
the positive results documented in the literature and the high 
percentage of return to sports activity [ 15 ], the issue of donor-
site morbidity limits the indication of this technique for 
lesions smaller than 2–3 cm 2  [ 9 ]. 

 Therefore, novel treatment concepts and techniques have 
been developed to overcome the limits of the classic 
approaches. Regenerative procedures are emerging which 
aim at restoring the articular cartilage defect by producing a 
high qualitative repair tissue, as similar as possible to the 
hyaline physiological one, and to allow immediate postop-
erative rehabilitation, which is directly correlated both with 
the short-term outcome and longer-lasting results [ 16 – 18 ]. 

 This review briefl y illustrates modern surgical strategies 
for articular cartilage regeneration, particularly focusing on 
scaffold-based procedures and the evidence for their use in 
athletic patients.  

57.2     Articular Cartilage Scaffolds 

 Besides the satisfactory results obtained with the fi rst genera-
tion of autologous chondrocyte implantation (ACI) in isolated 
femoral condyle lesions [ 19 ], numerous developments have 
been introduced taking advantage of bioengineering. In fact, 
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fi rst-generation ACI presented several biological and surgical 
concerns, which led to the development of the so- called 
“matrix-assisted” autologous chondrocyte transplantation 
(MACT) [ 20 ]. Scaffolds are a temporary three-dimensional 
structure of biodegradable polymers, which are supposed to 
promote the growth of living cells and the maintenance of the 
differentiated chondrocyte phenotype and promote a more 
homogeneous distribution while avoiding the risk of chon-
drocyte leakage [ 21 ]. Moreover, the solid structure and easy 
handling of these engineered tissues allow a minimally inva-
sive surgical application and then an early postoperative reha-
bilitation, which can favor and accelerate functional recovery 
[ 16 ,  22 ]. 

 The ideal scaffold should fulfi ll a set of chemical, bio-
chemical, and biophysical requirements able to meet several 
demands: it should consist of materials with controlled bio-
degradability or bioresorbability, characterized by adequate 
interconnecting pores to promote tissue integration and 
desired mechanical properties to match the site of implanta-
tion and handling; moreover, appropriate surface chemistry 
might promote cell attachment, proliferation, and differenti-
ation. Finally, scaffolds should not induce adverse reactions 
and also be easily manufactured into a variety of shapes and 
sizes [ 23 ]. All these requirements explain why, despite the 
concept of “scaffolding” to support cells to infi ltrate and 
regenerate the local tissue was fi rstly introduced more than 
one century ago [ 23 ], the introduction of scaffolds into clini-
cal practice began only in recent decades [ 20 ]. Designing a 
material able to guide the tissue regeneration process is chal-
lenging, but advances in the fi eld of molecular biology and 
material science have led to the development of numerous 
biomaterials [ 23 ]. Among the several scaffolds proposed in 
an attempt to better fulfi ll the requirements for cartilage 
regeneration, there are substantial differences regarding the 
materials chosen (natural or synthetic) and their physical 
forms (fi bers, meshes, gels). Natural materials (hyaluronic 
acid, collagen derivatives, agarose, alginate, fi brin glue, and 
chitosan) have good biocompatibility, enhance cell prolifera-
tion, and are processed in a reliable and reproducible way. 
Concerning synthetic matrices, they are commonly made of 
polylactides, including polylactic and polyglycolic, and 
innovations in the chemistry of these materials have improved 
their biocharacteristics and biocompatibility. 

 Unfortunately, concerns about cell-based strategies, such 
as cost and time consumption because of the ex vivo cell pro-
cessing [ 21 ], oriented research efforts toward different alter-
native solutions, developed to avoid manipulation of cells 
and the inherent regulatory obstacles. As an example of these 
new strategies, some scaffolds may have a potential them-
selves to promote tissue regeneration by exploiting the self- 
regenerative potential of the body. Thus, the use of cell-free 
scaffolds is the most recent trend nowadays. In fact, one-step 
cell-free approaches avoid problems related to the ex vivo 

chondrocyte culture and expansion in a scaffold, with marked 
advantages both from surgical and economic perspectives. 
The possibility of a cell-free implant, “smart” enough to pro-
vide the joint with the appropriate stimuli to induce orderly 
and durable tissue regeneration, is attractive, and new bioma-
terials and surgical strategies have been recently proposed to 
induce in situ cartilage regeneration after direct transplanta-
tion onto the defect site [ 24 ,  25 ]. Moreover, increasing 
awareness about the role of the subchondral bone in the 
pathogenesis of joint degeneration and early OA progression 
has led to the development of bilayer products to treat the 
entire osteochondral unit, thus reproducing the different bio-
logical and functional requirements for guiding the growth 
of both bone and cartilage tissues. In particular, this strategy 
becomes crucial when treating large chondral or osteochon-
dral articular defects [ 24 ,  26 ]. 

 Among the numerous osteochondral scaffolds developed 
and tested preclinically, only two have been reported for 
their clinical application [ 21 ]. One is a bilayer porous PLGA-
calcium- sulfate biopolymer (TruFit ® , Smith & Nephew, 
Andover, MA) in cylinder form, conceived as an alternative 
for mosaicplasty plugs [ 27 ,  28 ]. The second one is a three- 
layered nanostructured biomimetic collagen hydroxyapatite 
scaffold (MaioRegen ® , Fin-Ceramica, Faenza, Italy) com-
posed of the following: (1) a cartilaginous layer, consisting 
of type I collagen, with a smooth surface; (2) an intermediate 
layer, a combination of type I collagen (60 % of weight) and 
Mg-hydroxyapatite (HA) (40 % of weight); and (3) a lower 
layer that consists of a mineralized blend of type I collagen 
(30 % of weight) and Mg-HA (70 % of weight). Preclinical 
studies tested the safety and effectiveness of the implant to 
promote cartilage and bone tissue formation. A comparative 
analysis showed similar macroscopic, histological, and 
radiographic results for the scaffold either loaded with autol-
ogous chondrocytes or implanted alone, thus suggesting its 
ability to induce an in situ regeneration through cells coming 
from the surrounding bone marrow in the animal model and 
led to its introduction in the clinical practice as a cell-free 
approach [ 29 ,  30 ].  

57.3     Clinical Evidence in Scaffold 
Application 

 MACT techniques were introduced in 1998 to improve the 
intrinsic limits of the traditional ACI technique. Their appli-
cation was initially proposed for use in the knee joint, with a 
considerable number of clinical studies subsequently 
reported, and these techniques are more recently being 
applied also for the treatment of articular cartilage lesions in 
other joints [ 31 ]. However, only a few of these studies deal 
with long-term outcomes [ 32 ]. Filardo et al. [ 33 ] treated a 
series of 62 patients (48 M, 14 F, mean age 28.1 ± 11.4 years) 
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with hyaluronan-based MACT (Hyalograft C ® , Fidia, Padova, 
Italy) for chondral lesions (ICRS grade III–IV, mean size 
2.5 ± 1.0 cm 2 ) at the femoral condyles and prospectively eval-
uated them at 7 years’ follow-up. A statistically signifi cant 
improvement was observed in all the clinical scores from the 
basal evaluation to 84 months’ follow-up. The IKDC subjec-
tive score increased from 39.6 ± 15.0 to 73.6 ± 18.8 at 12 
months ( p  < .005), and a further slight improvement was 
observed at 24 months’ follow-up (76.5 ± 20.7, ns), then the 
results were stable up to 77.3 ± 21.5 at fi nal follow-up. 
Postoperative MRIs were performed in 42 cases, revealing a 
complete fi lling of the cartilage defect in 57 %. Further analy-
sis showed that young men with higher pre-injury activity 
level reached better outcomes, whereas patients with degen-
erative lesions had worse results. Ibarra et al. documented a 
different arthroscopic approach based on matrix-encapsulated 
chondrocytes which obtained a positive clinical outcome in 
ten patients at 36 months [ 34 ]. Positive fi ndings were con-
fi rmed by MRI using the MOCART score and T2 mapping 
quantitative evaluations, and patients were allowed to reach a 
satisfactory activity and sports level, as shown by the 5.8 
mean Tegner score at 24 months, which remained stable at the 
fi nal follow-up of 3 years [ 34 ]. 

 In 2012, Kon et al. performed a comparative study to eval-
uate whether the regenerative cell-based approach allows 
highly demanding athletes a better functional recovery com-
pared with the bone marrow stimulation [ 35 ]. Forty-one pro-
fessional or semiprofessional male soccer players were 
treated and evaluated prospectively at 2 years and at a mean 
of 7.5 years’ follow-up (minimum 4 years). Twenty-one 
patients received an arthroscopic MACI (Hyalograft C ® ), 
and 20 were treated with MF. Both groups had a signifi cant 
improvement in all the scores used from preoperative evalu-
ation to fi nal follow-up. The IKDC subjective score showed 
similar results at 2 years, but the MACI group had a signifi -
cantly better outcome at the fi nal follow-up. In the MF group, 
the results decreased over time (from 86.8 ± 9.7 to 79.0 ± 11.6, 
 p  < .0005), whereas the Hyalograft C ®  group presented a 
more durable outcome, with stable results (90.5 ± 12.8 at 2 
years and 91.0 ± 13.9 at fi nal follow-up). Concerning the 
return to sports activity, 80 % of the patients treated with MF 
returned back to their previous level, playing the fi rst offi cial 
soccer game after a median of 8 months; in the Hyalograft 
C ®  group, 86 % of patients were back to previous level com-
petitions in a median time of 12.5 months ( p  = .009). Despite 
the similar success rate in returning to competitive sport, it 
can be assumed that MF allows a faster recovery but presents 
a clinical deterioration over time, whereas arthroscopic 
MACT might delay the return of high-level male soccer 
players to competition, but at the same time offering a more 
durable clinical improvement. Moreover, MACT procedures 
might offer encouraging outcomes even for the treatment of 
patellofemoral full-thickness chondral defects, which are 

considered one of the most challenging lesions to treat. 
A study on 38 active patients treated with the same 
hyaluronan- based MACT showed a signifi cant improvement 
in the clinical scores evaluated 2 and 5 years after surgery 
and a return to a satisfactory sports activity level, as evalu-
ated by the Tegner score [ 36 ,  37 ]. 

 This approach has even been tested for the treatment of 
degenerative lesions of the articular surface and gave encour-
aging clinical results but with a lower improvement and a 
higher number of failures with respect to patients affected by 
traumatic injuries [ 38 ]. Therefore, in recent years the focus 
on this kind of articular surface defects, usually linked to an 
altered joint environment, has extended to the role of the sub-
chondral bone. Biphasic scaffolds were introduced to address 
both the cartilage and the subchondral bone issues. Currently, 
the use of just two scaffolds of this kind has been reported in 
the literature. The fi rst one, a bilayer porous PLGA-calcium- 
sulfate, produced controversial results and thus is being 
abandoned in the clinical practice [ 39 ,  40 ]. 

 Conversely, the implantation of the second one, a three- 
layered nanostructured biomimetic scaffold (MaioRegen ® ), 
is showing promising clinical results. A pilot study published 
by Kon et al. [ 41 ] involved 27 patients with chondral or 
osteochondral knee lesions (size 1.5–6.0 cm 2 ), which were 
treated with this osteochondral scaffold. The clinical evalua-
tion performed prospectively for up to 60 months of follow-
 up showed a signifi cant improvement in all clinical scores 
from basal evaluation to 24 months’ follow-up, and the 
results were then stable over time. Furthermore, an MRI 
evaluation was performed on 23 lesions at both 24 and 60 
months’ follow-up, to assess the graft’s appearance over 
time. The MOCART [ 42 ] score and a specifi cally designed 
score were used to assess the status of cartilage and subchon-
dral bone, respectively. Both scores showed a signifi cant 
improvement between the 2 follow-up times, even though no 
correlation with the clinical outcome was found. In detail, a 
complete integration of the graft was observed in 69.6 % of 
the cases, the repair tissue surface was intact in 60.9 %, and 
the structure of the repair tissue was homogeneous in 60.9 % 
at fi nal follow-up. Further analysis, performed to investigate 
which patient characteristics might interfere with the 
 outcome and recovery time, showed that active patients had 
a faster recovery compared to nonactive ones [ 24 ], even 
though they reached a similar fi nal result. The effectiveness 
of such regenerative osteochondral technique has been suc-
cessively confi rmed also for the treatment of patients affected 
by osteochondritis dissecans (OCD), with a signifi cant clini-
cal improvement at 2 years’ follow-up [ 43 ]. 

 Following these promising results, the potential of this 
regenerative one-step procedure was tested also for the treat-
ment of complex knee lesions, which more frequently occur 
in active or former athletes. A preliminary result showed the 
outcome of a 46-year-old active former soccer player, who 
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previously underwent anterior cruciate ligament (ACL) 
reconstruction. The osteochondral scaffold was implanted in 
four degenerative lesions at the medial femoral condyle 
(MFC), trochlea, and patella, in combination with closing- 
wedge high tibial osteotomy (HTO) to address varus mis-
alignment [ 44 ], and positive fi ndings were reported after 24 
months, when the patient was pain-free and had almost fully 
recovered. A similar approach was applied to treat multifocal 
degenerative knee lesions in an Olympic-level woman ath-
lete. A complex combined treatment was performed: implan-
tation of the scaffold, autologous osteochondral grafting, 
patellar realignment, and meniscal allograft transplantation 
to address both joint surface lesions and associated comor-
bidities. The patient was able to return to high-level competi-
tion within 24 months postoperatively [ 45 ]. The validity of 
this combined biological and biomechanical approach was 
further investigated on 43 patients affected by unicompart-
mental OA (Kellgren-Lawrence grade 3) with full-thickness 
focal cartilage lesions in stable joints. Even in this larger 
cohort of patients, signifi cant improvements were found in 
clinical outcome and activity level evaluations [ 46 ]. Other 
research groups also reported positive results using the same 
technique: Delcogliano et al. treated 19 patients for large 
lesions of the condyles and obtained a satisfactory clinical 
outcome and good function recovery at 24 months’ follow-
 up, as confi rmed by the Tegner score 5 (range 1–7); however, 
the patients did not reach their pre-injury activity level [ 47 ]. 
Berruto et al. showed similar results in a wider group of 49 
patients affected by large lesions. Interestingly, a subanalysis 
of a subgroup of competitive athletes showed a signifi cantly 
greater improvement ( p  < .001) in the subjective IKDC 
(86.5 ± 13.2) with respect to the nonathletic one 
(69.03 ± 19.41) at 24 months’ follow-up [ 48 ]. Finally, a com-
parative study showed the application of this regenerative 
technique for the treatment of “complex cases” defi ned by 
the presence of at least one of the following characteristic: 
previous history of intra-articular fracture, tibial plateau 
lesion, concurrent knee axial realignment procedure, menis-
cal scaffold, or allograft implantation. Thirty-three patients 
(24 men, 9 women) were treated by implanting this osteo-
chondral scaffold and, when needed, combined procedures 
to address axial misalignment and meniscal resection 
sequelae. Patients were prospectively followed up at 12 and 
24 months, and a positive trend of improvement was revealed 
by all the scores used. These results were then compared 
with those of a homogeneous group of 23 patients previously 
treated and prospectively evaluated after the implantation of 
a chondral scaffold (MACT), which showed a signifi cantly 
better outcome when the osteochondral approach was used 
for the treatment of complex lesions [ 49 ]. 

 To conclude, it is important to highlight that an adequate 
rehabilitation program is crucial to optimize the results of 
 cartilage surgery, since it may enhance cartilage repair and 

maturation, thus improving functional recovery and the ability 
to prevent the risk of reinjury [ 50 ]. A comparative analysis 
performed on 31 competitive athletes and 34 nonathletic 
patients treated by MACT showed that intensive rehabilitation 
might allow a faster return to sport in safety and even infl uence 
positively the clinical outcome in the midterm follow- up [ 16 ]. 

 Currently available scaffolds showed promising results 
and offered new options to treat successfully both the trau-
matic chondral lesions in young athletes and their sequelae 
in former athletes. However, this treatment is still in its 
infancy and results are still preliminary. High-level studies 
should compare results with those of the more traditional 
procedures and identify the most appropriate indication cri-
teria, and research should focus on the optimization of these 
surgical strategies to speed up and further improve the recov-
ery of sports-active patients.  

    Conclusions 

 High-level athletes are exposed to an increased risk of 
joint injury, involving not only ligaments and menisci but 
also chondral and osteochondral structures. The repair of 
full- thickness articular cartilage defects with hyaline or 
hyaline- like tissue is essential to achieve a durable func-
tional articular surface in the long term of such a demand-
ing population. Of course, to optimize the fi nal outcome, 
it is important not only to repair the osteochondral unit, 
but it is also crucial to restore the overall joint biome-
chanics, including the treatment of deformities, stability 
defi cit, and menisci. Once the biomechanical environ-
ment is addressed, the osteochondral treatment can be 
performed with a better chance of success. Finally, out-
come is determined not only by surgeons but also by an 
adequate, early, and intensive rehabilitation program. 
Among the several scaffolds that have been proposed 
over recent decades to fulfi ll the articular cartilage 
defects, none has demonstrated a perfect regenerative 
potential. However, encouraging outcomes, both clinical 
and radiological, have been reported in the literature at 
short- or midterm follow-up. Despite that, the superiority 
of one technique over another and the durability of these 
procedures have not been fully assessed. Further com-
parative studies and longer follow-ups are required to 
show clearly the effi cacy of scaffolds in an athletic popu-
lation, thus proving their real potential in allowing highly 
demanding and young patients to return to their previous 
sports activity level.    
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58.1             Introduction 

 Bracing is a frequent component of the acute treatment of 
orthopaedic injuries. The main purposes of bracing are 
to immobilise, provide support, decrease pain, and/or to 
 redirect forces away from the injured area. Indirectly, braces 
also play a role as a kinesthetic reminder to patients of their 
limitations. The use of bracing in sports traumatology can be 
preventive and for rehabilitation after surgical or conserva-
tive treatment. 

 In this chapter we deal with the use of tutors in large joints 
and the pathological conditions of overuse in trauma and in 
contact sports. While the recognised and widespread use of 
post-surgical or conservative braces has played an important 
role to date, their use in the prevention of joint injuries in 
sports is still very controversial because of the limitation of 
joint movement, the physical performance that they often 
determine and for some sports, because of federal regula-
tions, as demonstrated by the recent international literature. 

 All braces place pressure on the skin; thus, appropriate 
fi tting and education on adjustment and care are important, 
not only for skin integrity but also for patient compliance.  

58.2     Shoulder 

 Slings can be used for many upper extremity injuries. In most 
cases, they are used for comfort and can be discontinued 
once pain subsides. They are used temporarily for  clavicle 
fractures, acromioclavicular joint sprains, shoulder joint 

 dislocation, proximal humerus fractures, and after the 
 reduction of forearm fractures. 

 For several thousand years, even before Hippocrates, 
 dislocated shoulders have been treated in a sling with the arm 
internally rotated. In spite of, and perhaps because of, using 
the same treatment for so long, there is little proof that it is 
effective. 

 The labrum acts as a chuck block, increasing the concav-
ity of the glenoid and preventing translation of the humeral 
head. Thus, it stops the head sliding or rolling off the 
glenoid. 

 In a study of shoulder immobilisation in patients with 
Bankart lesions, Itoi et al. [ 1 ] used MRI to analyse shoulders 
immobilised during internal or external rotation. He found 
that immobilisation in internal rotation displaces the labrum. 
MRI fi ndings demonstrated that, when patients’ arms were 
immobilised during external rotation (mean, 35°), separation 
and displacement of the labrum decreased, and the detached 
area and opening angle of the antero-inferior portion of the 
capsule were smaller than when the arms were immobilised 
during internal rotation. The authors concluded that immo-
bilisation during external rotation better approximates the 
Bankart lesion. However, in a recent randomised controlled 
trial, shoulder immobilisation during external rotation fol-
lowing primary dislocation did not reduce the rate of recur-
rence in patients with initial anterior shoulder dislocation. 
The compliance rate with immobilisation during external 
rotation was higher than compliance with immobilisation 
during internal rotation. The duration of immobilisation 
remains controversial. 

 Motion-limiting braces that prevent extreme shoulder 
abduction, extension, and external rotation are sometimes 
used once the athlete has returned to sport for anterior 
instability treatment or after dislocation treated incru-
ently. These braces are designed to limit overhead motion 
and are best used in non-throwing athletes. Alternatively, 
neoprene sleeves can be used and are less restrictive than 
motion- limiting braces. These sleeves can be used in 
overhead  athletes and motion-limiting straps can be 
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 incorporated if necessary (Fig.  58.1 ). Braces that restrict 
motion may be more effective in preventing future insta-
bility events; however, these braces can be cumbersome, 
potentially limiting the athlete’s function and level of 
competitive play. Although bracing is associated with 
subjective improvement in stability, no studies have dem-
onstrated a decreased rate of dislocation associated with 
bracing.  

 Moving on to the acromio-clavicular joint (ACJ), clavicle 
fractures make up 5 % of all fractures; thus, they are not 
uncommon. It is a common injury in contact sports (rugby, 
martial arts) and impact sports (such as horse, motor and 
bike racing). Most clavicle fractures are mainly treated in a 
sling for about 4–6 weeks, which may provide more comfort 
if applied correctly and align some fractures in a more stable 
position. However, complete healing can be slow and may 
take up to 3–6 months. The conservative treatment of mid- 
shaft clavicle fractures with simple slings vs fi gure-of-eight 
braces has been studied to examine whether one method is 
better than the other. 

 Concerning trauma, the ACJ in many contact sports, such 
as rugby, American football, ice hockey, basketball etc., is 
susceptible to frequent injury. Before the brace is applied, in 
terms of prevention, the foam pad is important in avoiding 
the impact on this small joint. Also, taping has been used for 
fi rst- and second-degree sprains and ACJ separations are one 
of the most common injuries seen in orthopaedic and sports 
medicine practices, accounting for 9 % of all injuries to the 
shoulder girdle. Various operative and non-operative treat-
ment schemes have been described for the management of 
ACJ injuries. 

 The ACJ consists of the articulation between the distal 
end of the clavicle and the acromion, functioning to anchor 
the clavicle to the scapula and shoulder girdle. 

 Early classifi cation of AC joint injuries by Tossy and 
 colleagues [ 2 ] and Allman [ 3 ] were based on radiographic 
displacement and the degree of ligamentous damage. They 
were initially graded I through III, and Rockwood and his 

group [ 4 ] later added types IV through VI to the classifi ca-
tion system. 

 Non-operative treatment is typically reserved for types I, 
II and acute type III injuries. This involves a 7- to 10-day 
period of rest, immobilisation and anti-infl ammatory medi-
cations. Historically, braces, such as the Kenny–Howard 
brace, were used to treat these injuries. It acted to reduce the 
ACJ by applying a downward force on the clavicle and an 
upward force on the humerus. It was worn for 6–8 weeks and 
was associated with recurrence of deformity. Fourth- 
generation bracing was made for the non-operative treat-
ments of the type I, II and for some type III ACJ dislocations 
for 4–6 weeks, with good compliance of the patients 
(Fig.  58.2 ).   

58.3     Elbow 

 The most frequent injury is over-use syndrome and its effect 
on basic mechanics. The stress on the extensor muscles of the 
wrist (due to the frequent pronation and supination/extension 
movements against moderate or high resistance) cause micro-
trauma at the proximal osteotendinous insertion. 

 Painful symptoms play a role in the primary lesions of the 
extensor carpi radialis brevis, which is involved in 100 % of 
cases, but in 35 % of cases the extensor digitorum communis 

  Fig. 58.1    Dinamic slink for anterior instability       

  Fig. 58.2    AC joint stabilizer for acute dislocations       
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is also involved. This is termed epicondylitis and the aim of 
the therapy is to reduce or to eliminate the painful symptoms 
and recover the functionality of the arm. To enhance the indi-
vidual effects, a route is created that applies more methods of 
treatment: pressure, cold, to the rest of the muscle at night- 
time (Fig.  58.3 ).  

 Overuse of the wrist extensors is mentioned by many 
authors as a major factor in the development of lateral epi-
condylitis [ 5 – 9 ]. In tennis it has been shown that force and 
fl exibility defi ciencies in the forearm muscles and lack of 
movement accuracy lead to increased load at the lateral epi-
condyle [ 10 ]. These factors also correlate with the incidence 
of lateral epicondylitis. 

 Most braces on the market for the treatment of patients 
with epicondylitis claim to reduce the load at the lateral epi-
condyle. One type is clasp-based braces, which compress 
locally at the insertion of the wrist extensor tendons. In acute 
epicondylitis in particular, these braces are often not tolerated 
by the patient, because local compression at the insertion can 
be painful. Another type of brace applies compression over 
an area of several square centimetres with a silicone pad. A 
third type of brace was investigated in which a high- viscosity 
fl uid pad is placed at the forearm over the extensor muscles. 
Conservative treatment of patients with lateral epicondylitis 
requires the limitation of repetitive stress to the origins of the 
two common extensors. It seems reasonable to consider the 
effectiveness of a brace in reducing the load at the lateral epi-
condyle as one of its quality criteria. The data show that the 
infl uence of a brace on the load at the lateral epicondyle 
depends on the characteristics of the product. Pad-based 
braces result in a much higher reduction of the load at the 

lateral epicondyle than braces with the a clasp. Placing a pad 
at the forearm, distal to the lateral epicondyle, seems to be 
superior to placing pads directly on the lateral epicondyle. 

 Hinged elbow braces may be used to provide medio- lateral 
support for elbow dislocations and collateral ligament sprains, 
while allowing a full range of motion. Postoperatively, a 
hinged elbow brace allows for a gradual increase in the range 
of motion. A dial on the hinge may be set to limit motion to a 
specifi c range, which can then be increased gradually during 
the healing process. The brace should run from the mid-bicep 
to the wrist. Straps should be secured from distal to proximal.  

58.4     Wrist 

 A cock-up wrist brace is one of the most frequently used 
braces. It is appropriate for the treatment of wrist sprains 
and contusions. It may also be used for buckle (torus) frac-
tures of the distal radius. Appropriate fi tting requires the 
distal end of the splint to be just below the palmar crease so 
as not to restrict the movement of the meta-carpo-phalan-
geal joints. 

 For the treatment of distal radius buckle fractures, level I 
evidence studies demonstrate that a wrist splint is as good 
as a cast for the prevention of refracture and/or loss of 
 alignment [ 11 ]. There was no difference in pain with use of 
a splint compared with a cast. Patients treated using the splint 
found it easier to bathe, had better function and did not need 
to return for cast removal. 

 A thumb spica splint or brace is used for the treatment of 
scaphoid injuries, gamekeeper’s thumb (ulnar collateral 

  Fig. 58.3    Supports for the treatment of the epicondilytis for day and night time       
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ligament sprain), De Quervain’s tenosynovitis, and wrist and 
thumb sprains. The brace may be soft or rigid, depending on 
how much support is needed. 

 Appropriate fi tting is for the distal end of the splint to sit 
just below the palmar crease and for the thumb portion to 
extend to the distal phalanx of the thumb to immobilise the 
interphalangeal joint.  

58.5     Knee Braces 

 Controversy has long surrounded the use of knee braces in 
the practice of sports medicine. From their use as a prophy-
lactic measure in high-risk sports to their prescription for 
ligamentous instabilities, knee braces have always been 
viewed with widely varying amounts of acceptance and 
scepticism. This has ranged from enthusiastic endorsement 
to outright condemnation. Braces for patellar-femoral disor-
ders, osteoarthritis and postoperative rehabilitation have 
come to abound in the practice of sports medicine. 

 The idea of wearing a brace to prevent sports-induced 
injuries of the knee was fi rst proposed in 1979 by Anderson 
and colleagues [ 12 ], who used a lateral, upright, dual-hinged 
device on National Football League players. 

 After it had been tested on nine players for short periods 
(one to nine games) without reinjury, this brace was pro-
posed as a means of preventing ligamentous injury to the 

medial side of the knee. The authors believed that in addition 
to preventing a signifi cant valgus stress to the knee, their 
brace also helped to restrict antero-posterior displacement. 
This report led to an explosion in the demand for prophylac-
tic knee braces (PKBs) in football and other demanding 
sports, and a multitude of manufacturers sold off-the-shelf 
PKBs to meet the demand. 

 These can be classifi ed into two basic types.
    1.    Single lateral upright and a single-axis, a dual-axis, or a 

polycentric hinge.   
   2.    Bilateral (medial and lateral) uprights, a polycentric hinge 

and a band connecting the two units to make one [ 13 ] 
(Fig.  58.4 ).      
 Numerous laboratory studies investigating the effects of 

knee bracing have been performed. Some studies were 
designed to study PKBs, which are used to prevent knee 
injuries, whereas others looked at functional knee braces, 
which are structured to compensate for torn ligaments. Most 
studies are useful, but the reader must carefully consider the 
biomechanical parameter reproduced in the study and its 
subsequent effect on the ligaments of interest. 

 Cadaver studies are rarely performed at this time owing 
to longstanding criticism regarding the anatomical and age 
variations of specimens in addition to the increased 
expense. 

 In 1986, France and colleagues [ 14 ] published the results 
of loading experiments using 14 cadaver knees to test two 

  Fig. 58.4    knee brace 4 points       
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lateral upright PKBs. The authors concluded that these sin-
gle upright braces were ineffective and possibly detrimental 
in resisting valgus forces. 

 These results were quoted widely and had a signifi cant 
impact on how clinicians viewed these types of braces at the 
time. These same investigators subsequently demonstrated 
that this initial testing system was fl awed, which added to the 
debate regarding the usefulness vs potential harmfulness of 
these types of braces [ 15 ]. 

 Although these studies seemed to show that some types of 
braces could control antero-posterior translation and rotation 
of the knee, the loads used in these studies have uniformly 
been felt to be less than what would be seen under clinical, 
on-the-fi eld playing conditions [ 16 ,  17 ]. Clinical studies 
using questionnaires, KT1000 measurements and physical 
examination to assess the effectiveness of functional braces 
have been similarly inconclusive. 

 Surrogates are testing fi xtures made of metal and poly-
meric components that house a ligament substitute. 
Surrogates are designed to approximate closely and repro-
ducibly the shape and the mechanical properties of the 
human knee. These have been shown to have less variability 
than cadaver specimens during testing. In addition, they are 
reusable because they have either replaceable ligaments or 
ligaments that are not destroyed during testing. This facili-
tates the use of increased sample sizes when comparing the 
effects of braces. Paulos and colleagues [ 18 ] engineered one 
of the fi rst surrogate models and several types of prophylac-
tic braces were tested. The authors concluded that a PKB 
was more effective when it was longer and displayed suffi -
cient stiffness to distribute the impact away from the joint 
line and to divert it to the proximal thigh and the distal calf. 

 Paulos and coworkers, using the same mechanical surro-
gate developed by France and associates [ 15 – 19 ], showed 
that lateral knee braces could have a protective effect for 
both the medial collateral ligament (MCL) and the anterior 
cruciate ligament (ACL) against direct lateral blows to the 
knee. The ACL appeared to have better protection in this 
testing system. 

 Although there is no universal agreement, single upright 
PKBs probably do provide modest (20–30 %) MCL strain 
relief in the fully extended surrogate knee model when there 
is suffi cient valgus force to cause mild-to-moderate joint-line 
opening in the unbraced specimen. It also appears that 
PKBs help to prevent abnormal motion in the sagittal plane, 
thereby also protecting the ACL. No change in current brace 
structures is likely to improve the effectiveness of this type 
of brace signifi cantly. Although they are expensive and 
 cumbersome, the greatest protection from MCL injury is 
likely to come from customised metal, dual upright func-
tional braces like the Lenox Hill brace, which was tested. 
These braces apparently double the effectiveness of lateral 
upright knee braces, and they provide protection when the 

knee is fl exed and when it is fully extended. A major contri-
bution is made to the performance of this type of brace by the 
excellent fi t to the thigh [ 20 ]. 

 Few studies have been conducted on the effects of PKBs 
on knee function and athletic performance. It appears that 
knee braces do at least have the potential to restrict the per-
formance of the athlete in high-speed running, but the effect 
is related to several factors. The weight of the braces in 
addition to its design features (e.g. type, number and resul-
tant friction of the joints; how well it is contoured; tight-
ness of the straps) appears to be important. With braces 
heavier than an elastic sleeve, the most measurable effects 
of the braces include increased muscular relaxation pres-
sures, energy expenditure-related blood lactate levels, max-
imal torque outputs, and oxygen consumption and heart 
rate [ 12 ]. 

 However, the pressure caused by the tension of the straps 
is a potential cause of increased intramuscular pressure. One 
successful method of brace suspension without necessarily 
increasing thigh and leg pressure is the use of Velcro to sus-
pend the brace from the tight portion of the elasticised panty-
girdle- type briefs that extends from the distal tight to above 
the iliac crests [ 21 ]. 

 The most sophisticated studies on knee braces to date 
have reinforced the idea that players wearing PKBs are less 
likely to incur an MCL sprain. From the Big Ten Conference 
study alone, it is obvious that, far more important than 
whether or not a brace is worn, are the type of session, the 
position and the string to which the individual is assigned. 
All else being equal, preventive braces are probably clini-
cally effective, but a much larger study is required for confi r-
mation. The effi cacy of PKBs remains in question, but recent 
studies have taught us enough to put their use into perspec-
tive. Although they may play some role, PKBs probably rep-
resent the least important factor in the likelihood of an MCL 
sprain. On the other hand, there is no evidence that such 
braces put added valgus pressure on some knees or that 
wearing a brace is associated with increased frequency or 
severity of knee or ankle injury [ 12 ].  

58.6     Ankle Braces 

 External ankle stabilising devices (braces, tape) are 
 commonly used for treatment, rehabilitation and prophylac-
tic purposes in sport [ 22 ,  23 ]. There is evidence that the 
use of these devices (mainly semi-rigid braces) reduces the 
incidence of ankle sprains in high-risk sporting activities 
such as soccer or basketball in addition to tennis [ 24 ]. One 
potential reason is that devices are usually used in combina-
tion with shoes (Fig.  58.5 ). The overall stabilising effect may 
result from a combination of the stability of the external 
 support device and the added effect of the shoe.  
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 Ankle sprains are also frequent injuries in sports such as 
dancing and gymnastics in which no shoes are used. It 
remains unclear whether ankle braces provide the same sta-
bilising effect in a barefoot situation as they do when used in 
combination with shoes [ 25 – 28 ]. 

 The aim of the study by Eils was to evaluate the passive 
stability characteristics of the different external ankle stabi-
lising devices with and without the infl uence of a sport shoe 
and to make recommendations regarding external stability 
devices in barefoot sports activities. 

 Under simulated barefoot conditions, a signifi cantly 
reduced stabilising effect for inversion and eversion (19 and 
29 % respectively) was found with the use of stirrup ankle 
braces. Small decreases were noted with the soft brace and 
tape, but these were not statistically signifi cant. The passive 
stability characteristics of ankle braces depend to a great 
extent on being used in combination with a shoe. This is 
especially true for semi-rigid braces with a stirrup design. 
Therefore, it is recommended that soft braces be used in 
barefoot sports to restrict the passive range of motion of the 
foot and ankle complex.  

    Conclusion 

 The complexity of the joints has caused many of us to use 
different methods of prevention and protection through 

the use of externally aided devices. Even taping, strapping 
and bracing have become skills at which all of us involved 
in sports medicine are attempting to become more profi -
cient. An external device can never restore the normal bio-
mechanics of the injured joints. However, bracing  usually 
supports traumatic injury and is very important for the 
correct adjunct for returning an athlete to competition.     
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